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�

)RU�WKH�SDVW�GHFDGH��HGXFDWRUV�KDYH�SDUWLFLSDWHG�LQ�YLUWXDO�ZRUOG�WHDFKLQJ��0DQXNDX�,QVWLWXWH�RI�
7HFKQRORJ\�HQWHUHG�WKH�YLUWXDO�ZRUOG�RI�6HFRQG�/LIH�LQ�������6LQFH�WKHQ�IRXQGDWLRQ�RU�EULGJLQJ�
VWXGHQWV�KDYH�UHSHDWHGO\�GHPRQVWUDWHG�VNLOO�GHYHORSPHQW�DQG�NQRZOHGJH�DFTXLVLWLRQ�WKURXJK�WKH�
XWLOL]DWLRQ�RI�YLUWXDO�ZRUOG�UHVRXUFHV��$�FKDQJH�LQ�WKH�ZD\�WKH�IRXQGDWLRQ�FXUULFXOXP�LV�GHOLYHUHG�
KDV�WDNHQ�SODFH�RYHU�WKH�ODVW�WZR�DQG�D�KDOI�\HDUV�ZLWK�D�VZLWFK�WR�SURMHFW�EDVHG�GHOLYHU\��$�
9LUWXDO�:RUOG�&OXE�ZDV�VWDUWHG�WR�VXSSRUW�VWXGHQWV�LQ�WKHLU�SURMHFW�ZRUN���2YHU�WKH�SDVW�\HDU��WKH�
FOXE�KDV�DWWUDFWHG�DWWHQWLRQ�IURP�VWXGHQWV�DQG�OHFWXUHUV�WKDW�KDV�OHG�WR�D�PRUH�ZLGHVSUHDG�DGRSWLRQ�
RI�WKH�XVH�RI�YLUWXDO�ZRUOGV��3ODQV�DUH�XQGHUZD\�WR�EULQJ�0,7�VWXGHQWV�LQWR�DOWHUQDWLYH�ZRUOGV��DQG�
UHFHQW�WHFKQLFDO�DGYDQFHV�ZLOO�EH�DQ�LQWHJUDO�SDUW�RI�WKH�GLUHFWLRQ�0,7�ZLOO�WDNH�LQ�IXWXUH�\HDUV��
�
.H\ZRUGV��YLUWXDO�ZRUOGV��6HFRQG�/LIH��IRXQGDWLRQ��EULGJLQJ��HQDEOLQJ�HGXFDWLRQ��SURMHFW�EDVHG�
GHOLYHU\�
�

