
.QRZOHGJH�0DQDJHPHQW�	 (�/HDUQLQJ��$Q�,QWHUQDWLRQDO�-RXUQDO��9RO����1R��� ���

(IIHFW�RI�VWXGHQW�HQJDJHPHQW�RQ�PXOWLPHGLD�DVVLVWHG�LQVWUXFWLRQ

+VLX�3LQJ�<XHK
'HSDUWPHQW�RI�%LR�,QGXVWU\�&RPPXQLFDWLRQ�DQG�'HYHORSPHQW
1DWLRQDO�7DLZDQ�8QLYHUVLW\��7DLZDQ
(�PDLO� \XHK#QWX�HGX�WZ

:HLMDQH�/LQ
'HSDUWPHQW�RI�/LEUDU\�DQG�,QIRUPDWLRQ�6FLHQFH
1DWLRQDO�7DLZDQ�8QLYHUVLW\��7DLZDQ
(�PDLO��YMOLQ#QWX�HGX�WZ

-R�<L�+XDQJ
:DOVLQ�/LKZD�&RUSRUDWLRQ���7DLZDQ
(�PDLO��U��������#QWX�HGX�WZ

+RUQ�-LXQQ�6KHHQ
,QVWLWXWH�RI�$SSOLHG�0HFKDQLFV
1DWLRQDO�7DLZDQ�8QLYHUVLW\��7DLZDQ
(�PDLO��VKHHQK#QWX�HGX�WZ

&RUUHVSRQGLQJ DXWKRU

$EVWUDFW� 7KLV� VWXG\� DSSOLHG� PXOWLPHGLD� LQ� D� JHQHUDO� HQJLQHHULQJ� DQG�
WHFKQRORJ\� FRXUVH� LQ� 7DLZDQ� DQG� HYDOXDWHG� WKH� HIIHFWLYHQHVV� RI� PXOWLPHGLD�
DVVLVWHG�LQVWUXFWLRQ�DQG�OHDUQLQJ��7KH�FRXUVH�SUHVHQWHG�WUHQGV�LQ�WHFKQRORJLFDO�
GHYHORSPHQW� DQG� WKH� DFKLHYHPHQWV� RI� 7DLZDQHVH� LQGXVWULHV� DQG� UHVHDUFK�
LQVWLWXWHV� IURP� D� KLVWRULFDO� SHUVSHFWLYH�� DQG� RYHUYLHZHG WKH� WHFKQRORJ\�
LQGXVWULHV� DQG� LQGXVWULDO WUDQVIRUPDWLRQ� GHYHORSPHQW� LQ� 7DLZDQ�� 7KH� FRXUVH�
XQLWV�DGRSWHG�PXOWLPHGLD�WR�VXSSRUW�FODVV�WHDFKLQJ�DQG�VWXGHQW�OHDUQLQJ��DQG�D�
VXUYH\� ZDV� FRQGXFWHG� WR� FROOHFW� VWXGHQWV¶� DWWLWXGHV� DQG SHUFHSWLRQ� WRZDUG
PXOWLPHGLD�DVVLVWHG�LQVWUXFWLRQ�DQG�OHDUQLQJ LQ�WKH�FRXUVH� 5HVHDUFK�GDWD�ZHUH�
FROOHFWHG�IURP����PDOH�DQG���IHPDOH�VWXGHQWV�ZLWK�YDULHG�DFDGHPLF DQG�FXOWXUDO
EDFNJURXQGV�� 5HVXOWV� VKRZHG� WKDW� PXOWLPHGLD� YLGHRV� KHOS� UDLVH� VWXGHQWV¶�
DZDUHQHVV� RI� OHDUQLQJ� LVVXHV�� LPSURYH� WKHLU� XQGHUVWDQGLQJ� RI� FRQWHQW�� DQG�
LQFUHDVH�WKH�GHSWK�RI� WKHLU� OHDUQLQJ��$OPRVW� DOO�VWXGHQWV� OLNHG�WKH�DSSURDFK�RI�
XVLQJ�PXOWLPHGLD�WR�DVVLVW�WHDFKLQJ�DQG OHDUQLQJ��SUHIHUULQJ�WKLV�DSSURDFK�RYHU�
WUDGLWLRQDO�OHFWXUH�EDVHG�LQVWUXFWLRQ��7KH\�DOVR�ZRXOG�UHFRPPHQG�WKLV�FRXUVH�WR�
WKHLU� SHHUV�� 7KLV� VWXG\� DOVR� IRXQG� WKDW� WKH� GHJUHH� RI� VWXGHQWV¶� HQJDJHPHQW�
FDXVHG� YDULDQFH� LQ� WKH� VWXGHQWV¶� SHUFHSWLRQ� RI� PXOWLPHGLD� KHOSIXOQHVV� LQ�
DVVLVWLQJ�WKHLU�OHDUQLQJ��)LQDOO\��WKLV�VWXG\�IXUWKHU�SURSRVHV�VXJJHVWLRQV�LQ�ERWK�
GHVLJQ� DQG� UHVHDUFK� RQ� DSSOLFDWLRQV� RI� PXOWLPHGLD�HQKDQFHG� OHDUQLQJ� LQ�
HQJLQHHULQJ�DQG�WHFKQRORJ\ HGXFDWLRQ�

.H\ZRUGV�� /HDUQLQJ� HQJDJHPHQW�� 0XOWLPHGLD�DVVLVWHG� LQVWUXFWLRQ��
(QJLQHHULQJ�HGXFDWLRQ��7HFKQRORJ\�HGXFDWLRQ
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%LRJUDSKLFDO�QRWHV��+VLX�3LQJ�<XHK LV�3URIHVVRU DQG�&KDLU LQ�WKH�'HSDUWPHQW�
RI� %LR�,QGXVWU\� &RPPXQLFDWLRQ� DQG� 'HYHORSPHQW DW� 1DWLRQDO� 7DLZDQ�
8QLYHUVLW\��6KH�LV�WKH�HVWDEOLVKHU�RI�(GXFDWLRQDO�7HFKQRORJ\�*URXS�WKDW�LV� WKH�
ILUVW�SURIHVVLRQDO�WHDP�WR�VXSSRUW�IDFXOW\¶V�XVH�RI�,&7�LQ�WHDFKLQJ�DQG�OHDUQLQJ�
LQ� 7DLZDQ� XQLYHUVLWLHV�� +HU� UHVHDUFK� LQWHUHVWV� LQFOXGH� FRJQLWLYH� VFLHQFH��
OHDUQLQJ�WHFKQRORJ\�DQG�KXPDQ�UHVRXUFH�GHYHORSPHQW�

:HLMDQH� /LQ� LV� $VVLVWDQW� 3URIHVVRU� LQ� WKH� 'HSDUWPHQW� RI� /LEUDU\� DQG�
,QIRUPDWLRQ� 6FLHQFH� DW� 1DWLRQDO� 7DLZDQ� 8QLYHUVLW\�� +HU� UHVHDUFK� IRFXVHV� RQ�
WKH�PXOWLPHGLD�VXSSRUW�WR�DVVLVW�KXPDQ�SHUIRUPDQFH�LQ�FRJQLWLYH�WDVNV�

-R�<L�+XDQJ�UHFHLYHG�KHU�PDVWHU�GHJUHH�IURP�WKH�'HSDUWPHQW�RI�%LR�,QGXVWU\�
&RPPXQLFDWLRQ�DQG�'HYHORSPHQW� LQ� ������ 6KH� LV� FXUUHQWO\� DQ�$GPLQLVWHU� DW�
:DOVLQ�/LKZD�&RUSRUDWLRQ�

+RUQ�-LXQQ� 6KHHQ� LV� 3URIHVVRU� LQ� WKH� ,QVWLWXWH� RI� $SSOLHG� 0HFKDQLFV� DW�
1DWLRQDO� 7DLZDQ� 8QLYHUVLW\�� +H� ZDV� WKH� 'LUHFWRU� RI� &HQWUH� IRU� 7HDFKHU�
(GXFDWLRQ� LQ� 1DWLRQDO� 7DLZDQ� 8QLYHUVLW\� IURP� ����� WR� ������ DQG� KDV� EHHQ�
GHGLFDWHG�WR�HQJLQHHULQJ�HGXFDWLRQ�IRU�D�ORQJ�WLPH��+H�FXUUHQWO\�IRFXVHV�RQ�WKH�
UHVHDUFK�ILHOGV�RI�VRIWZDUH�HQJLQHHULQJ��QDQRWHFKQRORJ\�DQG�RSWLFDO�LQVWUXPHQW�
V\VWHP�

�� ,QWURGXFWLRQ

,Q� DQ� HUD� RI� XQSUHFHGHQWHG� WHFKQRORJLFDO� DGYDQFHPHQW�� HQJLQHHULQJ� SUDFWLFH� KDV� EHHQ�
FRQWLQXLQJ� WR� HYROYH�� EXW� HQJLQHHULQJ� HGXFDWLRQ� KDV� QRW� FKDQJHG� DSSUHFLDEO\� �/DQJ��
&UXVH�� 0F9H\�� 	� 0F0DVWHUV�� ������� 7KH� $FFUHGLWDWLRQ� %RDUG� IRU� (QJLQHHULQJ� DQG�
7HFKQRORJ\� �$%(7��(QJLQHHULQJ�&ULWHULD� ������ZKLFK�ZDV� IXOO\� LPSOHPHQWHG� LQ� ������
HPSKDVL]HV�RXWFRPHV�RYHU�SURFHVV��DQG�SURYLGHV�DQ�RSSRUWXQLW\�IRU�VWDNHKROGHUV�WR�KHOS�
XQLYHUVLWLHV�GHILQH�HGXFDWLRQDO�JRDOV�DQG�REMHFWLYHV�DQG�GHVLJQ�D�FXUULFXOXP�WR�PHHW�WKH�
GHVLUHG�RXWFRPHV�RI�DGYDQFHV�LQ�WHFKQRORJ\ �/DQJ HW�DO�� ������ (QJLQHHULQJ�HGXFDWLRQ��
ZKLFK� FRQVLVWV� RI� VFLHQFH� DQG� PDWKHPDWLFV� EDVHG�VXEMHFWV�� LV� FRQWHQW�FHQWHUHG� DQG�
GHVLJQ�RULHQWHG� �%RXUQH�� +DUULV� 	� 0D\DGDV� ������� DQG� WKHUHIRUH� WKH� FRQWHQW� RI�
HQJLQHHULQJ� HGXFDWLRQ� VKRXOG� FKDQJH� DORQJ� ZLWK� WKH� GHYHORSPHQWV� LQ� WHFKQRORJ\� DQG�
LQGXVWU\�� $� JHQHUDO� HQJLQHHULQJ� HGXFDWLRQ� GHILQHV� WHFKQRORJ\� DQG� WKH� UROH� LW� SOD\V� LQ�
VRFLHW\��GHYHORSV�VWXGHQWV¶�SUREOHP�VROYLQJ�VNLOOV��DQG�LQWURGXFHV�VWXGHQWV�WR�D�VHTXHQWLDO�
GHVLJQ� SURFHVV� WKDW� LQVWLOOV� LQ� WKHP� WKH� DELOLW\� WR� TXHVWLRQ� D� SURFHVV� RU� SURFHGXUH� 7KH�
JRDOV�RI�D�JHQHUDO�HQJLQHHULQJ�HGXFDWLRQ�DUH�GHVLJQHG� WR�HQDEOH�DOO� VWXGHQWV��HYHQ�WKRVH�
ZKR� PD\� QRW� SRVVHVV� HQJLQHHULQJ� WUDLQLQJ� EDFNJURXQGV�� WR� DGDSW� WR� WKH� FKDQJLQJ�
WHFKQRORJLFDO�VRFLHW\�RI�WRGD\�DQG�WRPRUURZ��0DKDMDQ��0F'RQDOG��	�:DOZRUWK���������
)RU� D� JHQHUDO� HQJLQHHULQJ� HGXFDWLRQ� FRXUVH�� LW� LV� QRW� HDV\� IRU� RQH� WHDFKHU� WR� SUHSDUH�
YDULRXV� PDWHULDOV� WR� SUHVHQW� GLIIHUHQW� SHUVSHFWLYHV� RI� HQJLQHHULQJ� UHVHDUFK� DQG�
GHYHORSPHQW�WR�WKH�FODVV��RQ�WKH�RWKHU�KDQG��LQ�D�VFLHQWLILF�DFDGHPLF�ILHOG��LW�LV�DOVR�KDUG�
IRU�DQ�HQJLQHHULQJ�VWXGHQW�WR�PDVWHU�DOO�VNLOOV�RU�NQRZOHGJH�GRPDLQV� 7KHUHIRUH��KDYLQJ�D�
YDULHW\� RI� UHVRXUFHV� IRU� PDLQ� LQVWUXFWLRQ� WR� FRPSOHPHQW� FODVV� OHDUQLQJ� LV� RI� VSHFLDO�
LPSRUWDQFH�LQ�D�JHQHUDO�HQJLQHHULQJ�HGXFDWLRQ�

