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�
8VH�RI�(FKR����JHQHUDWHG�PDWHULDOV�DQG�LWV�LPSDFW�RQ�
FODVV�DWWHQGDQFH�
�
-LDQJDQJ�)HL� � ��
'HSDUWPHQW�RI�0DULWLPH�DQG�/RJLVWLFV��1DWLRQDO�&HQWUH�IRU�3RUWV�DQG�6KLSSLQJ�
$XVWUDOLDQ�0DULWLPH�&ROOHJH��8QLYHUVLW\�RI�7DVPDQLD�
&DUH\�0DWKHU� � ��
6FKRRO�RI�1XUVLQJ�	�0LGZLIHU\�
8QLYHUVLW\�RI�7DVPDQLD�
6KDQGHOO�(OPHU� � ��
6FKRRO�RI�1XUVLQJ�	�0LGZLIHU\�
8QLYHUVLW\�RI�7DVPDQLD�
&KULVWRSKHU�$OODQ� � ��
8QLYHUVLW\�RI�7DVPDQLD�
&KULVWRSKHU�&KLQ� � ��
1DWLRQDO�&HQWUH�IRU�0DULWLPH�(QJLQHHULQJ�	�+\GURG\QDPLFV�
$XVWUDOLDQ�0DULWLPH�&ROOHJH��8QLYHUVLW\�RI�7DVPDQLD�
/HDK�&KDQGOHU�� ��
8QLYHUVLW\�RI�7DVPDQLD�
�

(FKR����OHFWXUH�FDSWXUH�V\VWHP�KDV�EHFRPH�ZLGHO\�XVHG�LQ�$XVWUDOLDQ�XQLYHUVLWLHV��+RZHYHU��
WKHUH�DUH�FRQFHUQV�DERXW�KRZ�(FKR����JHQHUDWHG�PDWHULDOV�DUH�XVHG�E\�VWXGHQWV�DQG�WKH�HIIHFWV�RI�
LWV�XVH�RQ�VWXGHQW�OHDUQLQJ��7KH�SDSHU�GUDZV�RQ�GDWD�IURP�DQ�LQWHU�GLVFLSOLQDU\�SURMHFW�WKDW�DLPHG�
WR�LQYHVWLJDWH�WKH�UROH�RI�(FKR����OHFWXUH�FDSWXUH�V\VWHP�RQ�OHDUQLQJ�DQG�WHDFKLQJ�DW�WKH�
8QLYHUVLW\�RI�7DVPDQLD��,QLWLDO�ILQGLQJV�VKRZHG�WKDW�WKH�PDMRULW\�RI�UHVSRQGHQWV�XVHG�(FKR����
JHQHUDWHG�PDWHULDOV�WR�KHOS�WKHP�EHWWHU�XQGHUVWDQG�IDFH�WR�IDFH�OHFWXUHV��UHYLHZ�QRWHV��SUHSDUH�IRU�
DVVLJQPHQWV�DQG�H[DPLQDWLRQV��UDWKHU�WKDQ�XVLQJ�WKH�PDWHULDOV�DV�DQ�DOWHUQDWLYH�WR�DWWHQGLQJ�
OHFWXUHV��&RQWUDU\�WR�VRPH�SXEOLVKHG�ILQGLQJV��WKLV�VWXG\�IRXQG�WKDW�WKH�DYDLODELOLW\�RI�(FKR����
JHQHUDWHG�PDWHULDOV�GLG�QRW�QHFHVVDU\�UHVXOW�LQ�ORZ�FODVV�DWWHQGDQFH��2YHU����SHU�FHQW�RI�
UHVSRQGHQWV�VWLOO�FRQVLGHUHG�IDFH�WR�IDFH�OHFWXUHV�WR�EH�RI�KLJK�YDOXH�DQG�DWWHQGDQFH�ZDV�QHFHVVDU\�
WR�SURPRWH�WKHLU�OHDUQLQJ��
�
.H\ZRUGV��(FKR�����OHFWXUH�FDSWXUH��SHUVRQDO�FDSWXUH��FODVV�DWWHQGDQFH��
�

,QWURGXFWLRQ�
�
7KHUH�KDV�EHHQ�LQFUHDVLQJ�LQWHUHVW�DPRQJVW�OHFWXUHUV�DW�$XVWUDOLDQ�XQLYHUVLWLHV�WR�H[SORUH�ZD\V�RI�LPSURYLQJ�
WHDFKLQJ�HIILFLHQF\�DQG�OHDUQLQJ�RXWFRPHV��7KH�DYDLODELOLW\�RI�WHFKQRORJ\�VXFK�DV�(FKR����OHFWXUH�FDSWXUH�
V\VWHP�KDV�SURYLGHG�D�SODWIRUP�IRU�WUDQVIRUPLQJ�OHDUQLQJ�ZLWKLQ�KLJKHU�HGXFDWLRQ��+RZHYHU��WKHUH�LV�D�ODFN�RI�
HPSLULFDO�HYLGHQFH�LQ�UHODWLRQ�WR��D��WKH�SRVVLEOH�FRUUHODWLRQV�EHWZHHQ�WKH�XVH�RI�WHFKQRORJ\�LQLWLDWHG��RU�
HQKDQFHG��PHWKRGV�DQG�VWXGHQW�SHUIRUPDQFH��E��WKH�LPSDFWV�RI�XVLQJ�WHFKQRORJ\��H�J��OHFWXUH�FDSWXUH��RQ�FODVV�
DWWHQGDQFH�DQG�VWXGHQWV¶�SHUIRUPDQFH��DQG�F��WKH�SRWHQWLDO�EHQHILWV�EURXJKW�E\�WHFKQRORJ\�GULYHQ�LQLWLDWLYHV�RQ�
WKH�RUJDQLVDWLRQ�DQG�GHOLYHU\�RI�FRXUVH�PDWHULDOV�LQ�PRUH�HIILFLHQW�DQG�HIIHFWLYH�ZD\V��&RQVHTXHQWO\��VRPH�
OHFWXUHUV�DUH�UHOXFWDQW�WR�HPEUDFH�WHFKQRORJ\�GULYHQ�LQLWLDWLYHV�VXFK�DV�(FKR�����7KHUH�LV�SDUWLFXODU�LQWHUHVW�LQ�
WKH�XVH�RI�WHFKQRORJ\�GULYHQ�LQLWLDWLYHV�ZKHQ�OHDUQLQJ�DQG�WHDFKLQJ�DFWLYLWLHV�LQYROYH�RQ�FDPSXV�DQG�GLVWDQFH�
VWXGHQWV�WKDW�KDYH�GLIIHUHQW�OHDUQLQJ�QHHGV���
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�
7KLV�SDSHU�SUHVHQWV�ILQGLQJV�IURP�DQ�LQWHUGLVFLSOLQDU\�SURMHFW��LQYHVWLJDWLQJ�WKH�WUDQVIRUPDWLYH�UROH�RI�(FKR����
OHFWXUH�FDSWXUH�V\VWHP�PDWHULDOV�RQ�OHDUQLQJ�DQG�WHDFKLQJ��DW�WKH�8QLYHUVLW\�RI�7DVPDQLD��:KLOH�WKH�SURMHFW�
LQWHQGV�WR�DGGUHVV�DOO�WKUHH�DVSHFWV��WKLV�SDSHU�DLPV�WR�DGGUHVV�KRZ�VWXGHQWV�XVH�(FKR����JHQHUDWHG�PDWHULDOV�
DQG�KRZ�WKH�DYDLODELOLW\�RI�VXFK�PDWHULDOV�DIIHFWV�VWXGHQW�DWWHQGDQFH���
�
(FKR����JHQHUDWHG�PDWHULDOV�DQG�FODVV�DWWHQGDQFH�
�
(FKR����OHFWXUH�FDSWXUH�V\VWHP�SURYLGHV�IRXU�UHFRUGLQJ�FKRLFHV�EDVHG�RQ�WKH�FXUULFXOXP��LQVWUXFWRU�SUHIHUHQFH�
DQG�WKH�WHFKQLFDO�FRPSOH[LW\�RI�WKH�YHQXH�EHLQJ�FDSWXUHG��FDSWXUH�DSSOLDQFH��FODVVURRP�FDSWXUH��SHUVRQDO�
FDSWXUH��DQG�PHGLD�LPSRUW��7KH�WZR�PRVW�FRPPRQ�FKRLFHV�LQ�$XVWUDOLDQ�XQLYHUVLWLHV�DUH�DXWRPDWHG�OHFWXUH�
FDSWXUH�XVLQJ�WKH�FDSWXUH�DSSOLDQFH��OHFWXUH�FDSWXUH��LQ�(FKR����HQDEOHG�YHQXHV�DQG�SHUVRQDO�FDSWXUH�DW�DQ\�
FRPSXWHU�XVLQJ�(FKR����SHUVRQDO�FDSWXUH�VRIWZDUH�DQG�WKH�XVH�RI�D�KHDGSKRQH�ZLWK�D�VSHDNHU��1DWLRQDOO\��PRUH�
WKDQ����SHU�FHQW�RI�$XVWUDOLDQ�XQLYHUVLWLHV�KDYH�XVHG�(FKR����VRIWZDUH�LQ�WKHLU�OHFWXUH�WKHDWUHV�DQG�FODVVURRPV��
PDQ\�FDSWXULQJ�RYHU�������KRXUV�RI�OHFWXUHV�HDFK�ZHHN��1HW6SRW���������)RU�H[DPSOH��WKH�8QLYHUVLW\�RI�
7DVPDQLD�KDV����(FKR����HQDEOHG�YHQXHV��7KH�8QLYHUVLW\�RI�4XHHQVODQG��RIIHUV�(FKR�����OHFWXUH�FDSWXUH�
V\VWHPV�LQ�YHQXHV�ZLWK�D�FDSDFLW\�RI�RYHU�����VWXGHQWV��
�
(GXFDWLRQDO�WHFKQRORJLHV�VXFK�DV�(FKR����OHFWXUH�FDSWXUH�V\VWHP�SURYLGHV�VWXGHQWV�ZLWK�DQ�HDV\�RSWLRQ�WR�
DFFHVV�FRXUVH�PDWHULDOV�RQOLQH�IURP�DQ\ZKHUH�DQG�DW�DQ\�WLPH��+RZHYHU��WKHUH�DUH�FRQFHUQV�IURP�DFDGHPLFV�WKDW�
HDV\�DFFHVV�WR�FDSWXUHG�OHFWXUHV�ZLOO�FUHDWH�DEVHQWHHLVP�DQG�GHFUHDVH�FRQWHQW�OHDUQLQJ��6WHZDUW��HW�DO����������
)RU�H[DPSOH���0DVVLQJKDP�DQG�+HUULQJWRQ��������DVVHUW�LW�LV�QRW�WKH�HGXFDWLRQDO�WHFKQRORJLHV�DQG�WKH�PDWHULDOV�
JHQHUDWHG�E\�WKH�WHFKQRORJLHV�WKDW�KDYH�LQWURGXFHG�DEVHQWHHLVP��UDWKHU�WKH�FKDUDFWHU�RI�VWXGHQWV�KDV�PXFK�PRUH�
LQIOXHQFH�RYHU�DEVHQWHHLVP��0DUN��9RJHO�DQG�:RQJ��������VXJJHVW�WKDW�XVLQJ�(FKR����GRHV�QRW�QHFHVVDULO\�
HQFRXUDJH�WUXDQF\�DPRQJ�VWXGHQWV�EXW�UDWKHU�PRWLYDWHV�WKHP�WRZDUGV�UHYLVLRQ�RI�FRXUVH�PDWHULDOV��7KH�
DFFHVVLELOLW\�DQG�IOH[LELOLW\�RIIHUHG�E\�(FKR����JHQHUDWHG�PDWHULDOV�WR�VWXGHQWV�LV�ZKDW�PDNHV�UHYLVLRQ�HDV\���
0RVW�VWXGHQWV�DSSUHFLDWH�DFFHVV�WR�OHFWXUH�FDSWXULQJ�WHFKQRORJLHV��0F1HLOO�HW�DO���������3KLOOLSV��������
KRZHYHU��VWDWHV�WKDW�UHDGLO\�DYDLODEOH�OHDUQLQJ�PDWHULDOV�JHQHUDWHG�E\�XVLQJ�(FKR����V\VWHP�PD\�OHDG�WR�
FUDPPLQJ��D�FRQGLWLRQ�ZKHUH�VWXGHQWV�RQO\�UHYLVH�WKHLU�FRXUVH�PDWHULDOV�DW�WKH�ODWWHU�VWDJH�ZKHQ�H[DPLQDWLRQ�RU�
DVVHVVPHQW�WLPH�LV�DSSURDFKLQJ��6RPH�VWXGHQWV�PD\�QRW�UHYLVH�WKH�FDSWXUHG�OHFWXUH�PDWHULDOV�DW�DOO��3KLOLSV�
�������'DYLHV�DQG�+DUGPDQ��������ILQG�WKDW�WKH�PRVW�FRPPRQ�UHDVRQV�IRU�WKLV�SKHQRPHQRQ�LQFOXGH�
SUHRFFXSDWLRQ�E\�VWXGHQWV�ZLWK�RWKHU�FRPPLWPHQWV��D�ODFN�RI�DZDUHQHVV�RI�LWV�DYDLODELOLW\��DQG�XQIDPLOLDULW\�
ZLWK�WHFKQRORJ\��7KXV��WKH�UHODWLRQVKLS�EHWZHHQ�UHDG\�DFFHVV�WR�FRXUVH�PDWHULDOV�RXWVLGH�RI�WKH�FODVVURRP�DQG�
FODVVURRP�DWWHQGDQFH�DSSHDUV�WR�EH�LQIOXHQFHG�E\�VWXGHQWV¶�SUHIHUHQFHV�DQG�EHKDYLRXU���
�
(FKR����OHFWXUH�FDSWXUH�V\VWHP�DQG�RWKHU�HGXFDWLRQDO�WHFKQRORJLHV�ZLWK�VLPLODU�IHDWXUHV�PDNHV�FODVVURRP�
SURFHHGLQJV�DYDLODEOH�WR�VWXGHQWV�RQOLQH��:LOOLDPV�	�)DUGRQ��������7KLV�LV�SDUWLFXODUO\�DGYDQWDJHRXV�WR�
VWXGHQWV�ZKR�QHHG�WR�PHHW�YDULRXV�FRPPLWPHQWV�LQ�UHODWLRQ�WR�HPSOR\PHQW��KHDOWK�DV�ZHOO�DV�FKLOGFDUH�LVVXHV�
WKDW�UHGXFH�WKH�RSSRUWXQLW\�WR�DWWHQG�FODVV�UHJXODUO\��9DMRF]NL��:DWW�	�)HQWRQ��������7KH�XVH�RI�(FKR����LV�
DGYDQWDJHRXV�WR�ERWK�VWXGHQWV�DQG�OHFWXUHUV�DV�WKH\�UHVSHFWLYHO\�UHO\�RQ�LW�WR�LPSURYH�DFFHVV�DQG�HQDEOH�UHYLVLRQ�
RSSRUWXQLWLHV��7KLV�LQFUHDVHG�DFFHVVLELOLW\�PD\�DOVR�LQFUHDVH�WHDFKLQJ�TXDOLW\��0DUN��9RJHO�	�:RQJ���������
�
6RPH�QHJDWLYH�LQIOXHQFHV�RQ�OHDUQLQJ�DQG�WHDFKLQJ�EHKDYLRXUV�WKDW�PD\�KDYH�UHVXOWHG�IURP�WKH�XVH�RI�(FKR����
KDYH�EHHQ�LGHQWLILHG�LQ�OLWHUDWXUH��0DUN��9RJHO�DQG�:RQJ��������UHSRUW�WKDW�WKH�XVH�RI�(FKR����PD\�OHDG�WR�
UHGXFHG�FODVVURRP�LQWHUDFWLRQV��HVSHFLDOO\�DPRQJ�VK\�VWXGHQWV��7KH�OLWHUDWXUH�UHYHDOV�WKDW�VWXGHQWV�PD\�DGRSW�
GLIIHUHQW�OHDUQLQJ�SDWWHUQV�LQ�UHODWLRQ�WR�KRZ�WKH\�XVH�PDWHULDOV�JHQHUDWHG�IURP�OHFWXUH�FDSWXULQJ�HGXFDWLRQDO�
WHFKQRORJLHV�VXFK�DV�(FKR�����7KH�ZRUN�RI�3KLOOLSV�HW�DO���������SURYLGHV�WHQ�FDWHJRULHV�RI�EHKDYLRXUV�WKDW�
VWXGHQWV�PD\�H[KLELW�WRZDUGV�WKH�XVH�RI�HOHFWURQLF�OHDUQLQJ�HQYLURQPHQWV�WKDW�UHO\�RQ�OHFWXUH�FDSWXULQJ�
WHFKQRORJLHV��:LWK�WKH�HPHUJHQFH�RI�HGXFDWLRQDO�WHFKQRORJLHV�VXFK�DV�(FKR�����WKH�EHKDYLRXU�RI�QRQ�
DWWHQGDQFH�PD\�LQHYLWDEO\�LQFUHDVH��+HQFH��0DVVLQJKDP�DQG�+HUULQJWRQ��������FRQFOXGHG�WKDW�WKH�IRFXV�RI�
HGXFDWRUV�VKRXOG�EH�RQ�KRZ�WR�KDUQHVV�H[LVWLQJ�WHFKQRORJLHV�WR�LPSURYH�WKH�OHDUQLQJ�DQG�WHDFKLQJ�EHKDYLRXUV�RI�
VWDNHKROGHUV��UDWKHU�WKDQ�LQFUHDVLQJ�DWWHQGDQFH��7KH�SDSHU�LQWHQGV�WR�DQVZHU�WKHVH�WZR�TXHVWLRQV����

L�� :KDW�ZHUH�WKH�SXUSRVHV�RI�VWXGHQWV�XVLQJ�(FKR����JHQHUDWHG�PDWHULDOV"��
LL�� 7R�ZKDW�H[WHQW�GLG�VWXGHQWV�UHO\�RQ�(FKR����JHQHUDWHG�PDWHULDOV�ZLWK�UHIHUHQFH�WR�FODVV�DWWHQGDQFH"�

�
0HWKRGRORJ\��UHVXOWV�DQG�GLVFXVVLRQ�
�
$�TXHVWLRQQDLUH�FRQVLVWLQJ�RI�ILYH�SDUWV�ZDV�GHVLJQHG�WR�DGGUHVV�WKH�REMHFWLYHV�RI�WKH�SURMHFW��)LQGLQJV�SUHVHQWHG�
DUH�GHULYHG�IURP�3DUW�$�RI�WKLV�TXHVWLRQQDLUH��7KH�VXUYH\�ZDV�SXEOLVKHG�RQOLQH�WR�WDNH�DGYDQWDJH�RI�RQOLQH�
VXUYH\��:ULJKW��������$Q�LQYLWDWLRQ�ZDV�VHQW�WR�VWXGHQWV�HQUROOHG�LQ�ILYH�XQLWV�DFURVV�PXOWLSOH�GLVFLSOLQHV�DW�
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8QLYHUVLW\�RI�7DVPDQLD�LQFOXGLQJ�PDQDJHPHQW��HQJLQHHULQJ��DQG�QXUVLQJ��7KH�WRWDO�QXPEHU�RI�VWXGHQWV�HQUROOHG�
LQ�WKHVH�ILYH�XQLWV�ZDV�����ZLWK�ERWK�RQ�FDPSXV�DQG�GLVWDQFH�VWXG\������YDOLG�UHVSRQVHV�ZHUH�UHFHLYHG�
UHSUHVHQWLQJ����SHU�FHQW�UHVSRQVH�UDWH��6366��Y�����ZDV�XVHG�WR�SHUIRUP�WKH�VWDWLVWLFDO�DQDO\VLV���
�
$V�SUHVHQWHG�LQ�7DEOH����DPRQJ�WKH�QLQH�OLVWHG�SXUSRVHV�RI�XVLQJ�(FKR����JHQHUDWHG�PDWHULDOV��UHYLVH�DQG�
SUHSDUH�IRU�H[DPLQDWLRQV��$������UHSOD\�DQG�UHYLVH�NH\�FRQFHSWV�WKDW�ZHUH�WRR�GLIILFXOW�WR�JUDVS�GXULQJ�FODVV�
VHVVLRQV��$������JDWKHU�LQIRUPDWLRQ�IRU�DVVLJQPHQWV��$������DQG�UHYLVH�QRWHV�WKDW�ZHUH�PDGH�LQ�FODVVHV��$�����
ZHUH�WKH�KLJKHVW�UDWHG�ZLWK�RYHU�����RI�DJUHHPHQW��$FTXLUH�SUHVHQWDWLRQ�VNLOOV��$�����DQG�ZDQW�WR�H[SHULHQFH�
ZKDW�D�UHDO�FODVV�IHHOV�OLNH��$�����ZHUH�UDQNHG�DPRQJ�WKH�WZR�ORZHVW�ZLWK�������DQG��������RI�DJUHHPHQW�
DPRQJ�UHVSRQGHQWV��)RU�FODVV�H[SHULHQFH��WKH�UHDVRQ�IRU�WKH�ORZ�DJUHHPHQW�PD\�EH�DWWULEXWHG�WR�WKH�ORZ�
SHUFHQWDJH�RI�SDUWLFLSDWLRQ�E\�GLVWDQFH�VWXGHQWV�LQ�WKH�VXUYH\��DV�WKH�TXHVWLRQ�ZDV�LQWHQGHG�WR�FROOHFW�YLHZV�IURP�
WKRVH�ZKR�GR�QRW�KDYH�IDFH�WR�IDFH�LQWHUDFWLRQV�ZLWK�OHFWXUHUV���

�
7DEOH����3XUSRVHV�RI�XVLQJ�(FKR����JHQHUDWHG�PDWHULDOV�

�
,WHP� 6'� '� 1� $� 6$� ���$	6$�
$����5HYLVH�DQG�SUHSDUH�IRU�H[DPLQDWLRQV� �� �� ��� ���� ��� �����
$����5HSOD\�DQG�UHYLVH�NH\�FRQFHSWV�� �� �� ��� ���� ��� �����
$����*DWKHU�LQIRUPDWLRQ�IRU�DVVLJQPHQWV� �� �� ��� ���� ��� �����
$����5HYLVH�QRWHV�WKDW�ZHUH�PDGH�LQ�FODVVHV� �� �� ��� ���� ��� �����
$����&RYHU�XS�IRU�PLVVHG�OHFWXUHV�GXH�WR�RWKHU�FRPPLWPHQWV� ��� ��� ��� ��� ��� �����
$����$V�DQ�DOWHUQDWLYH�WR�WUDGLWLRQDO�SK\VLFDO�OHFWXUH�DWWHQGDQFH� ��� ��� ��� ��� ��� �����
$����&ROOHFW�IHHGEDFN�JLYHQ�E\�OHFWXUHUV�RQ�DVVHVVPHQWV� ��� ��� ��� ��� ��� �����
$����$FTXLUH�SUHVHQWDWLRQ�VNLOOV� ��� ��� ��� ��� ��� �����
$����:DQW�WR�H[SHULHQFH�ZKDW�D�UHDO�FODVV�IHHOV�OLNH� ��� ��� ��� ��� ��� �����
6'��VWURQJ�GLVDJUHH��'��GLVDJUHH��1��QHLWKHU�DJUHH�QRU�GLVDJUHH��$��DJUHH��6$��VWURQJO\�DJUHH����$�	�6$��WRWDO�SHUFHQWDJH�RI�DJUHH�DQG�
VWURQJO\�DJUHH�

7DEOH����&ODVV�DWWHQGDQFH�DQG�WKH�XVH�RI�(FKR����JHQHUDWHG�PDWHULDOV�
�

9DULDEOH� )UHTXHQF\� ��
$����5HO\�RQO\�RQ�WUDGLWLRQDO�OHFWXUHV�ZLWKRXW�XVLQJ�(FKR����PDWHULDOV� ��� �����
$����5HO\�RQ�ERWK�WUDGLWLRQDO�OHFWXUHV�DQG�(FKR����PDWHULDOV� ���� �����
$����5HO\�RQ�RQO\�(FKR����PDWHULDOV�ZLWKRXW�DWWHQGLQJ�OHFWXUHV� ��� �����
$����5HO\�RQ�QHLWKHU�WUDGLWLRQDO�OHFWXUHV�QRU�(FKR����PDWHULDOV� �� ����
7RWDO� ���� ������

�
7DEOH����3RVW�+RF�7HVWV�RI�WKH�XVH�RI�(FKR����PDWHULDOV�DQG�FODVV�DWWHQGDQFH�

�
'HSHQGHQW�YDULDEOH� ,QGHSHQGHQW�YDULDEOHV� 0�'LI� 6WG��(UU� 6LJ��

$����5HYLVH�DQG�
SUHSDUH�IRU�
H[DPLQDWLRQV�

5HO\�RQO\�RQ�WUDGLWLRQDO�
OHFWXUHV�ZLWKRXW�XVLQJ�
(FKR����PDWHULDOV�

5HO\�RQ�ERWK�WUDGLWLRQDO�DQG�
(FKR����PDWHULDOV� �������� ������� �����

5HO\�RQO\�RQ�(FKR����PDWHULDOV�
ZLWKRXW�DWWHQGLQJ�OHFWXUHV� �������� ������� �����

$����*DWKHU�
LQIRUPDWLRQ�IRU�
DVVLJQPHQWV�

5HO\�RQO\�RQ�WUDGLWLRQDO�
OHFWXUHV�ZLWKRXW�XVLQJ�
(FKR����PDWHULDOV�

5HO\�RQ�ERWK�WUDGLWLRQDO�DQG�
(FKR����PDWHULDOV� �������� ������� �����

5HO\�RQO\�RQ�(FKR����PDWHULDOV�
ZLWKRXW�DWWHQGLQJ�OHFWXUHV� �������� ������� �����

$����$V�DQ�
DOWHUQDWLYH�WR�
WUDGLWLRQDO�SK\VLFDO�
OHFWXUH�DWWHQGDQFH�

5HO\�RQO\�RQ�WUDGLWLRQDO�
OHFWXUHV�ZLWKRXW�XVLQJ�
(FKR����PDWHULDOV�

5HO\�RQ�ERWK�WUDGLWLRQDO�DQG�
(FKR����PDWHULDOV�� �������� ������� �����

5HO\�RQO\�RQ�(FKR����PDWHULDOV�
ZLWKRXW�DWWHQGLQJ�OHFWXUHV� ��������� ������� �����

5HO\�RQ�ERWK�WUDGLWLRQDO�
DQG�(FKR����PDWHULDOV�

5HO\�RQO\�RQ�(FKR����PDWHULDOV�
ZLWKRXW�DWWHQGLQJ�OHFWXUHV� ������� ������� �����

�
$V�IRU�WKH�SRVVLEOH�HIIHFWV�RI�(FKR����PDWHULDOV�RQ�FODVV�DWWHQGDQFH��D�PDMRULW\�RI�VWXGHQWV�GLG�QRW�VROHO\�UHO\�
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