,QWURGXFWLRQ�
�
0DQXNDX�,QVWLWXWH�RI�7HFKQRORJ\��0,7��LQ�6RXWK�$XFNODQG��1HZ�=HDODQG��HQWHUHG�WKH�ILHOG�RI�YLUWXDO�ZRUOG�
WHDFKLQJ�LQ�������7KH�HQWU\�SRLQW�ZDV�ZLWK�WKH�6HFRQG�/LIH�(GXFDWLRQ�1HZ�=HDODQG��6/(1=��IRXQGDWLRQ�
SURMHFW��+HDUQV�	�.HOO\���������7KH�YDOXH�RI�YLUWXDO�ZRUOG�WHDFKLQJ�DQG�WUDLQLQJ�ZDV�VKRZQ�LQ�D�VLJQLILFDQW�
LPSURYHPHQW�LQ�UHDO�OLIH�LQWHUYLHZ�DVVHVVPHQWV�IROORZLQJ�WUDLQLQJ�LQ�WKH�YLUWXDO�ZRUOG�RI�6HFRQG�/LIH��+HDUQV��
�������,Q�������0,7�6FKRRO�RI�)RXQGDWLRQ�6WXGLHV�FKDQJHG�WR�D�SURMHFW�EDVHG�V\VWHP�RI�FXUULFXOXP�GHOLYHU\��
7KH�XVH�RI�YLUWXDO�ZRUOGV�FRQWLQXHG��$�9LUWXDO�:RUOG�&OXE�FRPPHQFHG�LQ�6HPHVWHU����������WR�SURYLGH�VXSSRUW�
IRU�VWXGHQWV�LQ�WKHLU�FODVV�SURMHFWV��7KH�ZRUN�GRQH�LQ�WKH�9:&�KDV�HQFRXUDJHG�DQ�LQFUHDVHG�XVH�RI�YLUWXDO�ZRUOG�
UHVRXUFHV��
�
7KLV�UHSRUW�ZLOO�RXWOLQH�WKH�SDVW��SUHVHQW��DQG�IXWXUH�XVH�RI�YLUWXDO�ZRUOGV�IRU�HGXFDWLRQ��WKHQ�H[DPLQH�IRXQGDWLRQ�
RU�EULGJLQJ�HGXFDWLRQ�DQG�KRZ�YLUWXDO�ZRUOGV�FDQ�EH�XVHG�WR�VXSSRUW�SURMHFW�EDVHG�GHOLYHU\�LQ�D�IRXQGDWLRQ�
VWXGLHV�RU�EULGJLQJ�SURJUDPPH��7KH�DFWLYLWLHV�DQG�LQIOXHQFH�RI�WKH�9LUWXDO�:RUOG�&OXE�ZLOO�EH�H[DPLQHG�
WRJHWKHU�ZLWK�D�EULHI�ORRN�LQWR�WKH�IXWXUH�RI�YLUWXDO�ZRUOG�HGXFDWLRQ�DW�0,7��
�
9LUWXDO�ZRUOGV�±�SDVW��SUHVHQW�DQG�IXWXUH�
�
9LUWXDO�ZRUOGV�DUH��'�HQYLURQPHQWV�WKDW�VKDUH�FRPPRQ�IHDWXUHV��WKH\�DUH�SHUVLVWHQW��LPPHUVLYH��DQG�VFDODEOH���$�
YLUWXDO�ZRUOG�LV�SRSXODWHG�ZLWK�PXOWLSOH�VLPXOWDQHRXV�SDUWLFLSDQWV�ZKR�DUH�VRFLDO�EHLQJV�DQG�FDQ�FRPPXQLFDWH�
ZLWK�HDFK�RWKHU�WKURXJK�WH[W�RU�YRLFH�FKDW��3DUWLFLSDQWV�UHSUHVHQW�WKHPVHOYHV�DV�DYDWDUV�LQ�WKH�YLUWXDO�VSDFH��
³$YDWDU´�FRPHV�IURP�WKH�6DQVNULW�ZRUG�IRU��D�IRUP�RI�VHOI��DQG�LV�D�FRPSXWHU�XVHU
V�VHOI�UHSUHVHQWDWLRQ�RU�DOWHU�
HJR��3DSS���������%DUWOH��������FKDUDFWHUL]HG�YLUWXDO�ZRUOGV�DV�³SODFHV�ZKHUH�WKH�LPDJLQDU\�PHHWV�WKH�UHDO´�
LQGLFDWLQJ�WKH�EDODQFH�WKDW�GHVLJQHUV�WU\�WR�DFKLHYH�EHWZHHQ�UHDOLW\�DQG�IDQWDV\�LQ�WKH�YLUWXDO�HQYLURQPHQW��
9LUWXDO�ZRUOGV�KDYH�DOVR�EHHQ�UHIHUUHG�WR�DV�0XOWL�8VHU�9LUWXDO�(QYLURQPHQWV��089(V��RU�0DVVLYHO\�
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0XOWLSOD\HU�9LUWXDO�:RUOGV��009:V���
�
)RU�PDQ\�\HDUV�6HFRQG�/LIH��6/���GHYHORSHG�E\�/LQGHQ�/DEV�DQG�ODXQFKHG�RQ�-XQH�����������ZDV�WKH�PDLQ�
YLUWXDO�ZRUOG�XVHG�E\�HGXFDWRUV��7KH�HQWKXVLDVP�IRU�WKH�XVH�RI�YLUWXDO�ZRUOGV��DQG�6/�LQ�SDUWLFXODU��UHDFKHG�LWV�
SHDN�IURP������WR�������%\�������WKHUH�ZHUH�KXQGUHGV�RI�OHDGLQJ�XQLYHUVLWLHV�DQG�LQVWLWXWLRQV�DURXQG�WKH�ZRUOG�
XVLQJ�6HFRQG�/LIH�DV�D�SDUW�RI�WKHLU�HGXFDWLRQDO�SURJUDPV��9LUWXDO�(QYLURQPHQWV�(QDEOH�1HZ�0RGHOV�RI�
/HDUQLQJ��������SDUD������)ROORZLQJ�WKH�GHFLVLRQ�RI�/LQGHQ�/DEV�WR�DEDQGRQ�GLVFRXQWV�IRU�HGXFDWRUV��WKHUH�ZDV�D�
PRYHPHQW�RXW�RI�6HFRQG�/LIH�DQG�LQWR�2SHQ6LP�DQG�RWKHU�DOWHUQDWLYH�SODWIRUPV��
�
7KH�QXPEHUV�RI�YLUWXDO�ZRUOGV�LV�VWLOO�JURZLQJ�VWHDGLO\��DV�WKH�UDQJH�LQ�W\SHV�RI�YLUWXDO�ZRUOGV�DOVR�LQFUHDVHV��
5HFHQW�WUHQGV�LQGLFDWH�WKDW�DFFHVVLELOLW\�WR�YLUWXDO�ZRUOGV�ZLOO�DFFHOHUDWH�LQ�WKH�IXWXUH�ZLWK�WHFKQRORJ\�VXFK�DV�
VLP�RQ�D�VWLFN��+D[��������������ZHE�EDVHG�KWPO��ZLWK�D�FDQYDV�HOHPHQW�WKDW�HQDEOHV��'��+D[��������3DXO��
�������DQG�YLUWXDO�ZRUOG�PRELOH�DSSV�IRU�VPDUW�SKRQHV�DQG�L3DG��7D\ORU��������7ULHU��������3URWRQ0HGLD��
�������+XQGUHGV�RI�SXEOLFO\�DFFHVVLEOH�YLUWXDO�ZRUOGV�H[LVW��$ULDQH%��������DQG�FRPSDQLHV�VXFK�DV�)RUWHUUD�
6\VWHPV�EXLOG�PDQ\�SULYDWH�ZRUOGV�IRU�EXVLQHVVHV�DQG�WKH�PLOLWDU\��,Q�D�UHFHQW�VXUYH\��*UHJRU\�HW�DO�������������
9LUWXDO�:RUOGV�:RUNLQJ�*URXS��9::*��HGXFDWRUV�IURP����$XVWUDOLDQ�DQG�1HZ�=HDODQG�XQLYHUVLWLHV�DQG�
WHFKQLFDO�LQVWLWXWHV��UHSRUWHG�WKDW�6/�UHPDLQV�WKH�PRVW�FRPPRQ�YLUWXDO�ZRUOG�LQ�XVH��������+RZHYHU��RQO\�D�IHZ�
LQVWLWXWLRQV�������UHO\�RQ�6/�DORQH��
�
)RXQGDWLRQ�HGXFDWLRQ�DQG�SURMHFW�EDVHG�GHOLYHU\�
�
)RXQGDWLRQ�HGXFDWLRQ��DOVR�UHIHUUHG�WR�DV�EULGJLQJ�RU�HQDEOLQJ�HGXFDWLRQ��LV�DLPHG�DW�VWXGHQWV�ZKR�KDYH�D�VWURQJ�
GHVLUH�WR�SDWKZD\�LQWR�WHUWLDU\�HGXFDWLRQ�EXW�GR�QRW�KDYH�WKH�SUHUHTXLVLWH�VNLOOV�RU�NQRZOHGJH��0LGGOHWRQ��������
VWDWHG�WKDW�WKH�DLP�RI�IRXQGDWLRQ�HGXFDWLRQ�LV�WR�HQDEOH�VWXGHQWV�WR�DFKLHYH�VXFFHVV�LQ�OHDUQLQJ�DQG�VXFFHVV�LQ�
OLIH��
�
0DQXNDX�,QVWLWXWH�RI�7HFKQRORJ\��0,7��LV�VLWXDWHG�LQ�6RXWK�$XFNODQG�DQG�UXQV�RQH�RI�WKH�ODUJHVW�IRXQGDWLRQ�
GHSDUWPHQWV�LQ�1HZ�=HDODQG��RYHU�����VWXGHQWV���0,7�IRXQGDWLRQ�VWXGHQWV�UHSUHVHQW�RYHU����GLIIHUHQW�FRXQWULHV�
RI�RULJLQ��ZLWK�DSSUR[LPDWHO\�����IURP�WKH�3DFLILF�,VODQGV������LQGLJHQRXV�0ƗRUL������,QGLDQ������1=�
(XURSHDQ�DQG�����IURP�D�YDULHW\�RI�RWKHU�DUHDV��606�5HFRUGV��6HPHVWHU�����������0DQ\�IRXQGDWLRQ�VWXGHQWV�
KDYH�D�KLVWRU\�RI�VRFLDO��HPRWLRQDO��ILQDQFLDO��DQG�OLWHUDF\�SUREOHPV��6RPH�GR�QRW�KDYH�(QJOLVK�DV�WKHLU�ILUVW�
ODQJXDJH��0DQ\�IDFHG�IDLOXUH�DQG�UHMHFWLRQ�DW�VFKRRO�DV�WKH�WUDGLWLRQDO�FODVVURRP�VHWWLQJ�GLG�QRW�VXLW�WKHLU�
VSHFLILF�OHDUQLQJ�VW\OHV��
�
0,7�IRXQGDWLRQ�VWXGHQWV�KDYH�KDG�H[SRVXUH�WR�6HFRQG�/LIH�VLQFH�������)RXQGDWLRQ�VWXGHQWV�ZHUH�PRWLYDWHG�DQG�
HQJDJHG�LQ�LQWHUYLHZLQJ�WUDLQLQJ�LQ�6/�DQG�DFKLHYHG�UHVXOWV�WKDW�LQGLFDWHG�WKH�VNLOOV�WKH\�OHDUQHG�ZHUH�
VXFFHVVIXOO\�WUDQVIHUUHG�WR�D�UHDO�OLIH�LQWHUYLHZ�HQYLURQPHQW��+HDUQV���������$�FRKRUW�RI�0ƗRUL�SUH�GHJUHH�
QXUVHV�SDUWLFLSDWHG�LQ�OLWHUDF\�DFWLYLWLHV�LQ�6HFRQG�/LIH��DQG�VKRZHG�LPSURYHPHQWV�LQ�ZULWLQJ�DQG�GLJLWDO�OLWHUDF\�
�+HDUQV����������
�
7KH�SRVLWLYH�UHVXOWV�REWDLQHG�E\�0,7�IRXQGDWLRQ�VWXGHQWV�LQ�6/�FDQ�EH�DWWULEXWHG�LQ�SDUW�WR�WKH�UHODWLYH�VDIHW\�
IHOW�LQ�WKH�YLUWXDO�ZRUOG�HQYLURQPHQW�DQG�WKH�LQFUHDVHG�PRWLYDWLRQ�WR�SDUWLFLSDWH�WKDW�UHVXOWHG�IURP�D�VHQVH�RI�
SUHVHQFH��+HDUQV���������³:H�H[LVW�LQ�SK\VLFDO�UHDOLW\��:H�OLYH�LQ�SK\VLFDO�UHDOLW\�DQG�VRPHWLPHV�ZH�³OLYH´�LQ�
YLUWXDO�UHDOLW\��$OWKRXJK�RXU�ELRORJLFDO�QHHGV�FDQQRW�EH�VDWLVILHG�WKURXJK�YLUWXDO�UHDOLW\��RXU�HPRWLRQDO�QHHGV�FDQ�
EH´��0F.LQQH\��6KDR�	�6KDR��������S��������(PRWLRQDO�FORVHQHVV�WKURXJK�VKDUHG�H[SHULHQFH�DQG�D�VHQVH�RI�
LPPHGLDF\�DULVHV�RXW�RI�LQWHUDFWLRQ�LQ�YLUWXDO�ZRUOGV��6DOW��$WNLQV�	�%ODFNDOO���������7KH�VHQVH�RI�VKDUHG�
H[SHULHQFH�LV�SDUWLFXODUO\�VLJQLILFDQW�IRU�IRXQGDWLRQ�VWXGHQWV�DQG�0ƗRUL�DQG�3DVLILND�VWXGHQWV�LQ�SDUWLFXODU��
7KH�XVH�RI�YLUWXDO�ZRUOGV�DW�0,7�KDV�FRQWLQXHG�GHVSLWH�D�FKDQJH�LQ�FXUULFXOXP�GHOLYHU\��)RU�RYHU�WZR�\HDUV�
������WKH�SUHVHQW��WKH�6FKRRO�RI�)RXQGDWLRQ�6WXGLHV�DW�0DQXNDX�,QVWLWXWH�RI�7HFKQRORJ\�KDV�DGRSWHG�D�SURMHFW�
EDVHG�PHWKRG�RI�FXUULFXOXP�GHOLYHU\��$OWKRXJK�IRFXVHG�RQ�WKH�SURGXFWLRQ�RI�DQ�HQG�SURMHFW��WKH�PHWKRG�FRXOG�
EH�ODEHOOHG�µWKHPH�EDVHG¶�DV�WKHUH�DUH�PDQ\�FRPSRQHQWV�WR�HDFK�SURMHFW��DOO�FHQWUHG�RQ�WKH�VDPH�WKHPH��
/LWHUDF\��QXPHUDF\��DQG�VFLHQFH�DUH�DOO�HPEHGGHG�LQWR�SURMHFW�FRQWHQW��
�
5XVV��5LFKDUGVRQ��/RZWKHU��DQG�7DLWXKD��������PHQWLRQHG�WKDW�D�ILUP�IRXQGDWLRQ�IRU�OHDUQLQJ�ZDV�SURYLGHG�E\�
IDFLOLWDWLQJ�SHUVRQDO�UHVSRQVLELOLW\�DQG�DFWLYHO\�HQJDJLQJ�VWXGHQWV�LQ�VHHNLQJ�PHDQLQJ�DQG�XQGHUVWDQGLQJ��DQG�
WKDW�ZDV�WUXH�UHJDUGOHVV�RI�VWXGHQWV¶�HWKQLF�EDFNJURXQGV��7KH�FXUUHQW�WHDFKLQJ�PHWKRGRORJ\�XVHG�E\�0,7¶V�
6FKRRO�RI�)RXQGDWLRQ�6WXGLHV�DWWHPSWV�WR�UHIOHFW�WKH�YDOXHV�RI�0ƗRUL�DQG�3DVLILND�FXOWXUHV��7KLV�LV�GRQH�E\�EHLQJ�
DZDUH�RI�WKH�QHHGV�RI�0ƗRUL�DQG�3DVLILND�VWXGHQWV��HQVXULQJ�OHDUQLQJ�LV�HQJDJLQJ�DQG�UHOHYDQW��DQG�DGRSWLQJ�D�
KROLVWLF�DSSURDFK�WKDW�EXLOGV�SHUVRQDO�PDQDJHPHQW�DQG�EHKDYLRXUDO�FRPSHWHQFLHV�DV�ZHOO�DV�VNLOO�DQG�FRQFHSW�
PDVWHU\��5XVV�HW�DO����������
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�
3UHXVV��������GLVFXVVHG�WKH�EHQHILWV�RI�D�SURMHFW�EDVHG�PHWKRG�RI�WHDFKLQJ��7KHVH�EHQHILWV�FHQWUH�RQ�
FRQQHFWLRQV��6WXGHQWV�HVWDEOLVK�FRQQHFWLRQV�E\�ZRUNLQJ�LQ�JURXSV�RU�WHDPV��VKDULQJ�LGHDV��UHFRJQLVLQJ�WKH�
YDOLGLW\�RI�WKH�RSLQLRQV�DQG�SHUVSHFWLYHV�RI�RWKHUV��DFFHSWLQJ�SHUVRQDO�UHVSRQVLELOLW\�IRU�OHDUQLQJ��DQG�WDNLQJ�
SULGH�LQ�DFFRPSOLVKPHQWV��+RZHOO�DQG�0RUGLG��������DOVR�PHQWLRQHG�WKH�IHHOLQJ�RI�VHOI�ZRUWK�ZKHQ�VWXGHQWV�
ZHUH�DEOH�WR�VHH�D�FRQFUHWH�HQG�SURMHFW�DV�WKH�UHVXOW�RI�WKHLU�OHDUQLQJ�MRXUQH\��7KH\�VWDWHG��³:KHQ�D�VWXGHQW�
DFWXDOO\�HQMR\V�WKH�SURFHVV�RI�OHDUQLQJ��WKH�OHDUQLQJ�WDNHV�FDUH�RI�LWVHOI��7KDW
V�RQH�RI�WKH�EHQHILWV�RI�WKH�SURMHFW�
DSSURDFK´��S��������
�
7KH�FXUUHQW�0,7�)RXQGDWLRQ�SURJUDPPH�LV�IRFXVHG�RQ�OHDUQLQJ�KRZ�WR�OHDUQ��$GXOW�OHDUQHUV�DUH�HQFRXUDJHG�WR�
FRQWULEXWH�WKHLU�XQGHUVWDQGLQJ�EDVHG�RQ�OLIH�H[SHULHQFH�DQG�WKLV�SURYLGHV�D�ULFKHU�OHDUQLQJ�FOLPDWH�IRU�RWKHU�
VWXGHQWV�LQ�WKH�SURMHFW�JURXSV��7KH�VXVWDLQDELOLW\�RI�VWXGHQWV¶�OHDUQLQJ�LV�HQFRXUDJHG�DV�VWXGHQWV�GHYHORS�VNLOOV�
WKDW�DUH�WUDQVIHUDEOH��6KDUPD��������VXJJHVWHG�WKDW�WKH�³HGXFDWLRQ�RI�WRGD\�PLJKW�EH�REVROHWH�WRPRUURZ�LQ�D�
WHFKQRORJLFDOO\�GULYHQ�VRFLDO�HQYLURQPHQW´��S��������6KH�VXJJHVWHG�WKDW�RQH�RI�WKH�DSSURDFKHV�WKDW�ZLOO�³SUHSDUH�
WKH�OHDUQHU�IRU�FUHDWLYH�DGDSWDELOLW\�WR�DGGUHVV�WKH�FKDOOHQJHV�DQ�HYROYLQJ�VRFLHW\�PD\�SUHVHQW�LQ�DQ�LPDJLQDWLYH�
IXWXUH´��S�������LV�SURMHFW�EDVHG�GHOLYHU\��WRJHWKHU�ZLWK�SUDFWLFH�EDVHG��SODFH�EDVHG��DQG�LQGXVWU\�EDVHG�
OHDUQLQJ���7KH�DLP�RI�WKH�QHZ�SURJUDPPH�GHOLYHU\�DW�0,7�)RXQGDWLRQ�6WXGLHV�LV�WR�HTXLS�VWXGHQWV�ZLWK�WKH�
VNLOOV�WKH\�ZLOO�QHHG�WR�EH�SUHSDUHG�IRU�D�MRXUQH\�RI�OHDUQLQJ��IROORZLQJ�WKHLU�FDUHHU�SDWKZD\V�DQG�EH\RQG��
:ULJKW�DQG�2YHUWRQ��������VWDWHG�WKDW�DQ�DIILOLDWHG�JRDO�RI�WKLV�GHOLYHU\�VKLIW�KDV�EHHQ�WR�GHYHORS�VWXGHQWV¶�
WHFKQRORJLFDO�DZDUHQHVV��
�
7R�DVVLVW�VWXGHQWV�LQ�WKHLU�SURMHFWV�DQG�WR�KHOS�WKHP�GHYHORS�WKHLU�WHFKQRORJLFDO�OLWHUDF\��D�9LUWXDO�:RUOGV�&OXE�
ZDV�LQLWLDWHG�DW�0,7��VWDUWLQJ�LQ�6HPHVWHU����������/DVW�VHPHVWHU�WKH�FOXE�UDQ�RQO\�RQH�GD\�D�ZHHN�DIWHU�FODVV�RQ�
D�7XHVGD\��,Q�6HPHVWHU����������WKH�FOXE�UDQ�DIWHU�FODVV�RQ�D�0RQGD\��DQG�GXULQJ�WKH�OXQFK�KRXU�HYHU\�
7KXUVGD\��,Q�6HPHVWHU����������WKH�FOXE�LV�VFKHGXOHG�WR�FRQWLQXH�DV�SHU�6HPHVWHU����$WWHQGDQFH�DW�FOXE�VHVVLRQV�
LV�FRPSOHWHO\�YROXQWDU\��7KH�DFWLYLWLHV�IRU�WKH�ZHHN�VXSSRUW�WKH�ZRUN�LQ�FODVV��
�
7KH�9LUWXDO�:RUOG�&OXE�KDV�LQFUHDVHG�HQWKXVLDVP�IRU�WKH�XVH�RI�YLUWXDO�ZRUOGV�IURP�ERWK�VWXGHQWV�DQG�RWKHU�
VWDII��$V�D�GLUHFW�UHVXOW�RI�WKH�ZRUN�GRQH�LQ�WKH�9:&��WKHUH�KDV�EHHQ�DQ�LQFUHDVH�LQ�WKH�XVH�RI�YLUWXDO�ZRUOGV�IRU�
SURMHFW�VXSSRUW�LQ�QRUPDO�FODVV�WLPH��
�
7KH�9LUWXDO�:RUOG�&OXE��9:&��DQG�EH\RQG�
�
,Q�/HYHO���)RXQGDWLRQ�6WXGLHV�DOO�FRKRUWV�UXQ�WKH�VDPH�SURMHFWV��$W�/HYHO����SURMHFWV�GLIIHU�IURP�FRKRUW�WR�FRKRUW�
�WKH�FRKRUWV�IRU������ZHUH�+HDOWK��6RFLDO�6FLHQFHV��%XVLQHVV��DQG�(QJLQHHULQJ��DQG�LQ������%XVLQHVV�ZDV�
FRPELQHG�ZLWK�6RFLDO�6FLHQFHV����,Q�6HPHVWHU����������WKH�VWXGHQWV�ZKR�DWWHQGHG�WKH�9:&�ZHUH�IURP�ERWK�
/HYHOV���DQG���RI�WKH�IRXQGDWLRQ�SURJUDPPH��$V�LW�ZDV�GLIILFXOW�WR�FDWHU�IRU�WKH�QHHGV�RI�WKH�GLIIHUHQW�OHYHOV�ZKR�
ZHUH�HQJDJHG�LQ�GLIIHUHQW�SURMHFWV��9:&�VHVVLRQV�ZHUH�VSOLW�LQWR�/HYHOV��DQG�DOWHUQDWH�VHVVLRQV�UXQ�IRU�/HYHO���
DQG�/HYHO����7KH�RQO\�DWWHQGHUV�IURP�/HYHO���ZHUH�IURP�WKH�+HDOWK�FRKRUW��SUH�GHJUHH�QXUVHV���,Q�6HPHVWHU����
������DOO�SDUWLFLSDQWV�ZHUH�IURP�/HYHO���+HDOWK���
�
7KH�IROORZLQJ�WDEOH�LOOXVWUDWHV�VRPH�RI�WKH�SURMHFWV�DW�/HYHO���DQG�/HYHO����DQG�D�VDPSOH�RI�WKH�9:&�DFWLYLWLHV�
WKDW�WRRN�SODFH��
�

/HYHO���3URMHFWV� 6/�$FWLYLWLHV� � /HYHO���+HDOWK�3URMHFWV� 6/�$FWLYLWLHV�
2XU�-RXUQH\�

��IRFXVLQJ�RQ�WKH�VWXGHQWV�DV�
LQGLYLGXDOV�	�WKHLU�VWXG\�

SDWKZD\V�

3HUVRQDOLVLQJ�P\�DYDWDU��
�KRZ�FDQ�,�VKRZ�ZKR�,�UHDOO\�

DP"�

� $�IXWXUH�LQ�KHDOWKFDUH�
�ELRORJLFDO�PH�SOXV�KHDOWK�FDUH�

SURYLGHUV�

+HDOWK�,QIRUPDWLRQ�
,VODQG�

�ZRUNVKHHW�	�PHHW�WKH�
SURIHVVLRQDOV�

&XOW�&RXWXUH�
�GHVLJQLQJ�D�JDUPHQW�IURP�
UHF\FODEOH�RU�QDWXUDO�PDWHULDO�

)DVKLRQ�GHVLJQ�LQ�6/�
�FUHDWLQJ�DQ�RXWILW�IURP�IXOO�

SHUP�FORWKLQJ�IRU�D�FRPSHWLWLRQ�

� ,QIHFWLRQ�
�XQGHUVWDQGLQJ�LQIHFWLRQ�	�LWV�

FRQWURO�

*HQRPH�,VODQG�
�LQYHVWLJDWLQJ�FHOOV��LQFOXGLQJ�

YLUDO�FHOOV�	�EDFWHULD�
0,7H�&KHI�

�FUHDWLQJ�D�KHDOWK\�VQDFN�
2KLR�8QLYHUVLW\�
1XWULWLRQ�*DPH�

� 1XWULWLRQ�	�0RELOLW\�
�ZKDW�ZH�QHHG�	�ZKDW�KDSSHQV�

ZKHQ�WKLQJV�JR�ZURQJ"�

9LUWXDO�$ELOLW\�,VODQG�	�
ZKHHOFKDLU�KRXVH��
'DQLVK�9LVLRQV�VLP�

:DWHU�
�ZK\�GR�ZH�QHHG�ZDWHU"�

&HQWUH�IRU�:DWHU�6WXGLHV�
�JXHVW�OHFWXUHU�-DFN�%X[EDXP��
IROORZHG�E\�D�WULS�WR�WKH�&:6�

VLP�

� +ROLVWLF�:HOOEHLQJ�
�DQ�LGHDO�WUHDWPHQW�

HQYLURQPHQW�IRU�D�KHDOWK�
FRQGLWLRQ�

7H�:ƗKL�:KƗQDX��
�DQ�LGHDO�ELUWKLQJ�XQLW�

�

�
�
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)LJXUH����6HOHFWLRQ�RI�SURMHFWV�	�DFWLYLWLHV�LQ�6/�
�

�
�

)LJXUH����9:&�VWXGHQWV�RQ�9LUWXDO�$ELOLW\�,VODQG��OHIW��	�LQ�WKH�'DQLVK�9LVLRQV�ZKHHOFKDLU�KRXVH�
7KH�9LUWXDO�:RUOG�&OXE�KDV�LQFUHDVHG�HQWKXVLDVP�IRU�WKH�XVH�RI�YLUWXDO�ZRUOGV�IURP�ERWK�VWXGHQWV�DQG�RWKHU�
VWDII��$V�D�GLUHFW�UHVXOW�RI�WKH�ZRUN�GRQH�LQ�WKH�9:&��WKHUH�KDV�EHHQ�DQ�LQFUHDVH�LQ�WKH�XVH�RI�YLUWXDO�ZRUOGV�IRU�
SURMHFW�VXSSRUW�LQ�QRUPDO�FODVV�WLPH��6HYHUDO�KHDOWK�FODVVHV�KDYH�SDUWLFLSDWHG�LQ�LQIRUPDWLRQ�JDWKHULQJ�
LQWHUYLHZV�LQ�WKH�KROLVWLF�ZHOOEHLQJ�SURMHFW��WKH�SUH�GHJUHH�HQJLQHHULQJ�FRKRUW�KDYH�HQWHUHG�6/�WR�YLVLW�WKH�$UHYD�
1XFOHDU�3RZHU�3ODQW��WKH�(OOLQRJHUPDQLNL�DJRJL�YLUWXDO�SRUWDO�WR�VHH�WKH�9LUWXDO�$WODV�3URMHFW�DQG�WR�WKH�(WRSLD�
(FR&RPPXQLW\��DQG��DV�IURP�6HPHVWHU����������DOO�/HYHO���%LR6FLHQFH�VWXGHQWV�ZLOO�SDUWLFLSDWH�LQ�UHVHDUFK�RQ�
*HQRPH�,VODQG��
�
7KH�9LUWXDO�:RUOG�&OXE��9:&��6WXGHQW�)HHGEDFN�
�
$OWKRXJK����VWXGHQWV�DFWLYHO\�SDUWLFLSDWHG�LQ�WKH�9:&��RQO\�IRXU�VWXGHQWV�LQ�6HPHVWHU���������DQG�WKUHH�
VWXGHQWV�LQ�6HPHVWHU���������ZHUH�UHJXODU�DWWHQGHUV��7KHVH�VWXGHQWV�ZHUH�DVNHG�WR�UHIOHFW�RQ�WKH�H[SHULHQFH�RI�
DWWHQGLQJ�WKH�FOXE�DQG�ZKHWKHU�WKH\�KDG�EHQHILWWHG�LQ�WHUPV�RI�WKH�ZRUN�WKH\�ZHUH�GRLQJ�RQ�WKHLU�SURMHFWV��
6WXGHQWV�FRPSOHWHG�D�%ODFNERDUG�6XUYH\�ZKLFK�FRQVLVWHG�RI�HLJKW�/LNHUW�VFDOH�TXHVWLRQV��SKUDVHG�ERWK�
SRVLWLYHO\�DQG�QHJDWLYHO\��WKH�VFDOH�FRQVLVWHG�RI�6WURQJO\�$JUHH��$JUHH��3DUWLDOO\�$JUHH��3DUWLDOO\�'LVDJUHH��
'LVDJUHH��DQG�6WURQJO\�'LVDJUHH���7KH�GDWD�ZDV�DXWRPDWLFDOO\�VXPPDULVHG�E\�%ODFNERDUG�DQG�VWXGHQW�
FRPPHQWV�UHPDLQHG�DQRQ\PRXV���
�

�
�

)LJXUH����+HDOWK�VWXGHQWV�SUHSDULQJ�IRU�WKHLU�LQWHUYLHZV��OHIW��	�HQJLQHHULQJ�VWXGHQWV�WRXULQJ�WKH�$UHYD�
1XFOHDU3RZHU�3ODQW�

�
6WXGHQWV�ZHUH�XQDQLPRXV�LQ�DJUHHLQJ��RU�VWURQJO\�DJUHHLQJ��WKDW�DFWLYLWLHV�LQ�6/�ZHUH�D�SRVLWLYH�H[SHULHQFH��WKDW�
WKH\�KDG�OHDUQHG�QHZ�VNLOOV�LQ�6/��DQG�WKDW�WKH�NQRZOHGJH�WKH\�JDLQHG�LQ�6/�KHOSHG�WKHP�FRPSOHWH�WKHLU�
SURMHFWV��7KH\�ZHUH�DOVR�XQDQLPRXV�LQ�GLVDJUHHLQJ�WKDW�WKH�WLPH�VSHQW�LQ�6/�ZDV�D�ZDVWH�RI�WLPH��DQG�WKDW�WKH\�
FRXOG�QRW�DSSO\�WKHLU�VNLOOV�WR�WKHLU�SURMHFW�ZRUN��ZLWK�RQH�SDUWLDOO\�GLVDJUHHLQJ���6WXGHQWV�ZHUH�QRW�TXLWH�DV�
SRVLWLYH�DERXW�LW�EHLQJ�HDV\�WR�GR�UHVHDUFK�LQ�6/��ZLWK�WKUHH�RQO\�SDUWLDOO\�DJUHHLQJ��:KHQ�DVNHG�LI�WKH\�IHOW�WKH\�
ZHUH�UHDOO\�SUHVHQW�LQ�WKH�6/�HQYLURQPHQW��VL[�VWURQJO\�DJUHHG�DQG�RQH�SDUWLDOO\�DJUHHG��7ZR�VWXGHQWV�SDUWLDOO\�
DJUHHG�ZLWK�WKH�VWDWHPHQW�WKDW�WKH\�GLG�QRW�IHHO�FRQQHFWHG�WR�WKHLU�DYDWDUV��WKUHH�SDUWLDOO\�GLVDJUHHG��RQH�
GLVDJUHHG�DQG�RQH�VWURQJO\�GLVDJUHHG��,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�VWXGHQWV�ZKR�GLG�QRW�IHHO�FRQQHFWHG�WR�
WKHLU�DYDWDUV�GLG�QRW�DWWHQG�WKH�VHVVLRQ�ZKHUH�VWXGHQWV�SHUVRQDOL]HG�WKHLU�DYDWDUV��
�
� �
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�
�

6WXGHQWV�ZHUH�DVNHG�WR�UHFRUG�WKH�EHVW�WKLQJ�DERXW�WKHLU�6/�H[SHULHQFH��$�FRPPRQ�WKUHDG�ZDV�WKDW�LW�ZDV� 
LQWHUHVWLQJ��FRORXUIXO��IXQ��DQG�³EHWWHU�WKDQ�WKH�WH[WERRN´��6WXGHQW�����2QH�VWXGHQW�VSHFLILFDOO\�PHQWLRQHG�WKH� 
FHOO�H[SORUDWLRQ�RQ�*HQRPH�,VODQG��DQG�RQH�PHQWLRQHG�WKH�DELOLW\�WR�VROYH�SUREOHPV�LQ�D�UHDO�VHWWLQJ��6WXGHQW���� 
KDG�WKLV�FRPPHQW�WR�PDNH��³,�KLJKO\�UHFRPPHQG�XVLQJ�6/�IRU�ZKDWHYHU�VXEMHFW�D�VWXGHQW�PD\�EH�VWXG\LQJ� 
WRZDUGV��$ZHVRPH�LGHD�DQG�ORYH�WKH�FRQFHSW�RI�LW�´��
�
6WXGHQWV�ZHUH�DVNHG�DERXW�WKH�WKLQJV�WKH\�GLG�QRW�OLNH��7KH�PDMRULW\�GHDOW�ZLWK�WHFKQLFDO�LVVXHV�RI�ODJJLQJ�DQG� 
FUDVKLQJ��DOWKRXJK�WKHVH�SURYHG�WR�EH�RQO\�PLQRU�SUREOHPV���
�
7KH�ODVW�TXHVWLRQ�GHDOW�ZLWK�VXJJHVWHG�LPSURYHPHQWV��)RXU�VWXGHQWV�VXJJHVWHG�PRUH�WLPH�DQG�WKH�RSSRUWXQLW\�WR� 
WDNH�VWXGHQWV�IURP�WKH�VDPH�FRKRUWV�RU�SRGV�DV�D�JURXS�LQWR�6/��$�VXJJHVWLRQ�ZDV�DOVR�PDGH�WR�SURYLGH�³DFWLYLW\� 
FDUGV´�VR�WKDW�VWXGHQWV�FRXOG�PHHW�RXW�RI�FODVV�DQG�9:&�WLPH��DQG�JHW�WRJHWKHU�ZLWK�WKHLU�FODVVPDWHV�DQG�IULHQGV� 
ZKHQ�WKH\�KDG�WLPH�WR�VSDUH��
�
&RQFOXVLRQ�
�
6WXGHQWV�HQJDJHG�LQ�WKH�9:&��ZHUH�HQWKXVLDVWLF�DERXW�WKHLU�DFWLYLWLHV��FKDOOHQJHV�DQG�WULSV��DQG�WKH�IHHGEDFN� 
WKH\�JDYH�VXJJHVWHG�WKH�FOXE�ZDV�D�ZRUWKZKLOH�DGGLWLRQ�DQG�VXSSRUW�WR�WKHLU�SURMHFW�ZRUN��,Q�WKH�ZRUGV�RI�RQH� 
FOXE�SDUWLFLSDQW��³:H�VKRXOG�KDYH�WKH�FOXE�LQ�FODVV��QRW�LQ�RXU�RZQ�WLPH��,W¶V�IXQ�LQ�6/��,�OLNH�ZRUNLQJ�DQG� 
KDYLQJ�IXQ�DW�WKH�VDPH�WLPH´��6WXGHQW�����7KH�XVH�RI�6/�DW�0,7�LQ�WKH�SDVW�ZDV�HIIHFWLYH�DQG�SURGXFHG�H[FHOOHQW� 
UHVXOWV��,W�LV�FXUUHQWO\�HQJDJLQJ�VWXGHQWV�DQG�HQKDQFLQJ�WKHLU�SURMHFW�ZRUN��,Q�WKH�QH[W�VHPHVWHU��WKH�9:&�ZLOO� 
FRQWLQXH�DQG�PRUH�FODVVHV�ZLOO�EH�HQWHULQJ�YLUWXDO�ZRUOGV��$SDUW�IURP�WKH�/HYHO���KHDOWK�FODVVHV�XVLQJ�6/�IRU� 
LQIRUPDWLRQ�JDWKHULQJ�LQWHUYLHZV��VWXGHQWV�ZLOO�EH�PHHWLQJ�GLVDEOHG�UHVLGHQWV�RI�9LUWXDO�$ELOLW\�,VODQG�LQ�WKH� 
PRELOLW\�SURMHFW��$�OLWHUDF\�JDPH��FXUUHQWO\�EHLQJ�EXLOW�RQ�.LWHO\��ZLOO�EH�WHVWHG�ZLWK�WZR�FODVVHV�RI�WKH�SUH� 
GHJUHH�QXUVLQJ�FRKRUW���
�
9LUWXDO�ZRUOG�XVH�KDV�DFFHOHUDWHG�DW�0,7�DQG�VWXGHQWV�KDYH�EHQHILWWHG�IURP�WKH�DGGLWLRQ�RI�OHDUQLQJ�DFWLYLWLHV�LQ� 
YLUWXDO�ZRUOGV��$W�OHDVW�ZLWKLQ�WKH�QHDU�IXWXUH��0,7�ZLOO�FRQWLQXH�WR�XVH�H[LVWLQJ�UHVRXUFHV�DQG�GHYHORS�QHZ� 
DFWLYLWLHV�WR�FKDOOHQJH�DQG�PRWLYDWH�VWXGHQWV�WR�HQMR\�WKHLU�OHDUQLQJ�MRXUQH\V���

5HIHUHQFHV��
�
$ULDQH%�����������'�9LUWXDO�:RUOGV��KWWS���DULDQHE�FRP�PRUH�'ZRUOGV�KWP� 
%DUWOH��5�$����������'HVLJQLQJ�9LUWXDO�:RUOGV��%HUNHOH\��&$��1HZ�5LGHUV��https://doi.org/10.1002/cav.13 
*UHJRU\��6���*UHJRU\��%���5HLQHUV��7���)DUGLQSRXU��$���+LOOLHU��0���/HH��0��-�:��-DFND��/���%XWOHU��'���+ROORZD\��
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*DXNURGJHU��%���=DJDPL��-���&DPSEHOO��&���:DQJ��;���*DUFLD�6DOLQDV��-���/RNH��6�.��6FXWWHU��6���1HZPDQ��&���
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&RFKUDQH��(���%DVX��$���-DFREVRQ��0���/DUVRQ��,����������9LUWXDO�ZRUOGV�LQ�$XVWUDOLDQ�DQG�1HZ�=HDODQG�
KLJKHU�HGXFDWLRQ��5HPHPEHULQJ�WKH�SDVW��XQGHUVWDQGLQJ�WKH�SUHVHQW�DQG�LPDJLQLQJ�WKH�IXWXUH��,Q�0��*RVSHU��
-��+HGEHUJ��+��&DUWHU��(GV���(OHFWULF�'UHDPV��3URFHHGLQJV�DVFLOLWH�6\GQH\�������
KWWS���ZZZ�DVFLOLWH�RUJ�DX�FRQIHUHQFHV�V\GQH\���SURFV�JUHJRU\�SGI�

+D[��(�����������1RY���KWPO��IRU�YLUWXDO�ZRUOGV"�LOLYHLVO��UDPEOLQJV�IURP�WKH�YLUWXDO�ZRUOG���>YLHZHG�����$SULO�
����@��

+D[��(�����������6HS���6LP�RQ�D�6WLFN�������±�YLGHR�ZDONWKURXJK�IRU�Q��EV��LOLYHLVO��UDPEOLQJV�IURP�WKH�YLUWXDO�
ZRUOG���>YLHZHG�����$SULO�����@��

+D[��(����������6RD6�3RUWDEOH�2SHQ�6LP��IURP�KWWS���VLPRQDVWLFN�FRP��
+HDUQV��0����������9:V�DUH�QRW�MXVW�FDUV�±�/LWHUDF\�MRXUQH\V�LQ�9:V��,Q�&�0��.OLQJHU�	�1��0XUUD\��(GV���

3URFHHGLQJV�RI�WKH��VW�$XVWUDODVLDQ�&RQIHUHQFH�RQ�(QDEOLQJ�$FFHVV�WR�+LJKHU�(GXFDWLRQ������'HFHPEHU�
�������$GHODLGH��$XVWUDOLD������������

+HDUQV��0����������%ULGJLQJ�DQG�6FDIIROGLQJ�±�)URP�3RZHUOHVVQHVV�WR�3URILFLHQF\��,Q�&��1\JDDUG��1��&RXUWQH\��
(��/HLJK��(GV����7UDQVIRUPLQJ�8QLYHUVLW\�7HDFKLQJ�LQWR�/HDUQLQJ�9LD�*DPHV��6LPXODWLRQV�DQG�5ROH�3OD\V��
8�.���/LEUL�3XEOLVKLQJ�/WG��

/HPRQ��0���	�.HOO\��2����������/D\LQJ�6HFRQG�/LIH�IRXQGDWLRQV��6HFRQG�FKDQFH�OHDUQHUV�JHW�ILUVW�OLIH�VNLOOV��
3DSHU�SUHVHQWHG�DW�DVFLOLWH��$XFNODQG��1=��
KWWS���ZZZ�DVFLOLWH�RUJ�DX�FRQIHUHQFHV�DXFNODQG���SURFV�OHPRQ�SGI�

https://doi.org/10.1002/cav.13
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0F.LQQH\�-U��5��(���6KDR��/��3���	�6KDR��'��+����������&$1�',*,7$/�:25/'6�6,08/$7(�5($/,7<"�
86,1*�9,578$/�5($/,7<�$6�$1�('8&$7,21$/�722/��,QWHUQDWLRQDO�-RXUQDO�RI�%XVLQHVV�
5HVHDUFK������������������

0LGGOHWRQ��6����������3DUWLFLSDWLRQ�RU�6XFFHVV��:KLFK�LV�ZRUWK�WKH�SDSHU�LW�LV�ZULWWHQ�RQ"�3DSHU�SUHVHQWHG�DW�WKH�
�UG�$QQXDO�%ULGJLQJ�&RQIHUHQFH��0DQXNDX��
KWWS������������������VHDUFK"T FDFKH�)�VV7XIU6�N-�ZZZ�PDQXNDX�DF�Q]�$ERXW�����8V�H[HFXWLYH�VWXGHQ
W�%ULGJLQJB&RQIHUHQFHB�����GRF�3DUWLFLSDWLRQ�RU�6XFFHVV��:KLFK�LV�ZRUWK�WKH�SDSHU�LW�LV�ZULWWHQ�R
Q��)	FG �	KO HQ	FW FOQN	JO Q]�

3DSS��5����������9LUWXDO�:RUOGV�DQG�VRFLDO�QHWZRUNLQJ��UHDFKLQJ�WKH�PLOOHQQLDOV��-RXUQDO�RI�7HFKQRORJ\�
5HVHDUFK�����������

3DXO��5�����������'HF���.DWDVSDFH��EURZVHU�EDVHG�YLUWXDO�ZRUOGV�EXLOW�ZLWK�:HE*/�DQG�+70/���
7(&+12/2*<�/$%���,1)250$7,21�7(&+12/2*<��IURP�KWWS���DUVWHFKQLFD�FRP�LQIRUPDWLRQ�
WHFKQRORJ\���������NDWDVSDFH�EURZVHU�EDVHG�YLUWXDO�ZRUOG�EXLOW�ZLWK�ZHEJO�DQG�KWPO���

3URWRQ0HGLD�DQQRXQFHV�L3DG�DSS�IRU��'�FROODERUDWLRQ�HQYLURQPHQW������������-XQH���+\SHUJULG�%XVLQHVV��
KWWS���ZZZ�K\SHUJULGEXVLQHVV�FRP���������SURWRQPHGLD�DQQRXQFHV�LSDG�DSS�IRU��G�FROODERUDWLRQ�
HQYLURQPHQW��

5XVV��/���5LFKDUGVRQ��&���/RZWKHU��6���	�7DLWXKD��/�������������'HFHPEHU���/HDYLQJ�WKH�UXW��D�QHZ�GLUHFWLRQ�LQ�
DGXOW�WHDFKLQJ�HSLVWHPRORJ\��3DSHU�SUHVHQWHG�DW�WKH��VW�$XVWUDODVLDQ�&RQIHUHQFH�RQ�(QDEOLQJ�$FFHVV�WR�
+LJKHU�(GXFDWLRQ��$GHODLGH��$XVWUDOLD��

6DOW��%���$WNLQV��&��%ODFNDOO��/����������(QJDJLQJ�ZLWK�6HFRQG�/LIH��UHDO�HGXFDWLRQ�LQ�D�YLUWXDO�ZRUOG��
KWWS���VOHQ]�ILOHV�ZRUGSUHVV�FRP���������VOOLWHUDWXUHUHYLHZ��SGI�

7D\ORU��%�����������)HE���+RZ�$XJPHQWHG�5HDOLW\�$SSV�&RPELQHV�WKH�5HDO�	�9LUWXDO�:RUOGV��&UHDWLYH�
*XHULOOD�0DUNHWLQJ���KWWS���ZZZ�FUHDWLYHJXHUULOODPDUNHWLQJ�FRP�DXJPHQWHG�UHDOLW\�KRZ�DXJPHQWHG�UHDOLW\�
DSSV�FRPELQHV�WKH�UHDO�YLUWXDO�ZRUOGV��>YLHZHG�����$SULO�����@��

7ULHU��0�����������-XQH���*DPH�7HFKQRORJ\��9LUWXDO�:RUOGV��DQG�0RELOH�$SSV�'UDZ�1DWLRQDO�/HDGHUV�DW�
0LOLWDU\�,QGXVWU\�*DPLQJ�&RQIHUHQFH��35�:HE��KWWS���ZZZ�SUZHE�FRP�UHOHDVHV��������SUZHE��������KWP�

9LUWXDO�(QYLURQPHQWV�(QDEOH�1HZ�0RGHOV�RI�/HDUQLQJ������������6HS���8&,�/,%5$5,(6�21��1'�/,)(��IURP�
KWWS���XFLOLEUDULHVRQ�QGOLIH�ZRUGSUHVV�FRP������������YLUWXDO�HQYLURQPHQWV�HQDEOH�QHZ�PRGHOV�RI�
OHDUQLQJ��

=KDQJ��-��;����������6HFRQG�/LIH��+\SH�RU�5HDOLW\"�+LJKHU�(GXFDWLRQ�LQ�WKH�9LUWXDO�:RUOG��'(�2UDFOH�#�
808&��$Q�2QOLQH�/HDUQLQJ�0DJD]LQH�IRU�808&�)DFXOW\��KWWS���GHRUDFOH�RUJ�RQOLQH�SHGDJRJ\�HPHUJLQJ�
WHFKQRORJLHV�VHFRQG�OLIH�KWPO�

$XWKRU�FRQWDFW�GHWDLOV��
0HUOH�+HDUQV��0HUOH�+HDUQV#PDQXNDX�DF�Q]�

3OHDVH�FLWH�DV��+HDUQV��0����������%XLOGLQJ�EULGJHV�IRU�QRQ�HQJLQHHUV��YLUWXDO�ZRUOG�VXSSRUW�IRU�SURMHFW�EDVHG� 
GHOLYHU\��,Q�+��&DUWHU��0��*RVSHU�DQG�-��+HGEHUJ��(GV����(OHFWULF�'UHDPV��3URFHHGLQJV�DVFLOLWH������6\GQH\�� 
�SS���������. https://doi.org/10.14742/apubs.2013.1492�

&RS\ULJKW��������0HUOH�+HDUQV��
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