7R� DGYDQFH� LQGXVWULDO� GHYHORSPHQW�� WKH� JRYHUQPHQW� RI� 7DLZDQ� HVWDEOLVKHG� WKH�
1DWLRQDO�$SSOLHG�5HVHDUFK�/DERUDWRULHV��1$5/��LQ�������ZLWK�WKH�JRDOV�RI�HVWDEOLVKLQJ�
5	'�SODWIRUPV��DVVLVWLQJ�DFDGHPLF�UHVHDUFK��SURPRWLQJ�IURQWLHU�VFLHQFH�DQG�WHFKQRORJ\��
DQG� IRVWHULQJ� KLJK�WHFK� KXPDQ� UHVRXUFHV� LQ� 7DLZDQ�� ,W� IXUWKHU� SURGXFHG� YLGHRV� WR�
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LQWURGXFH�DGYDQFHG�VFLHQFH�DQG�WHFKQRORJ\�LQ�7DLZDQ��VXFK�DV�FLUFXLW�UHODWHG�LQGXVWULHV��
WKH� GLVSOD\� LQGXVWU\�� WKH� FRPSXWHU� DQG� LQIRUPDWLRQ� WHFKQRORJ\� LQGXVWU\�� QDQR� DQG�
ELRPHGLFDO� WHFKQRORJ\�� DJULFXOWXUH� DQG� HFRORJLFDO� UHVHDUFK�� DQG� WUDGLWLRQDO� LQGXVWU\�
WUDQVIRUPDWLRQ�GHYHORSPHQW�LQ�7DLZDQ��7KH�1$5/�YLGHR�SODWIRUP�KDV�EHFRPH�DQ�RQOLQH�
HGXFDWLRQDO� UHVRXUFH� GDWDEDVH� WKDW� HQJLQHHULQJ� HGXFDWRUV� FDQ� DGRSW� LQWR� WKHLU� GDLO\�
HGXFDWLRQDO� SUDFWLFH�� 7R� IXOO� XWLOL]H� WKHVH� UHVRXUFHV� LQ� D� JHQHUDO HQJLQHHULQJ� DQG�
WHFKQRORJ\ HGXFDWLRQ�FRXUVH�HQWLWOHG�³6FLHQWLILF�7DLZDQ´��RIIHUHG�LQ�D�UHVHDUFK�XQLYHUVLW\�
LQ�1RUWKHUQ�7DLZDQ�� WKH�UHVHDUFKHUV��ZKR�ZHUH�DOVR�LQVWUXFWRUV��PRGLILHG�DQG�LQWHJUDWHG�
WKHVH�RSHQ�UHVRXUFHV�SURYLGHG�E\�1$5/�LQWR�WKH�FRXUVH�ZHEVLWH��DQG�GHPRQVWUDWHG�WKHP�
LQ�FODVV�WHDFKLQJ��7R�YHULI\�WKH�HIIHFWLYHQHVV�RI�WKLV�LPSOHPHQWDWLRQ��WKH�SXUSRVHV�RI�WKLV�
VWXG\�DUH�DV�IROORZV������WR�LQWHJUDWH�WKH�PXOWLPHGLD�YLGHR�UHOHDVHV�IURP�1$5/�LQWR�WKH�
LQVWUXFWRUV¶� WHDFKLQJ� LQ� WKH� JHQHUDO� HQJLQHHULQJ DQG� WHFKQRORJ\ HGXFDWLRQ� FODVVURRP� WR�
SURYLGH� WKH� VWXGHQWV� ZLWK� D� EDVLF� XQGHUVWDQGLQJ� RI� WHFKQRORJLFDO� LQQRYDWLRQ� DQG�
GHYHORSPHQW� LQ� 7DLZDQ�� ���� WR� LQYHVWLJDWH� WKH� HIIHFWLYHQHVV� RI� DSSO\LQJ� PXOWLPHGLD�
PDWHULDOV�LQ�DVVLVWLQJ�LQVWUXFWLRQ�DQG�OHDUQLQJ�LQ�D�JHQHUDO�HQJLQHHULQJ�HGXFDWLRQ�FRXUVH��
DQG� ���� WR� H[DPLQH� ZKHWKHU� VWXGHQWV¶� OHDUQLQJ� HQJDJHPHQW� LQ� ZDWFKLQJ� PXOWLPHGLD�
YLGHRV�DIWHU�FODVV�KDV�DQ�LPSDFW�RQ�WKHLU�DWWLWXGHV�WRZDUG�PXOWLPHGLD�DVVLVWHG�OHDUQLQJ�

�� /LWHUDWXUH�UHYLHZ

���� 0XOWLPHGLD�DVVLVWHG�LQVWUXFWLRQ�DQG�OHDUQLQJ�LQ�HQJLQHHULQJ�HGXFDWLRQ

0XOWLPHGLD� WHDFKLQJ� LQWHJUDWHV� YHUEDO� PDWHULDO�� VXFK� DV� SULQWHG� DQG� VSRNHQ� WH[W�� DQG�
YLVXDO�PDWHULDO�� VXFK�DV� SLFWXUHV�� JUDSKV�� SKRWRV��DQG� G\QDPLF� JUDSKLFV� �0D\HU�� �������
6SHFLILFDOO\� YLGHR� DV� D�PXOWLPHGLD� DSSOLFDWLRQ� KDV� EHHQ� YLHZHG� DV� SRZHUIXO� QDUUDWLYH�
YLVXDOL]DWLRQ� WR� EH� RI� EHQHILW� LQ� WHDFKLQJ� DQG� OHDUQLQJ� LQ� YDULRXV� GLVFLSOLQHV� LQFOXGLQJ�
HQJLQHHULQJ�� PDQDJHPHQW� VFLHQFH�� SK\VLFDO�� PHGLFDO� DQG� VFLHQFH� HGXFDWLRQ� �*DUULVRQ��
������ 0DU[� 	� )URVW�� ������ 0LWFKHOO�� ������ 3DOPHU�� ������ 6KHSKDUG�� ������� ,Q�
HGXFDWLRQDO� VHWWLQJV�� LQFOXGLQJ� HQJLQHHULQJ� HGXFDWLRQ�� PXOWLPHGLD� SUHVHQWDWLRQV� FRXOG�
SURYLGH�YDULHW\�WR�OHVVRQ�SODQQLQJ��DQG�IDFLOLWDWH�LQVWUXFWLRQ�ZLWK�EHWWHU�YLVXDOL]DWLRQ�DQG�
UHSUHVHQWDWLRQ� �6KHSKDUG�� ������ 7HR� 	� &KDL�� ������� +RZHYHU�� LW� GRHV� QRW� HDVLO\� DQG�
GLUHFWO\�VXSSRUW�DFWLYH�OHDUQLQJ�DQG�WR�LGHQWLI\�KRZ�WR�XVH�PXOWLPHGLD�DVVLVWHG�LQVWUXFWLRQ�
�0$,�� HIIHFWLYHO\� LV� D� IRFXV� RI� PDQ\� H[SHUWV�� SURIHVVLRQDOV�� DQG� OHFWXUHUV �/DXULOODUG��
������6XQJ�	�0D\HU���������

3UHYLRXV� HQJLQHHULQJ� HGXFDWLRQ� UHVHDUFKHUV� KDYH� LQYHVWLJDWHG� HIIHFWLYH� WHDFKLQJ�
VW\OHV� WR� ILW�GLIIHUHQW�OHDUQLQJ�VW\OHV��DQG� WKH�UHODWLRQVKLSV�RI� WKH�WZR� W\SHV�RI� VW\OHV�� LQ�
RUGHU� WR� ILQG� D� EHWWHU� ZD\� WR� HPSOR\� PXOWLPHGLD� OHDUQLQJ� LQ� HQJLQHHULQJ� HGXFDWLRQ��
0XOWLPHGLD�DSSURDFKHV�KDYH� EHHQ� SURYHG� WR� KDYH� WKH� SRWHQWLDO� WR� FUHDWH�D�KLJK�TXDOLW\�
OHDUQLQJ�HQYLURQPHQW� $ORQJ�ZLWK�WKH�UDSLG�DGYDQFHV�LQ�WHFKQRORJ\��LW�EHFRPHV�HDVLHU�IRU�
LQVWUXFWRUV�WR�DFFHVV�DQG�DSSO\�PXOWLPHGLD�WR�DVVLVW�WKHLU�WHDFKLQJ�RI�HQJLQHHULQJ�WRSLFV��
DQG� FDVHV� DUH� ZHOO� GRFXPHQWHG� VXFK� DV� QDQRWHFKQRORJ\� �:LVKDUW� 	� %OHDVH� �������
ELRWHFKQRORJ\� HQJLQHHULQJ� �0XWKDUDVDQ�� 0DJHH�� :KHDWOH\�� 	� /HH� ������� FLUFXLW� DQG�
HOHFWURQLF� HQJLQHHULQJ� �0DE\�� &DUOVRQ�� &RQQRU�� -HQQLQJV�� 	� 6FKRFK� ������ 6FKRGRUI��
<RGHU�� 	� 0F&OHOODQ� ������ *LDQQRWWL� 	 *DOOHWWL�� ������ +|KQH� 	 +HQNHO�� ������
1RUWFOLIIH�	 0LGGOHWRQ��������+XQW��+RZDUG��.LUN��$VK��	�7\UUHOO�� � ������� FRPSXWHU�
DQG� LQIRUPDWLRQ� VFLHQFH�� PHFKDQLFDO� HQJLQHHULQJ�� FLYLO� HQJLQHHULQJ� �.DUWDP� 	 $O�
5HVKDLG�� ������� PDQXIDFWXULQJ� HGXFDWLRQ� �5DMX�� 6DQNDU]��	� ;XH� �������PHFKDWURQLFV�
�.LNXFKL�	 .HQMR���������PDWKHPDWLFDO�HGXFDWLRQ��%ULQJVOLG���������DQG�HQYLURQPHQWDO�
HQJLQHHULQJ� �%DGUDQ�� ������ %RPDQ� 	 2OVVRQ� ������� 7KH� DGYHQW� RI� PXOWLPHGLD� ZLWK�
K\SHUWH[W�� LQWHUDFWLYH� VLPXODWLRQV�� DQG� DQLPDWLRQ� V\VWHPV� KDV� IRUJHG� DQ� HIIHFWLYH�
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LQIRUPDWLRQ�GHOLYHU\�HQYLURQPHQW�ZLWK�WKH�SRZHU�RI�FUHDWLQJ�LQWHUDFWLYH�ODERUDWRULHV�DQG�
FODVVURRPV��%HQJX�	 6ZDUW��������

5HVHDUFKHUV� KDYH� DSSOLHG� PXOWLPHGLD� LQ� HGXFDWLRQDO� FRQWH[WV� DQG� IRXQG� WKDW� LW�
HQDEOHG�WKHP�WR�FKRRVH�IURP�D�UDQJH�RI�PHGLD�HOHPHQWV�WR�FRQYH\�D�SDUWLFXODU�PHVVDJH
�&DLUQFURVV� 	 0DQQLRQ�� ������� 7KH� YDULRXV� IRUPV� RI� PXOWLPHGLD�� VXFK� DV� YLGHRWDSHV�
�0XWKDUDVDQ HW�DO�� �������PXOWLPHGLD�PDWHULDOV�RQ�&'�520��%RPDQ�	 2OVVRQ���������
GLJLWDO�DXGLR�VWUHDPV��1RUWFOLIIH�	 0LGGOHWRQ���������PXOWLPHGLD� LQVWUXFWLRQDO� VRIWZDUH�
�.LNXFKL�	 .HQMR��������6FKRGRUI��<RGHU��	�0F&OHOODQ� �������ZHE�EDVHG�PXOWLPHGLD�
PDWHULDOV� �.DUWDP�	 $O�5HVKDLG�� ������ 5DMX�� 6DQNDU]��	�;XH�� ������ %ULQJVOLG�� ������
%DGUDQ�� ������� PXOWLPHGLD� FRXUVHZDUH� �*LDQQRWWL� 	 *DOOHWWL�� ������� DQG� HYHQ� WKH�
SURJUDPPDEOH�PXOWLPHGLD�V\VWHPV��+|KQH�	 +HQNHO���������FDQ�PHHW�GLIIHUHQW�QHHGV�LQ�
SUDFWLFH�� 3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG� WKDW�PXOWLPHGLD�DVVLVWHG� LQVWUXFWLRQ� FDQ� KHOS�
WHDFKHUV� FRQVWUXFW� D� FRKHUHQW� PHQWDO� UHSUHVHQWDWLRQ� IURP� SUHVHQWHG� PDWHULDOV� �0D\HU��
������0XWKDUDVDQ HW�DO����������LOOXVWUDWH�VSDWLDO�UHODWLRQVKLSV��6XWFOLIIH�	�)DUDGD\���������
DQG� SUHVHQW� LQIRUPDWLRQ� DSSURSULDWHO\� IRU� GLIIHUHQW� NLQGV� RI� OHDUQHUV� �&DLUQFURVV� 	
0DQQLRQ�� ������� ,W� FDQ� DOVR� LQFUHDVH� WKH� GHSWK� RI� VWXGHQWV¶� OHDUQLQJ� RI� VSHFLILF� LVVXHV�
�+|KQH� 	 +HQNHO�� ������ &DLUQFURVV� 	 0DQQLRQ�� ������ <XHK� 	 6KHHQ�� ������� DQG�
HQJDJH� VWXGHQWV� LQ� D�ZD\� WKDW� VWDWLF�PDWHULDO� GRHV� QRW� �&DLUQFURVV�	 0DQQLRQ�� �������
$FFRPSDQLHG�ZLWK�JRRG�FRXUVH�GHVLJQ��LW�FDQ�DOVR�DOORZ�WKH�LQVWUXFWRU�WR�TXLFNO\�DVVHVV�
WKH�HIIHFWLYHQHVV�RI�D�SDUWLFXODU�SUHVHQWDWLRQ��0DE\ HW�DO���������

)HOGHU� DQG� 6LOYHUPDQ ������ FDWHJRUL]HG� OHDUQHUV� E\� WKH� ZD\� WKH\� UHFHLYH�
LQIRUPDWLRQ� LQWR� WKUHH� GLPHQVLRQV�� YLVXDO� OHDUQHUV�� YHUEDO� OHDUQHUV�� DQG� NLQDHVWKHWLF�
OHDUQHUV��7KH\�DOVR�VXJJHVW�WKDW�LQVWUXFWRUV�XVH�JUDSKLFDO�PDWHULDOV�WR�DFFRPSDQ\�YHUEDO�
PDWHULDOV� LQ� WKHLU� FODVV� SUHVHQWDWLRQV� WR�KHOS� ERWK� YLVXDO�DQG� YHUEDO� OHDUQHUV� WR� OHDUQ� LQ�
HQJLQHHULQJ� FRXUVHV�� 8VLQJ� PXOWLPHGLD� SUHVHQWDWLRQV� WR� DVVLVW� VWXGHQWV¶� OHDUQLQJ� LQ�
HQJLQHHULQJ�FDQ�KHOS� OHDUQHUV�WR�UHFRJQL]H�DQG�UHWDLQ�WKH�SUHVHQWHG�PDWHULDO� �&DLUQFURVV�
	 0DQQLRQ�� �������%XW� LW� DOVR�QHHGV� WR� LPSURYH� WKHLU� GHYHORSPHQW� LQ� SUREOHP�VROYLQJ�
�+|KQH� 	 +HQNHO�� ����� DQG� GHFLVLRQ�PDNLQJ� �5DMX�� 6DQNDU]� 	� ;XH�� ����� ZLWK�
FRQVLGHUDWLRQ�RI�GLIIHUHQW�OHDUQLQJ�VW\OHV�DQG�FDSDELOLWLHV �0DE\ HW�DO����������5HVHDUFKHUV�
KDYH� IRXQG� WKDW�KLJKHU�PRWLYDWLRQ� �*LDQQRWWL�	 *DOOHWWL��������+|KQH�	 +HQNHO��������
.LNXFKL�	 .HQMR������� WRZDUG�OHDUQLQJ�FRXOG�OHDG�WR�JUHDWHU�RQJRLQJ�HQJDJHPHQW�ZKHQ�
PXOWLPHGLD� PDWHULDOV� DUH� XVHG� WR� DVVLVW� OHDUQLQJ� �1RUWFOLIIH� 	 0LGGOHWRQ�� �������
0RUHRYHU��WKH�EHWWHU�DFFHVVLELOLW\�RI�PXOWLPHGLD�DVVLVWHG�LQVWUXFWLRQ�FRXOG�DOVR�PDLQWDLQ�
DQG� SURYLGH� OHDUQLQJ� UHVRXUFHV� �%DGUDQ�� ����� IRU� VWXGHQWV� WR� VWXG\� DW� DQ\� WLPH�� SODFH��
DQG� SDFH� VXLWHG� WR� WKH� OHDUQHU� �6FKRGRUI�� <RGHU�� 	� 0F&OHOODQ�� ������ .DUWDP� 	 $O�
5HVKDLG��������

���� 6WXGHQWV¶� OHDUQLQJ� HQJDJHPHQW� RI� LQVWUXFWLRQDO� DFWLYLW\� LQ� HQJLQHHULQJ�
HGXFDWLRQ

,Q�VSLWH�RI�WKH�JUHDW�LQWHUHVW�LQ�WKH�PXOWLPHGLD�WR�JHW�OHDUQHUV¶�DWWHQWLRQ�LQ�WKH�ILUVW�SODFH��
UHODWLYHO\� OLWWOH�HYLGHQFH�EDVH� LQ�WKH�HQJLQHHULQJ�HGXFDWLRQ� OLWHUDWXUH�UHYHDOV�LWV�HIIHFW� WR�
VXSSRUW� VWXGHQW� OHDUQLQJ�ZLWK� D� IRFXV� RQ� SURFHVV� DQG� RXWFRPH� 9DULRXV� LQGLFDWRUV� DQG�
LQVWUXPHQWV� WKDW� H[SORUH� WKH� FRQFHSW� RI� OHDUQLQJ� ZHUH� H[DPLQHG� DQG� XVHG� LQ� RUGHU� WR�
DVVHVV� VWXGHQW� OHDUQLQJ�� DPRQJ� WKHP� HQJDJHPHQW� UHIHUV� WR� D� VWXGHQW¶V� SV\FKRORJLFDO�
LQYHVWPHQW� LQ��DQG�HIIRUW�GLUHFWHG� WRZDUG�� OHDUQLQJ �1HZPDQQ� �������6WXGHQWV�ZKR�DUH�
HQJDJHG� ZLWK� LQVWUXFWLRQDO� DFWLYLW\� DUH� PRUH� OLNHO\� WR� OHDUQ�� WR� ILQG� WKH� H[SHULHQFH�
UHZDUGLQJ��WR�JUDGXDWH��DQG�WR�SXUVXH�KLJKHU�HGXFDWLRQ��*RRGODG���������$PRQJ�D�YDULHW\�
RI�LQGLFDWRUV�WR�OHDUQLQJ��VWXGHQWV¶�HQJDJHPHQW�LV�FULWLFDO�WR�VWXGHQW�PRWLYDWLRQ�GXULQJ�WKH�
OHDUQLQJ� SURFHVV�� DQG� WKH� PRWLYDWLRQ� ZLOO� WKHQ� DIIHFW� VWXGHQWV¶� SHUFHSWLRQ� WRZDUG� WKH�
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PDWHULDOV��WHFKQRORJLHV�DQG�WKH�RYHUDOO�LQVWUXFWLRQ��6XWFOLIIH�	�)DUDGD\���������:KLOH�WKH�
PRWLYDWLQJ� VWUDWHJLHV� LQYROYH� GLIIHUHQW� OHYHOV� RI� HQJDJLQJ� �5\DQ�	�'HFL�� ������0ROOHU��
5\DQ�	�'HFL�� ������� HQJDJHPHQW� FDQ� EH� YLHZHG� DV� D� SURPLVLQJ� LQGLFDWRU� WR� UHSUHVHQW�
VWXGHQW� OHDUQLQJ� SURFHVV� DQG� RXWFRPH� 3UHYLRXV� VWXGLHV� LQ� YLGHR�DVVLVWHG� LQVWUXFWLRQV�
KDYH� GRFXPHQWHG� WKH�GLIILFXOWLHV� DQG� VWUXJJOHV� WR� HYDOXDWH�VSHFLILF� XVH� RI� YLGHR� LQ� UHDO�
VHQVH� �%UDFKHU�� &ROOLHU�� 2WWHZLOO�� 	� 6KHSKDUG�� ������ 6KHSKDUG�� ������� 'XH� WR� WKH�
FRPSOH[LW\�LQYROYHG�LQ�UHDO�HGXFDWLRQDO�VHWWLQJV�DQG�WKH�QDWXUH�RI�OHDUQLQJ��LW�LV�QRW�HDV\�
WR�SUHFLVHO\�GHILQH�DQ\�OHDUQLQJ�RXWFRPH�WR�EH�DIIHFWHG�E\�VLQJOH�PHGLD��6XQJ 	�0D\HU��
�������OHW�DORQH�PRVW�YLGHRV�ZHUH�XVHG�LQ�WKH�FRQWH[W�RI�EOHQGHG�OHDUQLQJ��*DUULVRQ��������
3DOPHU��������6KHSKDUG���������7KHUHIRUH� WR�YHULI\ ZKDW�ZRXOG�DIIHFW� VWXGHQW� OHDUQLQJ��
WKLV� VWXG\� DGRSWHG� VHYHUDO� FRQGLWLRQDO� UHDVRQV� WKURXJK� WKH� HGXFDWLRQDO� FRQWH[W� RI�
DSSO\LQJ� 0$,� LQ� JHQHUDO� HQJLQHHULQJ� HGXFDWLRQ� DQG� IXUWKHU� H[SORUHG� WKH� HIIHFWV� RI�
VWXGHQW�HQJDJHPHQW�LQ�PXOWLPHGLD�DVVLVWHG�LQVWUXFWLRQ�DQG�OHDUQLQJ�

�� 0HWKRG

���� &RQWH[W

7KLV� VWXG\�ZDV� LPSOHPHQWHG� LQ�D�JHQHUDO� HQJLQHHULQJ DQG� WHFKQRORJ\ HGXFDWLRQ� FRXUVH�
HQWLWOHG�³6FLHQWLILF�7DLZDQ´�RIIHUHG�E\�D�UHVHDUFK�XQLYHUVLW\�LQ�1RUWKHUQ�7DLZDQ �6HH�)LJ�
��� 7KH�FXUULFXOXP�LV�VSHFLDOO\�GHVLJQHG�IRU�WKH�IRUHLJQ�XQGHUJUDGXDWH�VWXGHQWV�RI�YDULRXV�
PDMRUV�WR�OHDUQ�DERXW�WKH�JHQHUDO�WHFKQRORJLFDO�DQG�LQGXVWULDO�EDFNJURXQG�RI�7DLZDQ��,W�LV�
DQ�HOHFWLYH�FRXUVH�FRPSULVHV����ZHHNV�RI� OHFWXUHV��E\���PDMRU� LQVWUXFWRUV�DQG��� LQYLWHG�
VSHDNHUV�IURP�YDULRXV�GLVFLSOLQHV�DW���XQLYHUVLWLHV�DQG���UHVHDUFK�LQVWLWXWHV�LQ�WRWDO��7KH�
FRQWHQWV� FRYHUHG� VLJQLILFDQW� DFKLHYHPHQWV� LQ� WKH� LQWHJUDWHG� FLUFXLW� LQGXVWU\�� GLVSOD\�
LQGXVWU\��FRPSXWHU�DQG�LQIRUPDWLRQ�WHFKQRORJ\�LQGXVWU\��QDQR�DQG�ELRPHGLFDO�WHFKQRORJ\��
DJULFXOWXUH�DQG�HFRORJLFDO�UHVHDUFK��DQG�WUDGLWLRQDO�LQGXVWU\�WUDQVIRUPDWLRQ�GHYHORSPHQW�
LQ�7DLZDQ��([FHSW�IRU�WKH���ZHHNV�RI�VLWH�YLVLW��HDFK�ZHHN�LQ�WKH�FODVV�PHHWLQJ�RQH�RU�WZR�
WHFKQRORJLFDO� WRSLFV� ZHUH� WDXJKW LQ� OHFWXUHV� DFFRPSDQLHG� E\� D� ���PLQXWH� PXOWLPHGLD�
YLGHR�WKDW�SUHVHQWHG�UHOHYDQW�FRQWHQW�WR�LPSURYH�XQGHUVWDQGLQJ�RI�WKH�LVVXHV��6HH�)LJ� ����
$OO�RI�WKH�YLGHR FOLSV�ZHUH�SUH�PDGH�E\�WKH�LQVWUXFWRUV�ZLWK�(QJOLVK�VXEWLWOHV�DQG�&KLQHVH�
QDUUDWLRQV� $IWHU�HDFK�FODVV��WKHVH�YLGHRV�ZHUH�VWUHDPHG�DQG�SRVWHG�RQ�WKH�FRXUVH�ZHEVLWH�
IRU�VWXGHQWV�WR�UHYLHZ DQ\WLPH �6HH�)LJ� ���

)LJ���� 7KH�XQLYHUVLW\�JHQHUDO�HQJLQHHULQJ�HGXFDWLRQ�FRXUVH�GHVLJQHG�IRU�XQGHUJUDGXDWH�
VWXGHQWV�ZLWK�D�YDULHW\�RI�QDWLRQDOLWLHV
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)LJ���� &ODVV�PHHWLQJ�OHFWXUH�DQG����PLQXWH�PXOWLPHGLD�YLGHR

)LJ���� 7KH�FRXUVH�ZHEVLWH

���� ,QVWUXPHQW

7KH� UHVHDUFKHUV� GHYHORSHG� D� TXHVWLRQQDLUH� LQ� RUGHU� WR� LQYHVWLJDWH� WKH� HIIHFWLYHQHVV� RI�
DSSO\LQJ�PXOWLPHGLD� LQ� VXSSRUW� RI� LQVWUXFWLRQ� DQG� OHDUQLQJ� LQ� WKLV� JHQHUDO� HQJLQHHULQJ�
HGXFDWLRQ� FRXUVH�� 7KH� TXHVWLRQQDLUH� FRPSULVHG� WKUHH� VHFWLRQV�� LQIRUPDWLRQ� RQ� JHQGHU��
QDWLRQDOLW\��DQG�VSHFLDOW\��VWXGHQWV¶�H[SHULHQFH�RI�ZDWFKLQJ�PXOWLPHGLD�YLGHRV�LQ�VXSSRUW�
RI� WKHLU� OHDUQLQJ�� DQG� VWXGHQWV¶� DWWLWXGH� WRZDUG� WKH� PXOWLPHGLD�DVVLVWHG� OHDUQLQJ�
DSSOLFDWLRQ��)RU�WKH�DWWLWXGH�VXUYH\��D���SRLQW�/LNHUW�W\SH�VFDOH�IURP�VWURQJO\�GLVDJUHH�����
WR� VWURQJO\� DJUHH� ����ZDV� DGRSWHG� IRU� HYDOXDWLRQ� �*URYHU�	�9ULHQV�� �������%DVHG� RQ�D�
SUHYLRXV� OLWHUDWXUH� UHYLHZ�� WKLV� VWXG\� GLYLGHG� VWXGHQWV� LQWR� WKUHH� OHDUQLQJ� JURXSV�
DFFRUGLQJ� WR� WKHLU� UHDVRQV� IRU� ZDWFKLQJ� PXOWLPHGLD� YLGHR� DIWHU� FODVV�� 7KHVH� VWXGHQWV�
UHSRUWLQJ� DXWRQRPRXV� UHDVRQV� ZHUH� GHILQHG� DV� SRVLWLYH� OHDUQHUV�� WKRVH� ZKR� UHSRUWHG�
KHWHURQ\PRXV� UHDVRQV�ZHUH� GHILQHG� DV�SDVVLYH� OHDUQHUV�� DQG� WKRVH�ZKR�QHYHU� DFFHVVHG�
WKH�PXOWLPHGLD�YLGHRV�DIWHU�FODVV�ZHUH�FDWHJRUL]HG�LQWR�WKH�JURXS�RI�QRQ�OHDUQLQJ�OHDUQHUV��
7R� HQVXUH� WKH� YDOLGLW\� RI� PHDVXUHPHQW� RI� HQJDJHPHQW�� VXEMHFW� PDWWHU� H[SHUWV RI�
HQJLQHHULQJ� HGXFDWLRQ� ZHUH� LQYLWHG� WR� YDOLGDWH� WKH� LQVWUXPHQW�� 5HOLDELOLW\� RI� WKH�
LQVWUXPHQW�ZDV�DOVR�UHDVRQDEO\�DFFHSWHG��&URQEDFK¶V�DOSKD� ��������

�� 'DWD�FROOHFWLRQ�DQG�DQDO\VLV

7KH�TXHVWLRQQDLUH�ZDV�DGPLQLVWHUHG�WR�DOO�VWXGHQWV�LQ�WKH�ILQDO�FODVV�PHHWLQJ�RI�WKH�FRXUVH��
'HVFULSWLYH�DQG�YDULDQFH�DQDO\VLV�ZHUH�WKHQ�FRQGXFWHG�WR�XQGHUVWDQG�WKH�SKHQRPHQRQ�RI�
PXOWLPHGLD�DVVLVWHG�LQVWUXFWLRQ�
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�� 5HVXOWV

���� 6XEMHFWV

7KH� VXEMHFWV� RI� WKLV� VWXG\� ZHUH� ��� XQGHUJUDGXDWH� VWXGHQWV� UHJLVWHUHG� LQ� WKH� JHQHUDO�
HQJLQHHULQJ� HGXFDWLRQ� FRXUVH� HQWLWOHG� ³6FLHQWLILF� 7DLZDQ�´�7KH� FRXUVH� LV� LQFOXGHG� LQ� D�
VSHFLDO�PLQRU� SURJUDP�� WKH� ³7DLZDQ�5HVHDUFK�$FDGHPLF�3URJUDP´��2I� WKH� ��� VXEMHFWV�
SDUWLFLSDWLQJ�LQ�WKLV�UHVHDUFK�ZLWK�YDOLG�UHWXUQV�RI�TXHVWLRQQDLUHV�����ZHUH�PDOHV���������
DQG���ZHUH�IHPDOHV����������$ERXW�RQH�WKLUG�����VWXGHQWV���������ZHUH�IRUHLJQ�VWXGHQWV�
IURP� D� YDULHW\� RI� FRXQWULHV�� 6WXGHQWV� UHJLVWHUHG� LQ� WKLV� FRXUVH� ZHUH� IURP� GLIIHUHQW�
GHSDUWPHQWV� ZLWK� YDULRXV� PDMRUV�� PRVW� RI� WKHP� ZHUH� VWXG\LQJ� ELR�UHVRXUFHV� DQG�
DJULFXOWXUH�����VWXGHQWV����������IROORZHG�E\�SXEOLF�KHDOWK�����VWXGHQWV����������ODZ�	�
VRFLDO� VFLHQFH� ���� VWXGHQWV�� �������� DQG� HQJLQHHULQJ� ��� VWXGHQWV�� ������� PHGLFLQH� ���
VWXGHQWV���������OLEHUDO�DUWV����VWXGHQWV��������DQG�VFLHQFH����VWXGHQW���������7DEOH����

7DEOH��
%DFNJURXQG�GDWD�RI�WKH�SDUWLFLSDQWV��1 ���

0RUH�WKDQ�RQH�UHVSRQVH�ZDV�DFFHSWDEOH

���� 6WXGHQWV¶�H[SHULHQFHV�RI�ZDWFKLQJ�PXOWLPHGLD�YLGHRV�DIWHU�FODVV

7KHUH�ZHUH� ��� VWXGHQWV� ��������ZKR� UHSRUWHG WKDW� WKH\� QHYHU�ZDWFKHG� WKH�PXOWLPHGLD�
PDWHULDOV�DIWHU�FODVV��)RU�WKH�RWKHU����VWXGHQWV��WKH�UHDVRQV�WKH\�ZDWFKHG�WKH�PXOWLPHGLD�
YLGHRV�DIWHU�FODVV�LQFOXGHG�KDYLQJ�WR�ZULWH�FODVV�UHSRUWV����������EHLQJ�LQWHUHVWHG�LQ�WKH�
OHFWXUH� WRSLFV� ���������ZDQWLQJ� WR� OHDUQ�PRUH� ���������ZDQWLQJ� WR� UHYLHZ� WKH� FRQWHQWV�
OHDUQHG�LQ�FODVV���������DQG�WU\LQJ�WR�FDWFK�XS�LQ�WKH�FODVV���������7KH�UHVHDUFKHUV�IXUWKHU�
VRUWHG�VWXGHQWV�E\�WKHLU�OHDUQLQJ�HQJDJHPHQW�LQ�WHUPV�RI�WKHLU�PXOWLPHGLD�YLGHR�ZDWFKLQJ�
EHKDYLRU��DQG�FDWHJRUL]HG�VWXGHQWV�LQWR�WKUHH�JURXSV�����VWXGHQWV�WKDW�DFWLYHO\�ZDQWHG�WR�
OHDUQ� PRUH� DV� SRVLWLYH� OHDUQHUV�� ��� VWXGHQWV� ZKR� MXVW� ZDQWHG� WR� PHHW� DVVLJQHG�
UHTXLUHPHQWV� DV� SDVVLYH� OHDUQHUV�� DQG� WKRVH� ��� VWXGHQWV� ZKR� QHYHU� ZDWFKHG� WKH�
PXOWLPHGLD� YLGHRV� DIWHU� FODVV� DV� QRQ�OHDUQLQJ� OHDUQHUV�� 7KH� VWXGHQWV� ZHUH� DVNHG� WR�
LGHQWLI\� WKH� WRS� WKUHH� OHFWXUH� WRSLFV� WKDW� WKH\� KDG� HQMR\HG� WKH�PRVW� DIWHU� FODVV��5HVXOWV�
VKRZHG� WKDW� WKH� WRSLFV� RI� YLGHRV� VWXGHQWV� SUHIHUUHG� PRVW�ZHUH� ZLUHOHVV� WHFKQRORJ\� LQ�
7DLZDQ� ���������QDQR� HGXFDWLRQ� DQG� FRUH� IDFLOLWLHV� ���������DQG�DHURVSDFH� WHFKQRORJ\�
DQG�GHIHQVH�WHFKQRORJ\����������7DEOH����

9DULDEOH )UHTXHQF\ 3HUFHQWDJH
*HQGHU
0DOH �� �����
)HPDOH � �����

1DWLRQDOLW\
7DLZDQHVH� �� �����
2WKHU �� �����

6SHFLDOW\
%LR�5HVRXUFH�DQG�$JULFXOWXUH �� �����
3XEOLF�KHDOWK� �� �����
/DZ�	�6RFLDO�6FLHQFH �� �����
(QJLQHHULQJ � ����
0HGLFLQH � ����
/LEHUDO�$UW � ����
6FLHQFH � ����
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7DEOH��
6WXGHQWV¶�H[SHULHQFH�RI�ZDWFKLQJ�PXOWLPHGLD�YLGHRV�DIWHU�FODVV��1 ���

0RUH�WKDQ�RQH�UHVSRQVH�ZDV�DFFHSWDEOH

���� 6WXGHQWV¶�DWWLWXGHV�WRZDUG�PXOWLPHGLD�DVVLVWHG�LQVWUXFWLRQ

:KLOH� WKLV� VWXG\� WULHG� WR� LQYHVWLJDWH� VWXGHQWV¶ DWWLWXGHV� WRZDUG� PXOWLPHGLD�DVVLVWHG�
LQVWUXFWLRQ��UHVXOWV� VKRZHG� WKDW� WKH\�SHUFHLYHG� WKH�PXOWLPHGLD�YLGHR�DV�DEOH� WR� LPSURYH�
WKHLU� XQGHUVWDQGLQJ� RI� WKH� FRQWHQW� �0 ������ 6' ������ DQG� WKH� GHSWK� RI� WKHLU� OHDUQLQJ�
�0 ������6' ������ LQ�WKLV�FRXUVH��7KH\�DOVR�SHUFHLYHG� WKH�PXOWLPHGLD�YLGHR�DV�DEOH�WR�
UDLVH� WKHLU� DZDUHQHVV� RI� OHDUQLQJ� LVVXHV� LQ� WKLV�DUHD� �0 ������ 6�' ������� 6WXGHQWV�DOVR�
UHSRUWHG� WKHLU� SUHIHUHQFH� IRU�PXOWLPHGLD�DVVLVWHG� OHDUQLQJ��7KH\� OLNHG� WKLV� DSSURDFK� RI�
XVLQJ� PXOWLPHGLD� YLGHR� WR� DVVLVW� LQVWUXFWLRQ� DQG� OHDUQLQJ� �0 ������ 6' ������� DQG�
SUHIHUUHG� WKLV� DSSURDFK� RYHU� WUDGLWLRQDO� OHFWXUH�EDVHG� LQVWUXFWLRQ� �0 ������ 6' ��������
0RUHRYHU�� WKH\�ZRXOG� UHFRPPHQG� WKLV� FRXUVH� WR� RWKHU� VWXGHQWV� LQ� WKH� IXWXUH� �0 ������
6' �������� 5HVXOWV� RI� VWXGHQWV¶� DWWLWXGHV� WRZDUG� PXOWLPHGLD�DVVLVWHG� LQVWUXFWLRQ�
FRQILUPHG� WKH� HIIHFWLYHQHVV� RI� XVLQJ� PXOWLPHGLD� YLGHRV� LQ� VXSSRUW� RI� LQVWUXFWLRQ� DQG�
OHDUQLQJ� LQ� WKLV� JHQHUDO� HQJLQHHULQJ� HGXFDWLRQ� FRXUVH�� $OVR�� VWXGHQWV� LQ� WKH� SRVLWLYH�
OHDUQHU� JURXSV� VKRZHG� WKH� KLJKHVW� OHYHOV� RI� DSSUHFLDWLRQ� IRU� PXOWLPHGLD�DVVLVWHG�
LQVWUXFWLRQ�RQ�DOO�LWHPV��6HH�7DEOH���

9DULDEOH )UHTXHQF\ 3HUFHQWDJH
:DWFKLQJ�PXOWLPHGLD�YLGHRV�DIWHU�FODVV

<HV �� �����
1R �� �����

5HDVRQV�IRU�ZDWFKLQJ�PXOWLPHGLD�YLGHRV�DIWHU�FODVV
+DYH�WR�ZULWH�FODVV�UHSRUWV �� �����
,QWHUHVWHG�LQ�WKH�OHFWXUH�WRSLFV �� �����
7R�OHDUQ�PRUH�LQIRUPDWLRQ �� �����
8QDEOH�WR�IROORZ�WKH�FODVV � ����
7R�UHYLHZ�WKH�FRQWHQWV�OHDUQHG�LQ�FODVV � ����

/HDUQLQJ�HQJDJHPHQW�IRU�ZDWFKLQJ�PXOWLPHGLD�YLGHRV
3RVLWLYH�OHDUQHUV �� �����
3DVVLYH�OHDUQHUV �� �����
1RQ�OHDUQLQJ�OHDUQHUV �� �����

7RS� WKUHH� SUHIHUUHG� PXOWLPHGLD� YLGHRV� ZDWFKHG� DIWHU�
FODVV

:LUHOHVV�7HFKQRORJ\�LQ�7DLZDQ �� �����
1DQR�(GXFDWLRQ�	�&RUH�)DFLOLWLHV �� �����
$HURVSDFH�7HFKQRORJ\�	�'HIHQVH�7HFKQRORJ\ �� �����
(FR�*ULG�RI�7DLZDQ �� �����
)ORRG�3UHYHQWLRQ�DQG�'LVDVWHU�0LWLJDWLRQ �� �����
'LJLWDO�$UFKLYHV �� �����
6HPLFRQGXFWRU�,QGXVWU\��62&��1'/��,75& �� �����
/LJKW�	�(OHFWULFLW\ �� �����
*UHHQ�(QHUJ\ �� �����
$JULFXOWXUH�7HFKQRORJ\�	�,QWHUQHW�0HGLFDUH � ����
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7DEOH��
$WWLWXGHV�WRZDUG�PXOWLPHGLD�DVVLVWHG�LQVWUXFWLRQ�DPRQJ�WKH�WKUHH�OHDUQLQJ�JURXSV

���� 6WXGHQWV¶� OHDUQLQJ� HQJDJHPHQW� RQ� WKHLU� DWWLWXGHV� WRZDUGV� PXOWLPHGLD�
DVVLVWHG�OHDUQLQJ

5HVXOWV�RI� WKH�VWXG\�VKRZHG� WKDW�SRVLWLYH� OHDUQHUV� �0 ������KDG�PRUH�SRVLWLYH�DWWLWXGHV�
WRZDUG�PXOWLPHGLD�DVVLVWHG� OHDUQLQJ� WKDQ� SDVVLYH� OHDUQHUV� �0 ������ DQG� WKRVH� VWXGHQWV�
ZKR� QHYHU� ZDWFKHG� WKH� PXOWLPHGLD� YLGHR� DIWHU� FODVV� �0 ������� ,Q� RUGHU� WR� H[DPLQH�
ZKHWKHU� VWXGHQWV¶� OHDUQLQJ� HQJDJHPHQW� LQ� ZDWFKLQJ� YLGHRV� DIWHU� FODVV� ZRXOG� KDYH� DQ�
LPSDFW� RQ� WKHLU� DWWLWXGHV� WRZDUG� PXOWLPHGLD�DVVLVWHG OHDUQLQJ�� WKLV� VWXG\� IXUWKHU�
FRQGXFWHG�RQH�ZD\�$129$�DQDO\VLV�DW�WKH������OHYHO�WR�WHVW�WKH�HIIHFW��5HVXOWV�UHYHDOHG�
WKDW�VRPH�RI�WKH�LWHPV�GLG�VKRZ�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�WKH�WKUHH�OHDUQLQJ�JURXSV�
�SRVLWLYH��SDVVLYH��DQG�QRQ�OHDUQLQJ���LQGLFDWLQJ�WKDW�WKLV�DSSURDFK�FDQ�LPSURYH�WKH�GHSWK�
RI�WKHLU�OHDUQLQJ�LQ�WKLV�FRXUVH�

7R�IXUWKHU�H[DPLQH�WKH�GLIIHUHQFHV�DPRQJ�WKH�WKUHH�JURXSV��6FKpIIp¶V�PHWKRG�ZDV�
FRQGXFWHG� DV� WKH� SRVW� KRF� FRPSDULVRQ� PHWKRG�� 5HVXOWV� RI� DQDO\VLV� VKRZHG� WKDW� WKH�
SRVLWLYH�OHDUQLQJ�VWXGHQWV�RI�WKH�IRUPHU�JURXS�KDG�D�JUHDWHU�SHUFHSWLRQ�RI�PXOWLPHGLD�DV�
DEOH� WR� LPSURYH� WKH� GHSWK� RI� WKHLU� OHDUQLQJ� LQ� WKLV� FRXUVH� WKDQ� VWXGHQWV� ZKR� QHYHU�
ZDWFKHG�PXOWLPHGLD�YLGHRV�DIWHU�FODVV��7DEOH����

$OVR� VWXGHQWV¶� QDWLRQDOLWLHV� DQG� WKHLU� JHQHUDO� DWWLWXGHV� WRZDUG� WKH� PXOWLPHGLD�
DVVLVWHG� OHDUQLQJ� ZHUH� FRPSDUHG� WR� OHDUQ� LI� WKH� QDUUDWLYH� YLVXDOL]DWLRQ� KHOS� IRUHLJQ�
VWXGHQW�GHYHORS�EHWWHU�FRPSUHKHQVLRQ��+RZHYHU��LW�ZDV�IRXQG�WKDW�WKH�GRPHVWLF�VWXGHQWV�
JHQHUDOO\� PDGH� KLJKHU� DSSUDLVDO� WRZDUG� WKH� YLGHR� RQ� WKHLU� OHDUQLQJ� WKDQ� IRUHLJQ� RQHV��
DOEHLW�RI�QR�VLJQLILFDQW�GLIIHUHQFH��7DEOH�����,W�ZDV�SRVVLEO\�GXH�WR�WKH�IDFW�WKDW�WKH�YLGHR�
FOLSV� ZHUH� VXEWLWOHG� LQ� (QJOLVK� EXW� QDUUDWHG� LQ� &KLQHVH�� ZKLFK� PLJKW� YLRODWH� IRUHLJQ�

,WHPV
3RVLWLYH�
OHDUQHU

3DVVLYH�
OHDUQHU

1RQ�
OHDUQLQJ�
OHDUQHUV

$//

0 6�'� 0 6�'� 0 6�'� 0 6�'�
LPSURYH�XQGHUVWDQGLQJ�RI�
FRQWHQWV ���� ���� ���� ���� ���� ���� ���� ����

DURXVH�DZDUHQHVV�RI�
OHDUQLQJ�LVVXHV ���� ���� ���� ���� ���� ���� ���� ����

LPSURYH�WKH�GHSWK�RI�
OHDUQLQJ ���� ���� ���� ���� ���� ����

���� ����

OLNH�PXOWLPHGLD�WR�DVVLVW�
LQVWUXFWLRQ�DQG�OHDUQLQJ�
DSSURDFK

���� ���� ���� ���� ���� ���� ���� ����

PXOWLPHGLD�LV�EHWWHU�WKDQ�
WUDGLWLRQDO�LQVWUXFWLRQ ���� ���� ���� ���� ���� ���� ���� ����

ZLOO�UHFRPPHQG�WKLV�
FRXUVH�WR�P\�FODVVPDWHV ���� ���� ���� ���� ���� ���� ���� ����

7KLV�FRXUVH�PRWLYDWHV�P\�
LQWHUHVWV�RI�OHDUQLQJ� ���� ���� ���� ���� ���� ���� ���� ����

*HQHUDOO\�VSHDNLQJ��WKH�
OHDUQLQJ�LQ�WKLV�FRXUVH�LV�
PHDQLQJIXO�DQG�XVHIXO�

���� ���� ���� ���� ���� ���� ���� ����

*HQHUDOO\�VSHDNLQJ��WKLV�
LV�DQ�HIIHFWLYH�FRXUVH� ���� ���� ���� ���� ���� ���� ���� ����



.QRZOHGJH�0DQDJHPHQW�	 (�/HDUQLQJ��$Q�,QWHUQDWLRQDO�-RXUQDO��9RO����1R��� ���

VWXGHQWV¶� OHDUQLQJ� VW\OHV�� DQG� UHVXOWHG� LQ� WKH� ORZ� DSSUDLVDO� WRZDUG� WKH� PXOWLPHGLD�
PDWHULDOV�

7DEOH��
$129$�WDEOH�IRU�VWXGHQWV¶�PRWLYDWLRQ�RQ�DWWLWXGHV�WRZDUG�PXOWLPHGLD�DVVLVWHG�OHDUQLQJ

,WHPV 6RXUFHV 66 06 ) 3 3RVW�
KRF�WHVW

LPSURYH�
XQGHUVWDQGLQJ�RI�
FRQWHQWV

%HWZHHQ�*URXSV ����� ����� ����� �����
:LWKLQ�*URXSV ������ �����

7RWDO ������

DURXVH�DZDUHQHVV�
RI�OHDUQLQJ�LVVXHV

%HWZHHQ�*URXSV ����� ����� ����� �����

:LWKLQ�*URXSV ������ �����

7RWDO ������

LPSURYH�WKH�GHSWK�
RI�OHDUQLQJ

%HWZHHQ�*URXSV ����� ����� ����� �����
3RVLWLYH�
!�1RQH:LWKLQ�*URXSV ������ �����

7RWDO ������
OLNH�PXOWLPHGLD�
WR�DVVLVW�
LQVWUXFWLRQ�DQG�
OHDUQLQJ�DSSURDFK

%HWZHHQ�*URXSV ����� ����� ����� �����
:LWKLQ�*URXSV ������ �����

7RWDO ������

PXOWLPHGLD�LV�
EHWWHU�WKDQ�
WUDGLWLRQDO�
LQVWUXFWLRQ

%HWZHHQ�*URXSV ����� ����� ����� �����
:LWKLQ�*URXSV ������ �����

7RWDO ������

ZLOO�UHFRPPHQG�
WKLV�FRXUVH�WR�P\�
FODVVPDWHV

%HWZHHQ�*URXSV ����� ����� ����� �����
:LWKLQ�*URXSV ������ �����

7RWDO ������
S�����

7DEOH��
&RPSDULVRQ EHWZHHQ�GRPHVWLF�DQG�IRUHLJQ�VWXGHQWV¶�DWWLWXGH�WRZDUG�PXOWLPHGLD�DVVLVWHG�
OHDUQLQJ

'RPHVWLF )RUHLJQ

0HDQV 6�'� 0HDQV 6�'�

7KLV�FRXUVH�PRWLYDWHV�P\�LQWHUHVWV�RI�OHDUQLQJ� ���� ���� ���� ����
*HQHUDOO\�VSHDNLQJ��WKH�OHDUQLQJ�LQ�WKLV�FRXUVH�LV�PHDQLQJIXO�
DQG�XVHIXO� ���� ���� ���� ����

*HQHUDOO\�VSHDNLQJ��WKLV�LV�DQ�HIIHFWLYH�FRXUVH� ���� ���� ���� ����

LPSURYH�XQGHUVWDQGLQJ�RI�FRQWHQWV ���� ���� ���� ����

DURXVH�DZDUHQHVV�RI�OHDUQLQJ�LVVXHV ���� ���� ���� ����
LPSURYH�WKH�GHSWK�RI�OHDUQLQJ ���� ���� ���� ����
OLNH�PXOWLPHGLD�WR�DVVLVW�LQVWUXFWLRQ�DQG�OHDUQLQJ�DSSURDFK ���� ���� ���� ����
PXOWLPHGLD�LV�EHWWHU�WKDQ�WUDGLWLRQDO�LQVWUXFWLRQ ���� ���� ���� ����
ZLOO�UHFRPPHQG�WKLV�FRXUVH�WR�P\�FODVVPDWHV ���� ���� ���� ����
S�����
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�� &RQFOXVLRQV

7KLV� VWXG\� LQWHQGHG� WR� H[SORUH� WKH� HIIHFWLYHQHVV� RI� DSSO\LQJ� PXOWLPHGLD� LQ� D� JHQHUDO�
HQJLQHHULQJ� DQG� WHFKQRORJ\ HGXFDWLRQ� FRXUVH� LQ� VXSSRUW� RI� VWXGHQWV¶� OHDUQLQJ�� 5HVXOWV�
VKRZHG�WKDW�VWXGHQWV�WKRXJKW�WKH�PXOWLPHGLD�FRXOG�KHOS�WKHP�WR�LPSURYH�WKHLU�OHDUQLQJ�LQ
JHQHUDO� DQG� LQ� VSHFLILF� OHDUQLQJ� LVVXHV�� ZKLFK� DOVR� FRQILUPHG� WKH� SUHYLRXV� OLWHUDWXUH�
�&DLUQFURVV� 	 0DQQLRQ�� ������ *LDQQRWWL� 	 *DOOHWWL�� ������ +|KQH� 	� +HQNHO�� ������
.DUWDP� 	� $O�5HVKDLG�� ������ 0XWKDUDVDQ HW� DO��� ������� ZKLFK� LQGLFDWHG� WKDW� DSSO\LQJ�
PXOWLPHGLD�WR�DVVLVW�OHDUQLQJ�FRXOG�KHOS�VWXGHQWV�WR�OHDUQ�WKH�PDWHULDOV��7KH�LQWURGXFWRU\�
FRXUVH� LQWURGXFHG� WKH� WHFKQRORJ\� DQG� VFLHQFH� GHYHORSPHQWV� LQ� 7DLZDQ�� VXFK� DV� WKH�
LQWHJUDWHG� FLUFXLW� LQGXVWU\�� GLVSOD\� LQGXVWU\�� FRPSXWHU� DQG� LQIRUPDWLRQ� WHFKQRORJ\�
LQGXVWU\�� QDQR� DQG� ELRPHGLFDO� WHFKQRORJ\�� DJULFXOWXUH� DQG� HFRORJLFDO� UHVHDUFK�� DQG�
WUDGLWLRQDO� LQGXVWU\� WUDQVIRUPDWLRQ� GHYHORSPHQW�� 7KH� WKUHH� WRSLFV� WKDW� WKH� VWXGHQWV�
VKRZHG� WKH� KLJKHVW� SUHIHUHQFH� IRU� ZHUH� ³:LUHOHVV� 7HFKQRORJ\� LQ� 7DLZDQ´�� ³1DQR�
(GXFDWLRQ� DQG� &RUH� )DFLOLWLHV´�� DQG� ³$HURVSDFH� WHFKQRORJ\� DQG� GHIHQVH� WHFKQRORJ\´��
$FFRUGLQJ� WR� %DGUDQ ��������PXOWLPHGLD�PDWHULDOV� VKRXOG� UDLVH� OHDUQHUV¶� DZDUHQHVV� LQ�
FHUWDLQ�DVSHFWV��7KH�SUHIHUHQFH�IRU�UHODWHG�LVVXHV�PLJKW�OHDG�VWXGHQWV�WR�IXUWKHU�VWXG\�RQ�
WKRVH�LVVXHV�LQ�WKHLU�ODWHU�DFDGHPLF�VWXG\��$V�IRU�WKH�HIIHFWLYHQHVV�RI�DSSO\LQJ�PXOWLPHGLD�
PDWHULDOV� LQ� VXSSRUW� RI� WKHLU� OHDUQLQJ�� WKH� VWXGHQWV� DOO� OLNHG� WKLV� 0$,� DSSURDFK�� DQG�
SUHIHUUHG� WKLV� DSSURDFK� RYHU� WUDGLWLRQDO� LQVWUXFWLRQ�� 6WXGHQWV� DOVR� VWDWHG� WKDW� LW� ZRXOG�
LQFUHDVH�WKHLU�ZLOOLQJQHVV�WR�UHFRPPHQG�WKLV�FRXUVH�WR�SHHUV�

:LWK� IXUWKHU� DQDO\VLV�� WKLV� VWXG\� DOVR� IRXQG� WKDW� VWXGHQWV¶� GHJUHH� RI� OHDUQLQJ�
HQJDJHPHQW�FDXVHG�YDULDQFH�LQ�WKHLU�SHUFHSWLRQ�RI�WKH�KHOSIXOQHVV�RI�PXOWLPHGLD�DVVLVWHG�
OHDUQLQJ�LQ�WKH�FRXUVH��6WXGHQWV�ZKR�ZRXOG�DFWLYHO\�UHYLHZ�PXOWLPHGLD�YLGHRV�DIWHU�FODVV�
VKRZHG�KLJKHU�DSSUHFLDWLRQ�IRU�WKLV�PXOWLPHGLD�DVVLVWHG�LQVWUXFWLRQ��,W�ZRXOG�FRQILUP�WKH�
SUHYLRXV�OLWHUDWXUH�WKDW�WKH�PRUH�VWXGHQWV�DUH�PRWLYDWHG�WR�OHDUQ��WKH�PRUH�OLNHO\�WKH\�DUH�
WR� SHUFHLYH� WKH� HIIHFWLYHQHVV� RI� LQVWUXFWLRQDO� WHFKQRORJ\� �+XQW HW� DO�� ������.LNXFKL�	�
.HQMR�� ������ 0DE\ HW� DO�� ������ 1RUWFOLIIH� 	� 0LGGOHWRQ�� ������ 6XWFOLIIH� 	� )DUDGD\��
������� 7KH� UHVXOWV� RI� WKLV� VWXG\� DOVR� VKRZHG�� EDVHG� RQ� GLIIHUHQW� GHJUHHV� RI� OHDUQLQJ�
HQJDJHPHQW�� D� VLJQLILFDQW� GLIIHUHQFH� DPRQJ� WKH� WKUHH� JURXSV� LQ� KRZ�PXFK�PXOWLPHGLD�
YLGHR� FRXOG� KHOS� LPSURYH� WKHLU� OHDUQLQJ�� 7KH� UHVHDUFKHUV� WKHUHIRUH� SURSRVH� WKDW�
HQJLQHHULQJ� HGXFDWRUV� VKRXOG� EH� DZDUH� RI� WKH� HIIHFW� RI� SRVLWLYH� VWXGHQW� HQJDJHPHQW� RQ�
DWWLWXGH�WRZDUG�OHDUQLQJ��DQG�VKRXOG�GHVLJQ�PRUH�FRPSOHPHQWDU\�OHDUQLQJ�DFWLYLWLHV�VXFK�
DV�PXOWLPHGLD� DVVLVWHG� LQVWUXFWLRQ�� RQOLQH� OHDUQLQJ� DVVLJQPHQW� DV� ZHOO� DV� FROODERUDWLYH
WHDPZRUN�DVVLJQPHQWV��ZKLFK�ZRXOG�KHOS�HQJDJHPHQW�VWXGHQWV�PRUH�LQ�GHHSHU�OHDUQLQJ�

$V�D�FDVH�VWXG\��DOEHLW�LPSRUWDQW�UHVXOWV�ZHUH�IRXQG�DQG�FRQILUPHG�E\�WKLV�VWXG\��
LW�VKRXOG�EH�QRWLFHG�WKDW�ZLWKLQ�OLPLWHG�WLPH�DQG�HWKLFDO�DSSURYDO�WR�FROOHFW�VWXGHQW�GDWD�
DIWHU� FODVV�� WKH� TXDOLWDWLYH� LQSXWV� RI� VWXGHQWV�ZHUH� QRW� LQFOXGHG� LQ� WKH� FXUUHQW� VWXG\� ,W�
PLJKW�UHVXOW�LQ�D�QDUURZLQJ�RI�WKH�JHQHUDOL]DELOLW\�RI�WKH�VWXG\��KRZHYHU�LW�GLG�KLJKOLJKW�
WKH�QHHG�RI�IXWXUH�ZRUN�ZKHQ�XQGHUWDNLQJ�HGXFDWLRQ�UHVHDUFK��,W�LV�VXJJHVWHG�WKDW�H[FHSW�
IRU�IRFXVLQJ�RQ�WKH�VSHFLILF�FRQFHSW�RI�OHDUQLQJ�HIIHFWLYHQHVV�VXFK�DV�HQJDJHPHQW�LQ�WKLV�
VWXG\��IXWXUH�VWXGLHV�FRXOG�LQFOXGH�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�HYDOXDWLRQV�WR�UHYHDO�
EHWWHU�HPSLULFDO�HYLGHQFH�WKDW�VKRZ�VWXGHQWV¶�FKDUDFWHULVWLFV�LQ�OHDUQLQJ�ZLWK�PXOWLPHGLD��
VXFK�DV�OHDUQLQJ�VW\OHV��DELOLWLHV��DQG�ODQJXDJH�SURILFLHQF\��HVSHFLDOO\�IRU�D�K\EULG�FODVV�RI�
LQWHUQDWLRQDO�VWXGHQWV��,W�LV�H[SHFWHG�WKDW�WKH�UHVXOWV�RI�WKLV�VWXG\�VKRXOG�FRQWULEXWH�WR�ERWK�
HQJLQHHULQJ�DQG�WHFKQRORJ\�HGXFDWLRQ�SUDFWLFH�DQG�IXWXUH�UHVHDUFK�
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$FNQRZOHGJHPHQWV

7KH� ZRUN� GHVFULEHG� LQ� WKLV� SDSHU� ZDV� VXSSRUWHG� E\� D JUDQW� IURP� 7DLZDQ¶V� 1DWLRQDO�
6FLHQFH�&RXQFLO��16&���������6����������16&���������6���������10��

5HIHUHQFHV

%DGUDQ��$����������3URPRWLQJ�FOHDQ�WHFKQRORJ\� WKURXJK�WKH�XVH�RI�PXOWLPHGLD� OHDUQLQJ�
PDWHULDO�LQ�HQYLURQPHQWDO�HQJLQHHULQJ��(XURSHDQ�-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ��
����������±����

%HQJX�� *��� 	� 6ZDUW�� :�� �������� $� FRPSXWHU�DLGHG�� WRWDO� TXDOLW\� DSSURDFK� WR�
PDQXIDFWXULQJ� HGXFDWLRQ� LQ� HQJLQHHULQJ�� ,(((� 7UDQVDFWLRQV� RQ� (GXFDWLRQ�� �������
���±�����

%RPDQ�� -��� 	� 2OVVRQ�� 0�� �������� $� PXOWLPHGLD� JXLGH� WR� WKH LQIRUPDWLRQ� MXQJOH��
(XURSHDQ�-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ������������±�����

%RXUQH�� -��� +DUULV�� '���	�0D\DGDV�� )�� �������� 2QOLQH� HQJLQHHULQJ� HGXFDWLRQ�� /HDUQLQJ�
DQ\ZKHUH��DQ\WLPH��-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ�����������±����

%UDFKHU��0���&ROOLHU�� 5���2WWHZLOO��5���	�6KHSKDUG��.�� ��������$FFHVVLQJ�DQG� HQJDJLQJ�
ZLWK� YLGHR� VWUHDPV� IRU� HGXFDWLRQDO� SXUSRVHV�� H[SHULHQFHV�� LVVXHV� DQG� FRQFHUQV��
5HVHDUFK�LQ�/HDUQLQJ�7HFKQRORJ\������������±����

%ULQJVOLG�� 2�� �������� 0XOWLPHGLD� ERRNV� LQ� WKH� PDWKHPDWLFDO� HGXFDWLRQ� RI� HQJLQHHUV��
(XURSHDQ�-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ������������±�����

&DLUQFURVV�� 6��� 	� 0DQQLRQ�� 0�� �������� +RZ� PXOWLPHGLD� IXQFWLRQV� LQ� HQJLQHHULQJ�
HGXFDWLRQ� (QJLQHHULQJ�6FLHQFH�	�(GXFDWLRQ�-RXUQDO�����������±����

)HOGHU��5��0���	�6LOYHUPDQ��/��.�� ��������/HDUQLQJ� DQG� WHDFKLQJ� VW\OHV� LQ� HQJLQHHULQJ�
HGXFDWLRQ��(QJLQHHULQJ�(GXFDWLRQ������������±����

*DUULVRQ��:����������9LGHR�VWUHDPLQJ�LQWR�WKH�PDLQVWUHDP��-RXUQDO�RI�$XGLRYLVXDO�0HGLD�
LQ�0HGLFLQH������������±����

*LDQQRWWL��(���	�*DOOHWWL��&�� ��������$Q�DSSURDFK� EDVHG� RQ� VLPXODWLRQ�DQG�K\SHUPHGLD�
WHFKQRORJ\� WR� D� QHZ� FRXUVHZDUH� LQ� PHFKDQLFV� RI� PDFKLQHV�� (XURSHDQ� -RXUQDO� RI�
(QJLQHHULQJ�(GXFDWLRQ������������±�����

*RRGODG�� -�� ,�� �������� $� SODFH� FDOOHG� VFKRRO�� 3URVSHFWV� IRU� WKH� IXWXUH�� 1HZ� <RUN��
0F*UDZ�+LOO�

*URYHU��5�� 	�9ULHQV��0�� ��������7KH� KDQGERRN� RI� PDUNHWLQJ� UHVHDUFK��8VHV�� PLVXVHV�
DQG�IXWXUH�DGYDQFHV��6$*(�3XEOLFDWLRQV��,QF�

+|KQH�� *��� 	� +HQNHO�� 9�� �������� $SSOLFDWLRQ� RI� PXOWLPHGLD� LQ� HQJLQHHULQJ� GHVLJQ�
HGXFDWLRQ��(XURSHDQ�-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ�����������±����

+XQW�� $��� +RZDUG�� '�� 0��� .LUN�� 5��� $VK�� .��� 	� 7\UUHOO�� $�� 0�� �������� ,QWHUDFWLYH�
PXOWLPHGLD� V\VWHPV� IRU� HQJLQHHULQJ� HGXFDWLRQ� LQ� DFRXVWLFV�� V\QWKHVLV� DQG� VLJQDO�
SURFHVVLQJ��(XURSHDQ�-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ�����������±����

.DUWDP�� 1��� 	� $O�5HVKDLG�� .�� �������� 'HVLJQ� DQG� LPSOHPHQWDWLRQ� RI� ZHE�EDVHG�
PXOWLPHGLD� WHFKQLTXHV� IRU� FRQVWUXFWLRQ� HGXFDWLRQ�� ,QWHUQDWLRQDO� -RXUQDO� RI�
(QJLQHHULQJ�(GXFDWLRQ������������±�����

.LNXFKL��7���	�.HQMR��7����������'HYHORSLQJ�PXOWLPHGLD�WUDLQLQJ PDWHULDOV�IRU�XVH�ZLWK�
VPDOO� URERW� FRQWUROV� DW� &KXEX� SRO\WHFKQLF� FHQWHU� LQ� -DSDQ�� ,(((� 7UDQVDFWLRQV� RQ�
(GXFDWLRQ������������±�����

/DQJ��-��'���&UXVH��6���0F9H\��)��'���	�0F0DVWHUV��-����������,QGXVWU\�H[SHFWDWLRQV�RI�
QHZ� HQJLQHHUV�� $� VXUYH\� WR� DVVLVW� FXUULFXOXP� GHVLJQHUV�� -RXUQDO� RI� (QJLQHHULQJ�
(GXFDWLRQ�����������±����

/DXULOODUG��'����������5HWKLQNLQJ�XQLYHUVLW\�WHDFKLQJ��/RQGRQ��5RXWOHGJH�
0DE\��(��:���&DUOVRQ��$��%���&RQQRU��.��$���-HQQLQJV��:��&���	�6FKRFK��3��0����������$�
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VWXGLR�IRUPDW�IRU�LQQRYDWLYH�SHGDJRJ\�LQ�FLUFXLWV�DQG�HOHFWURQLFV��3URFHHGLQJV�RI�WKH�
��WK�$QQXDO�)URQWLHUV�LQ�(GXFDWLRQ�&RQIHUHQFH��7HDFKLQJ�DQG�/HDUQLQJ�LQ�DQ�(UD�RI�
&KDQJH���������±������

0DKDMDQ��$���0F'RQDOG��'���	�:DOZRUWK��0����������*HQHUDO�HQJLQHHULQJ�HGXFDWLRQ�IRU�
QRQ�HQJLQHHULQJ� VWXGHQWV�� 3URFHHGLQJV� RI� WKH� ��WK� $QQXDO� )URQWLHUV� LQ� (GXFDWLRQ�
&RQIHUHQFH���� ����±�����

0DU[�� 5�� '��� 	� )URVW�� 3�� -�� �������� 7RZDUG� RSWLPDO� XVH� RI� YLGHR� LQ� PDQDJHPHQW�
HGXFDWLRQ��H[DPLQJ�WKH�HYLGHQFH��-RXUQDO�RI�0DQDJHPHQW�'HYHORSPHQW������������±
�����

0D\HU��5��(����������0XOWLPHGLD�OHDUQLQJ��1HZ�<RUN��&DPEULGJH�8QLYHUVLW\�3UHVV�
0LWFKHOO��'����������'LJLWL]LQJ�YLGHR��7KH�-RXUQDO�RI�3K\VLFDO�(GXFDWLRQ��5HFUHDWLRQ�DQG�

'DQFH�����������±����
0ROOHU��$��&���5\DQ��5��0���	�'HFL��(��/����������6HOI�GHWHUPLQDWLRQ�WKHRU\�DQG�SXEOLF�

SROLF\��,PSURYLQJ�WKH�TXDOLW\�RI�FRQVXPHU�GHFLVLRQV�ZLWKRXW�XVLQJ�FRHUFLRQ��-RXUQDO�
RI�3XEOLF�3ROLF\�	�0DUNHWLQJ������������±�����

0XWKDUDVDQ�� 5��� 0DJHH�� :��� :KHDWOH\�� 0��� 	� /HH�� <�� �������� 0XOWLPHGLD� DVVLVWHG�
LQVWUXFWLRQ� LQ� XSSHU� OHYHO� HQJLQHHULQJ� FRXUVHV�� 3URFHHGLQJV� RI� WKH� ��WK� $QQXDO�
)URQWLHUV�LQ�(GXFDWLRQ�&RQIHUHQFH���� ����±�����

1HZPDQQ��)��0�� ��������6WXGHQW�HQJDJHPHQW� DQG� DFKLHYHPHQW� LQ�$PHULFDQ� VHFRQGDU\�
VFKRROV��1HZ�<RUN��7HDFKHUV�&ROOHJH�3UHVV�

1RUWFOLIIH��$���	�0LGGOHWRQ��$����������$�WKUHH�\HDU�FDVH�VWXG\�RI�XVLQJ�DXGLR�WR�EOHQG�
WKH�HQJLQHHU¶V�OHDUQLQJ�HQYLURQPHQW��(QJLQHHULQJ�(GXFDWLRQ����������±���

3DOPHU�� 6�� �������� $Q� HYDOXDWLRQ� RI� VWUHDPLQJ� GLJLWDO� YLGHR� UHVRXUFHV� LQ� RQ� DQG� RII�
FDPSXV�HQJLQHHULQJ�PDQDJHPHQW�HGXFDWLRQ��&RPSXWHUV�	 (GXFDWLRQ���������������±
�����

5DMX��3��.���6DQNDU]��&��6���	�;XH��<����������$�FXUULFXOXP�WR�HQKDQFH�GHFLVLRQ�PDNLQJ�
VNLOOV� RI� WHFKQLFDO� SHUVRQQHO� ZRUNLQJ� LQ� WHDPV�� (XURSHDQ� -RXUQDO� RI� (QJLQHHULQJ�
(GXFDWLRQ������������±�����

5\DQ��5��0���	�'HFL��(��/����������,QWULQVLF�DQG�H[WULQVLF�PRWLYDWLRQ��&ODVVLF�GHILQLWLRQV�
DQG�QHZ�GLUHFWLRQV��&RQWHPSRUDU\�(GXFDWLRQDO�3V\FKRORJ\��������±����

6FKRGRUI�� -��%���<RGHU��0��$���	�0F&OHOODQ��+�� ��������8VLQJ�PXOWLPHGLD�WR� WHDFK�WKH�
WKHRU\� RI� GLJLWDO�PXOWLPHGLD� VLJQDOV�� ,(((� 7UDQVDFWLRQV� RQ� (GXFDWLRQ�� ������� ���±
�����

6KHSKDUG��.����������4XHVWLRQLQJ��SURPRWLQJ�DQG�HYDOXDWLQJ�WKH�XVH�RI�VWUHDPLQJ�YLGHR�
WR�VXSSRUW� VWXGHQW� OHDUQLQJ��%ULWLVK�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\������������±
����

6XWFOLIIH��$��*�� 	�)DUDGD\��3����������'HVLJQLQJ�SUHVHQWDWLRQ�LQ�PXOWLPHGLD�LQWHUIDFHV��
3URFHHGLQJV� RI� WKH� 6,*&+,� FRQIHUHQFH� RQ� +XPDQ� IDFWRUV� LQ� FRPSXWLQJ� V\VWHPV��
FHOHEUDWLQJ�LQWHUGHSHQGHQFH����±���

6XQJ�� (���	�0D\HU�� 5�(�� ��������:KHQ� JUDSKLFV� LPSURYH� OLNLQJ� EXW� QRW� OHDUQLQJ� IURP�
RQOLQH�OHVVRQV��&RPSXWHUV�LQ�+XPDQ�%HKDYLRU�������������±������

7HR�� <� +��� 	� &KDL�� &�� 6�� �������� 6FDIIROGLQJ� RQOLQH� FROODERUDWLYH� FULWLTXLQJ� IRU�
HGXFDWLRQDO� YLGHR� SURGXFWLRQ�� .QRZOHGJH� 0DQDJHPHQW� 	� (�/HDUQLQJ�� $Q�
,QWHUQDWLRQDO�-RXUQDO����������±���

:LVKDUW��-���	�%OHDVH��'����������7KHRULHV�XQGHUO\LQJ�SHUFHLYHG�FKDQJHV�LQ�WHDFKLQJ�DQG�
OHDUQLQJ�DIWHU�LQVWDOOLQJ�D�FRPSXWHU�QHWZRUN�LQ�D�VHFRQGDU\�VFKRRO��%ULWLVK�-RXUQDO�RI�
(GXFDWLRQDO�7HFKQRORJ\�����������±����

<XHK�� +��3��� 	� 6KHHQ�� +��-�� �������� 'HYHORSLQJ� H[SHULHQWLDO� OHDUQLQJ� ZLWK� D� FRKRUW�
EOHQGHG�ODERUDWRU\�WUDLQLQJ�LQ�QDQR�ELR�HQJLQHHULQJ�HGXFDWLRQ��,QWHUQDWLRQDO�-RXUQDO�
RI�(QJLQHHULQJ�(GXFDWLRQ������������±����

9LHZ�SXEOLFDWLRQ�VWDWV9LHZ�SXEOLFDWLRQ�VWDWV


