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�
9LUWXDO�ZRUOGV�LQ�$XVWUDOLDQ�DQG�1HZ�=HDODQG�KLJKHU�
HGXFDWLRQ��5HPHPEHULQJ�WKH�SDVW��XQGHUVWDQGLQJ�WKH�
SUHVHQW�DQG�LPDJLQLQJ�WKH�IXWXUH�
�

� �

6XH�*UHJRU\�
6FKRRO�RI�(GXFDWLRQ�
8QLYHUVLW\�RI�1HZ�(QJODQG�

%UHQW�*UHJRU\�
81(�%XVLQHVV�6FKRRO�
8QLYHUVLW\�RI�1HZ�(QJODQG�

7RUVWHQ�5HLQHUV�
&XUWLQ�%XVLQHVV�6FKRRO�
&XUWLQ�8QLYHUVLW\�

$OL�)DUGLQSRXU��
&XUWLQ�%XVLQHVV�6FKRRO�
&XUWLQ�8QLYHUVLW\�

0DWKHZ�+LOOLHU�
7HDFKLQJ�	�(GXFDWLRQDO�'HYHORSPHQW�
,QVWLWXWH��
7KH�8QLYHUVLW\�RI�4XHHQVODQG�

0DUN�-�:��/HH�
6FKRRO�RI�(GXFDWLRQ�
&KDUOHV�6WXUW�8QLYHUVLW\�

/LVD�-DFND�
6FKRRO�RI�(GXFDWLRQ��
6RXWKHUQ�&URVV�8QLYHUVLW\�

'HV�%XWOHU�
)DFXOW\�RI�/DZ�
4XHHQVODQG�8QLYHUVLW\�RI�7HFKQRORJ\�

'DYLG�+ROORZD\�
6FKRRO�RI�,QIRUPDWLRQ�6\VWHPV�	�7HFKQRORJ\�
8QLYHUVLW\�RI�:ROORQJRQJ�

6FRWW�*UDQW�
6FKRRO�RI�&XOWXUHV��/DQJXDJHV�	�/LQJXLVWLFV�
0RQDVK�8QLYHUVLW\�

0HUOH�+HDUQV��
6FKRRO�RI�)RXQGDWLRQ�6WXGLHV�
0DQXNDX�,QVWLWXWH�RI�7HFKQRORJ\�

.LP�)OLQWRII�
&XUWLQ�7HDFKLQJ�	�/HDUQLQJ�
&XUWLQ�8QLYHUVLW\�

-D\�-D\�-HJDWKHVDQ�
6FKRRO�RI�3K\VLFV�
7KH�8QLYHUVLW\�RI�:HVWHUQ�$XVWUDOLD�

'DYLG�(OOLV�
6FKRRO�RI�(GXFDWLRQ�
6RXWKHUQ�&URVV�8QLYHUVLW\��

0DUFXV�0F'RQDOG�
6FKRRO�RI�+HDOWK�6FLHQFHV�
50,7�8QLYHUVLW\��
�

)UHGHULFN�6WRNHV�7KRPSVRQ�
/HDUQLQJ�	�7HDFKLQJ�8QLW�
8QLYHUVLW\�RI�6RXWK�$XVWUDOLD�

%HOPD�*DXNURGJHU�
)OH[LEOH�/HDUQLQJ�
1HOVRQ�0DUOERURXJK�,QVWLWXWH�RI�7HFKQRORJ\�

-DVRQ�=DJDPL�
6FKRRO�RI�(GXFDWLRQ�	�3URIHVVLRQDO�6WXGLHV�
*ULIILWK�8QLYHUVLW\��

&KULV�&DPSEHOO�
6FKRRO�RI�(GXFDWLRQ�
7KH�8QLYHUVLW\�RI�4XHHQVODQG�

;LDQJ\X�:DQJ�
6FKRRO�RI�%XLOW�(QYLURQPHQW�
&XUWLQ�8QLYHUVLW\�

-DPLH�*DUFLD�6DOLQDV�
6FKRRO�RI�6RFLDO�	�%HKDYLRXUDO�6FLHQFHV�
7KH�8QLYHUVLW\�RI�4XHHQVODQG�

6ZHH�.LQ�/RNH�
+LJKHU�(GXFDWLRQ�'HYHORSPHQW�&HQWUH�
8QLYHUVLW\�RI�2WDJR�

6KHLOD�6FXWWHU�
6FKRRO�RI�0HGLFLQH�	�'HQWLVWU\�
-DPHV�&RRN�8QLYHUVLW\�

&KULVWLQH�1HZPDQ�
H/HDUQLQJ�6HUYLFHV�
4XHHQVODQG�8QLYHUVLW\�RI�7HFKQRORJ\�

1LQJ�*X�
6FKRRO�RI�$UFKLWHFWXUH�	�%XLOW�(QYLURQPHQW�
8QLYHUVLW\�RI�1HZFDVWOH�

6WHIDQ�6FKXWW�
&HQWUH�IRU�&XOWXUDO�'LYHUVLW\�	�:HOOEHLQJ�
9LFWRULD�8QLYHUVLW\�

+HOHQ�)DUOH\�
$XVWUDOLDQ�'LJLWDO�)XWXUHV�,QVWLWXWH�
8QLYHUVLW\�RI�6RXWKHUQ�4XHHQVODQG�

$QWRQ�%RJGDQRY\FK�
&RPSXWLQJ�	�,&7�
8QLYHUVLW\�RI�:HVWHUQ�6\GQH\�

7RPDV�7UHVFDN�
'HDQV�8QLW�6FKRRO�RI�&RPSXWLQJ��
(QJLQHHULQJ�	�0DWK�
8QLYHUVLW\�RI�:HVWHUQ�6\GQH\�

6LPHRQ�6LPRII�
6FKRRO�RI�&RPSXWLQJ��(QJLQHHULQJ�	�
0DWK�
8QLYHUVLW\�RI�:HVWHUQ�6\GQH\�

&DUROLQH�6WHHO�
6FKRRO�RI�/DQJXDJHV�	�&RPSDUDWLYH�
&XOWXUDO�6WXGLHV�
7KH�8QLYHUVLW\�RI�4XHHQVODQG�

3HQQ\�1HXHQGRUI�
)OH[LEOH�(GXFDWLRQ�
&DQEHUUD�,QVWLWXWH�RI�7HFKQRORJ\�

0DWW�%RZHU�
'HSDUWPHQW�RI�(GXFDWLRQ�
0DFTXDULH�8QLYHUVLW\�

/LQG\�0F.HRZQ�2UZLQ�
$XVWUDOLDQ�'LJLWDO�)XWXUHV�,QVWLWXWH�
8QLYHUVLW\�RI�6RXWKHUQ�4XHHQVODQG�

7RP�.HUU�
)DFXOW\�RI�%XVLQHVV�	�(FRQRPLFV�
0DFTXDULH�8QLYHUVLW\�

,DQ�:DUUHQ�
6FKRRO�RI�+XPDQLWLHV�	�6RFLDO�6FLHQFHV�
'HDNLQ�8QLYHUVLW\�
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�'�YLUWXDO�UHDOLW\��LQFOXGLQJ�WKH�FXUUHQW�JHQHUDWLRQ�RI�PXOWL�XVHU�YLUWXDO�ZRUOGV��KDV�KDG�D�ORQJ�
KLVWRU\�RI�XVH�LQ�HGXFDWLRQ�DQG�WUDLQLQJ��DQG�LW�H[SHULHQFHG�D�VXUJH�RI�UHQHZHG�LQWHUHVW�ZLWK�WKH�
DGYHQW�RI�6HFRQG�/LIH�LQ�������:KDW�IROORZHG�VKRUWO\�DIWHU�ZHUH�VHYHUDO�\HDUV�PDUNHG�E\�
FRQVLGHUDEOH�K\SH�DURXQG�WKH�XVH�RI�YLUWXDO�ZRUOGV�IRU�WHDFKLQJ��OHDUQLQJ�DQG�UHVHDUFK�LQ�KLJKHU�
HGXFDWLRQ��)RU�WKH�PRPHQW��XSWDNH�RI�WKH�WHFKQRORJ\�VHHPV�WR�KDYH�SODWHDXHG��ZLWK�DFDGHPLFV�
HLWKHU�PDLQWDLQLQJ�WKH�VWDWXV�TXR�DQG�FRQWLQXLQJ�WR�XVH�YLUWXDO�ZRUOGV�DV�WKH\�KDYH�SUHYLRXVO\�
GRQH�RU�FKRRVLQJ�WR�RSW�RXW�DOWRJHWKHU��7KLV�SDSHU�SUHVHQWV�D�EULHI�UHYLHZ�RI�WKH�XVH�RI�YLUWXDO�
ZRUOGV�LQ�WKH�$XVWUDOLDQ�DQG�1HZ�=HDODQG�KLJKHU�HGXFDWLRQ�VHFWRU�LQ�WKH�SDVW�DQG�UHSRUWV�RQ�LWV�
XVH�LQ�WKH�VHFWRU�DW�WKH�SUHVHQW�WLPH��EDVHG�RQ�LQSXW�IURP�PHPEHUV�RI�WKH�$XVWUDOLDQ�DQG�1HZ�
=HDODQG�9LUWXDO�:RUOGV�:RUNLQJ�*URXS��,W�WKHQ�DGRSWV�D�IRUZDUG�ORRNLQJ�SHUVSHFWLYH�DPLG�WKH�
FXUUHQW�FOLPDWH�RI�XQFHUWDLQW\��PXVLQJ�RQ�IXWXUH�GLUHFWLRQV�DQG�RIIHULQJ�VXJJHVWLRQV�IRU�SRWHQWLDO�
QHZ�DSSOLFDWLRQV�LQ�OLJKW�RI�UHFHQW�WHFKQRORJLFDO�GHYHORSPHQWV�DQG�LQQRYDWLRQV�LQ�WKH�DUHD��
�
.H\ZRUGV��YLUWXDO�ZRUOGV���'�PXOWL�XVHU�YLUWXDO�HQYLURQPHQWV��VLPXODWLRQ��JDPLILFDWLRQ��
DXJPHQWHG�UHDOLW\��QDWXUDO�LQWHUIDFHV�
�

,QWURGXFWLRQ�DQG�EDFNJURXQG�
�
+LJKHU�HGXFDWLRQ�LQVWLWXWLRQV�DFURVV�$XVWUDOLD�DQG�1HZ�=HDODQG�KDYH�EHHQ�XWLOLVLQJ�WKH�DIIRUGDQFHV�RI��'�
YLUWXDO�ZRUOGV��9:��IRU�UHVHDUFK��WHDFKLQJ�DQG�OHDUQLQJ�IRU�D�QXPEHU�RI�\HDUV��VRPH�VLQFH�DV�HDUO\�DV������
�*UHJRU\�HW�DO����������7KH�$XVWUDOLDQ�DQG�1HZ�=HDODQG�9LUWXDO�:RUOGV�:RUNLQJ�*URXS��9::*���WR�ZKLFK�WKH�
DXWKRUV�RI�WKLV�SDSHU�EHORQJ��ZDV�HVWDEOLVKHG�LQ������DQG�FRQVLVWV�RI�DOPRVW�����HGXFDWRUV��HGXFDWLRQDO�
GHVLJQHUV�GHYHORSHUV�DQG�UHVHDUFKHUV�ZLWK�D�GLYHUVH�LQWHUHVW�LQ�9:V��$OPRVW�DOO�RI�WKH�XQLYHUVLWLHV�LQ�WKH�WZR�
FRXQWULHV��D�QXPEHU�RI�$XVWUDOLDQ�7$)(�LQVWLWXWLRQV�DQG�SULYDWH�KLJKHU�HGXFDWLRQ�SURYLGHUV�DV�ZHOO�DV�VHYHUDO�
1HZ�=HDODQG�SRO\WHFKQLFV�DQG�LQVWLWXWHV�RI�WHFKQRORJ\�DUH�UHSUHVHQWHG�LQ�WKH�PHPEHUVKLS�RI�WKH�9::*���
�
$�YDULHW\�RI�9:�SODWIRUPV�KDYH�EHHQ�XVHG�DFURVV�WKH�LQVWLWXWLRQV�EXW�WKH�PDMRULW\�KDYH�EHHQ�XVLQJ�6HFRQG�/LIH�
�6/���2SHQ6LP�DQG��PRUH�UHFHQWO\��8QLW\�'��-LEH�DQG�0LQHFUDIW��7KH�EDFNJURXQG�RI�VRPH�RI�WKH�LQVWLWXWLRQV�
ZLOO�EH�GLVFXVVHG�LQ�UHODWLRQ�WR�WKHLU�XVH�RI�9:V�IRU�OHDUQLQJ�DQG�WHDFKLQJ��SODFLQJ�WKH�UHDGHU�LQ�FRQWH[W��)LUVWO\��
D�VKRUW�OLWHUDWXUH�UHYLHZ�SURYLGHV�DQ�RYHUYLHZ�RI�WKH�XVH�RI�9:V�LQ�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV��7KH�IROORZLQJ�
VHFWLRQ�GLVFXVVHV�KRZ�9:V�KDYH�EHHQ�XVHG�LQ�WKH�SDVW�DW�DXWKRUV¶�LQVWLWXWLRQV��7KH�QH[W�VHFWLRQ�SURYLGHV�DQ�
XQGHUVWDQGLQJ�RI�WKH�SUHVHQW�DQG�ILQDOO\�LPDJLQLQJ�WKH�IXWXUH�ZLWK�VRPH�FRQFOXGLQJ�UHPDUNV�LQ�UHODWLRQ�WR�9:V��
SDVW��SUHVHQW�DQG�IXWXUH��7KLUW\�WZR�PHPEHUV�RI�WKH�9::*�IURP����$XVWUDOLDQ�DQG�1HZ�=HDODQG�LQVWLWXWLRQV�
UHVSRQGHG�WR�D�VXUYH\�UHTXHVWLQJ�LQIRUPDWLRQ�DERXW�WKH�WUHQGV�DIIHFWLQJ�9:V�DW�WKHLU�LQVWLWXWLRQ��7KLUW\�IRXU�
PHPEHUV�UHVSRQGHG�WR�D�UHTXHVW�RQ�KRZ�WKH\�ZHUH�XVLQJ�9:V�LQ�WKH�SDVW��SUHVHQW�DQG�IXWXUH��7KHLU�UHVSRQVHV�
DUH�RXWOLQHG�LQ�WKLV�SDSHU��2YHUDOO�����DXWKRUV�KDYH�FRQWULEXWHG�WR�WKH�GLVFXVVLRQ�LQ�WKLV�SDSHU��
�

'HQLVH�:RRG�
6FKRRO�RI�&RPPXQLFDWLRQ��,QWHUQDWLRQDO�
6WXGLHV�	�/DQJXDJHV�
8QLYHUVLW\�RI�6RXWK�$XVWUDOLD�

&KDUO\QQ�0LOOHU��
6FKRRO�RI�6FLHQFH��,7�	�(QJLQHHULQJ�
8QLYHUVLW\�RI�%DOODUDW�

6KDQH�0DWKHZV�
487�%XVLQHVV�6FKRRO�
4XHHQVODQG�8QLYHUVLW\�RI�7HFKQRORJ\�

'DOH�/LQHJDU�
2]WURQ�

9LFNL�.QR[�
6FKRRO�RI�%HKDYLRXUDO��&RJQLWLYH�	�6RFLDO�
6FLHQFHV�
8QLYHUVLW\�RI�1HZ�(QJODQG�

<YRQQH�0DVWHUV�
6FKRRO�RI�(GXFDWLRQ�
8QLYHUVLW\�RI�1HZ�(QJODQG�

5RVV�%URZQ�
6FKRRO�RI�,QIRUPDWLRQ�6\VWHPV�
4XHHQVODQG�8QLYHUVLW\�RI�7HFKQRORJ\�

*UDQW�0HUHGLWK�
6FKRRO�RI�6FLHQFH��,7�	�(QJLQHHULQJ�
8QLYHUVLW\�RI�%DOODUDW�

&ODUH�$WNLQV�
6FKRRO�RI�%XVLQHVV�	�&RPSXWHU�7HFKQRORJ\�
1HOVRQ�0DUOERURXJK�,QVWLWXWH�RI�7HFKQRORJ\�

$QJHOD�*LRYDQDQJHOL�
)DFXOW\�RI�$UWV�	�6RFLDO�6FLHQFHV�
8QLYHUVLW\�RI�7HFKQRORJ\��6\GQH\�

.DUHQ�/H�5RVVLJQRO�
6FKRRO�RI�&RPPXQLFDWLRQ�	�&UHDWLYH�$UWV�
'HDNLQ�8QLYHUVLW\�

$QGUHZ�&UDP�
1DYLWDV�3URIHVVLRQDO�

(LPHDU�0XLU�&RFKUDQH�
6FKRRO�RI�1XUVLQJ�	�0LGZLIHU\�
)OLQGHUV�8QLYHUVLW\�

$ULQ�%DVX�
6FKRRO�RI�+HDOWK�6FLHQFHV�
8QLYHUVLW\�RI�&DQWHUEXU\�

0LFKDHO�-DFREVRQ�
&R&R�5HVHDUFK�&HQWUH�
7KH�8QLYHUVLW\�RI�6\GQH\�

,DQ�/DUVRQ�
0RQDVK�,QVWLWXWH�RI�3KDUPDFHXWLFDO�6FLHQFHV�
0RQDVK�8QLYHUVLW\�

�
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/LWHUDWXUH�5HYLHZ�
�
,Q�WKH�HDUO\�����V�YLUWXDO�UHDOLW\�HPHUJHG�DV�DQ�LQQRYDWLYH�WHFKQRORJ\�WKDW�FKDQJHG�WKH�ZD\�ZH�LQWHUDFW�ZLWK�D�
FRPSXWHU��,PPHUVLRQ�LQ�DQ�HQYLURQPHQW�ZDV�DVVLVWHG�E\�WKH�DELOLW\�WR�PRYH�DQG�YLHZ�LQ�WKUHH�GLPHQVLRQV���'��
ZLWKLQ�WKH�HQYLURQPHQW�DQG�E\�WKH�XVH�RI�V\QFKURQRXV�FRPPXQLFDWLRQ�ZLWK�RWKHU�XVHUV��7KH�LQFUHDVH�LQ�DFFHVV�
WR�ERWK�KLJKHU�FDSDFLW\�FRPSXWHU�KDUGZDUH��VWRUDJH��JUDSKLFV�DQG�PHPRU\��DQG�KLJKHU�VSHHG�FRQQHFWLYLW\�WR�WKH�
,QWHUQHW�KDV�IDFLOLWDWHG�WKH�DELOLW\�WR�FRQQHFW�WR�ZRUN��VWXG\�DQG�HQWHUWDLQPHQW�DQ\ZKHUH��DQ\WLPH��XVLQJ��'�PXOWL �
XVHU�YLUWXDO�HQYLURQPHQWV��,Q�RXU�GLVFXVVLRQ��ZH�GHILQH�D�9:�DV�D�FRPSXWHU�EDVHG��LPPHUVLYH���'�PXOWL�XVHU�
HQYLURQPHQW�WKDW�VLPXODWHV�UHDO��RU�LPDJLQDU\��OLIH��H[SHULHQFHG�WKURXJK�D�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�XVHU� �
�
$�JUHDW�GHDO�RI�OLWHUDWXUH�KDV�HPHUJHG�LQ�WKH�SDVW����\HDUV�LQ�UHODWLRQ�WR�WKH�SRWHQWLDO�VWUHQJWKV�DQG�OHDUQLQJ�
EHQHILWV�DVVRFLDWHG�ZLWK�WKH�SHGDJRJLFDO�XVH�RI�9:V��VHH��IRU�H[DPSOH��'DOJDUQR�	�/HH��������+HZ�	�&KHXQJ��
������0LNURSRXORV�	�1DWVLV��������:DQJ�	�%XUWRQ���������0DQ\�HGXFDWRUV�KDYH�VHHQ�WKH�SRWHQWLDO�IRU�9:V�
DQG�KDYH�SXUVXHG�WKHLU�XVH�LQ�KLJKHU�HGXFDWLRQ��)RU�WKH�SDVW�WKUHH�\HDUV�WKH�9::*�KDV�GRFXPHQWHG�WKH�XVH�RI�
9:V�LQ�KLJKHU�HGXFDWLRQ�LQ�$XVWUDOLD�DQG�1HZ�=HDODQG��*UHJRU\�HW�DO�������������E��������+HDUQV���������,Q�
WKLV�SDSHU�ZH�FRQWLQXH�WR�GHVFULEH�ZKDW�XQLYHUVLWLHV�DUH�GRLQJ�DQG�DOVR�FRQVLGHU�ZKHUH�WKH\�DUH�JRLQJ��$�VWURQJ�
PHVVDJH�IURP�WKH�OLWHUDWXUH�LV�WKH�QHHG�IRU�VRXQG�OHDUQLQJ�GHVLJQ�DQG�SHGDJRJ\�WKDW�IXOO\�XWLOLVHV�WKH�SRWHQWLDO�RI�
WKH�9:��'DOJDUQR�	�/HH��������0LNURSRXORV�	�1DWVLV��������6DOPRQ��������6DYLQ�%DGHQ�HW�DO����������7KHUH�
LV�DOVR�VRPH�ZD\�WR�JR�LQ�WKH�DUHDV�RI�,7�PDQDJHPHQW�DQG�ORJLVWLFV�RI�9:V��QRW�WR�PHQWLRQ�XVHU�OLWHUDF\�
�'XGHQH\�	�5DPVD\��������0F'RQDOG��5\DQ�HW�DO����������'HVSLWH�WKH�H[LVWHQFH�RI�9:V�RYHU�D�VLJQLILFDQW�
SHULRG�RI�WLPH�ZH�DUH�SHUKDSV�VWLOO�LQ�DQ�H[SORUDWRU\�SKDVH�DV�ZH�DUH�PDSSLQJ�RXW�EHVW�SUDFWLFH�RIWHQ�ZLWKRXW�
LQVWLWXWLRQDO�VXSSRUW��UHVXOWLQJ�LQ�DQ�DSSURDFK�WKDW�LV�OHVV�WKDQ�V\VWHPDWLF��6DOPRQ��������S�������VXJJHVWV��³ZH�
QHHG�PXFK�VWURQJHU�YLVLRQV�WR�KHOS�XV�JHW�UHDG\�WR�SRLQW�WKH�ZD\�WR�HYLGHQFH�EDVHG�UHVHDUFK��UDWKHU�WKDQ�PHUHO\�
µUHDFWLQJ¶�´�&ROOLQV��������S������DOVR�DGYRFDWHV�DQ�LPDJLQDWLYH�DSSURDFK�WR�UHIUDPLQJ�WKH�ZD\�ZH�WKLQN�DQG�WDON�
DERXW�9:V��WKDW�WKH\�DUH�PRUH�RI�³DQ�H[FLWLQJ�QHZ�ODERUDWRU\´�RU�³D�JLDQW�VDQGER[´�UDWKHU�WKDQ�D�³WHFKQRORJ\�
DSSOLFDWLRQ´��9:V�DUH�D�ZD\�WR�VWHS�LQWR�RXU�FROOHFWLYH�LPDJLQDWLRQV�LQ�D�PDQQHU�WKDW�ZH�KDYH�QHYHU�EHHQ�DEOH�
WR�GR�EHIRUH��,Q�WKLV�SDSHU��WKH�DXWKRUV�FRPELQH�WKHLU�DQDO\VLV�RI�HPHUJLQJ�WUHQGV�DQG�GHYHORSPHQWV�ZLWK�WKHLU�
LPDJLQDWLRQV�WR�FROOHFWLYHO\�HQYLVLRQ�WKH�IXWXUH�IRU�9:V�LQ�HGXFDWLRQ��
�
5HPHPEHULQJ�WKH�SDVW�
�
,Q�WKLV�SDSHU�WZHQW\�QLQH�LQVWLWXWLRQV�IURP�WKH�9::*�FRPH�WRJHWKHU�WR�GLVFXVV�WKH�FRQWH[W�RI�WHDFKLQJ��
OHDUQLQJ�DQG�UHVHDUFK�LQ�D�9:�IURP�HLWKHU�WKHLU�SHUVRQDO�DQG�RU�LQVWLWXWLRQ¶V�SRLQW�RI�YLHZ��:KHQ�H[SORULQJ�MRLQW�
SDSHUV�SUHVHQWHG�E\�9::*�DW�DVFLOLWH�RYHU�WKH�SDVW�WKUHH�\HDUV��VHH�*UHJRU\�HW�DO����������������������LW�FDQ�EH�
VHHQ�WKHUH�KDV�EHHQ�PXFK�K\SH�DURXQG�WKH�XVH�RI�9:V�IRU�WHDFKLQJ��OHDUQLQJ�DQG�UHVHDUFK��+RZHYHU��WKLV�LQLWLDO�
H[XEHUDQFH�KDV�VXEVLGHG�DQG�EHHQ�UHSODFHG�ZLWK�D�PRUH�SUDJPDWLF�DSSURDFK�WR�WKHLU�XVH��$W�WKLV�SRLQW�LW�DSSHDUV�
WKDW�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV�DUH�HLWKHU�RSWLQJ�RXW�RI�XVLQJ�9:V��RU�DUH�FRQWLQXLQJ�RQ�D�³EXVLQHVV�DV�XVXDO´�
SDWK�ZLWK�YHU\�IHZ�RSWLQJ�IRU�ODUJH�QHZ�LQLWLDWLYHV��7KRVH�WKDW�FRQWLQXH�WR�XWLOLVH�9:V�GR�VR�HLWKHU�KDYLQJ�
DOUHDG\�GHFLGHG�WR�FHQWUDOO\�VXSSRUW�DQ�LQVWLWXWLRQDO�9:�SUHVHQFH��VRPH�DW�UHGXFHG�OHYHOV�RU�DUH�FRQWLQXLQJ�WR�
XVH�9:V�LQ�D�OLPLWHG�FDSDFLW\��W\SLFDOO\�UHO\LQJ�RQ�WKH�HIIRUWV�RI�LQGLYLGXDOV�RU�VPDOO�WHDFKLQJ�WHDPV��,Q�D�
QXPEHU�RI�FDVHV�WKH�UHOLDQFH�RQ�D�IHZ�NH\�LQGLYLGXDO�FKDPSLRQV�KDV�PHDQW�WKDW�ZKHQ�WKRVH�LQGLYLGXDOV�PRYH�RQ��
WKH�XVH�RI�9:V�GLPLQLVKHV�FRQVLGHUDEO\�RU�FHDVHV�LQ�WKHLU�LQVWLWXWLRQ��WRR�RIWHQ�WKLV�RFFXUV�ZLWKRXW�D�GLJLWDO�
SUHVHUYDWLRQ�VWUDWHJ\�LQ�SODFH�UHVXOWLQJ�LQ�UHVRXUFHV�EHLQJ�ORVW�WR�WKH�FRPPXQLW\��
�
8QGHUVWDQGLQJ�WKH�SUHVHQW�
�
9:V�SURYLGH�D�KLJKO\�IOH[LEOH�DQG�HQJDJLQJ�IDFLOLW\�IRU�VWXGHQWV�DQG�VWDII�WR�EXLOG�VFHQDULRV�DQG�VLPXODWLRQV��
YLUWXDO�PHHWLQJ�SODFHV�DQG�D�SODWIRUP�WR�LQYHVWLJDWH�KRZ�RQOLQH�YLUWXDO�HQYLURQPHQWV�FDQ�PHHW�WHDFKLQJ�DQG�
OHDUQLQJ�QHHGV�LQWR�WKH�IXWXUH��7KH�GLYHUVH�DQG�DFWLYH�FRPPXQLWLHV�LQ�9:V�DQG�WKH�LQFUHGLEOH�UDQJH�RI�UHVRXUFHV�
DYDLODEOH�NHHS�PDQ\�LQVWLWXWLRQV�DFWLYH�LQ�WKHLU�UHVHDUFK��WHDFKLQJ�DQG�OHDUQLQJ�LQ�9:V��7KHUH�UHPDLQV�PXFK�
HQWKXVLDVP�RQ�WKH�XVH�RI�9:V�DPRQJVW�WKH�9:�HGXFDWLRQDO�FRPPXQLW\�EXW�LVVXHV�VXFK�DV�EDQGZLGWK�
DYDLODELOLW\�IRU�VWXGHQWV��LQVWLWXWLRQDO�LQIUDVWUXFWXUH�DQG�VXSSRUW�EORFNDJHV��WKH�UHOLDQFH�RQ�VSHFLDOLVW�VNLOOV�
QHHGHG�WR�XVH�9:�HGXFDWLRQDO�GHYHORSPHQW�WRROV��WKH�VKDULQJ�RI�LQQRYDWLRQV�DQG�DZDUHQHVV�RI�WKH�FDSDELOLWLHV�
RI�9:V�LQ�WKH�JHQHUDO�DFDGHPLF�SRSXODWLRQ�DUH�VWLOO�EDUULHUV�DW�PDQ\�LQVWLWXWLRQV�WKDW�QHHG�WR�EH�RYHUFRPH�
EHIRUH�ZLGHU�DGRSWLRQ�FDQ�EH�DFKLHYHG��
�
0DQ\�DFDGHPLFV�FRQWLQXH�WR�WHDFK�EHFDXVH�RI�WKH�SHGDJRJLFDO�DGYDQWDJHV�DIIRUGHG�E\�WKHVH�HQYLURQPHQWV��ERWK�
IRU�RQ�FDPSXV�DQG�RII�FDPSXV�OHDUQHUV��DQG�EHFDXVH�RI�WKH�OHDUQLQJ�RSSRUWXQLWLHV�WKDW�PLJKW�QRW�H[LVW�RU�EH�
SRVVLEOH�LQ�RWKHU�HQYLURQPHQWV��7KH\�DOVR�UHFRJQLVH�QHZ�OHDUQLQJ�RSSRUWXQLWLHV�WKDW�DULVH�DV�WKH�WHFKQRORJ\�
EHKLQG�WKH�9:�HQYLURQPHQWV�LPSURYHV�DQG�WKH�WHFKQRORJ\�WKDW�JLYHV�XVHUV�DFFHVV�WR�WKH�HQYLURQPHQW�LPSURYHV�
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�H�J��1%1��WDEOHWV��VPDUWSKRQHV��HWF����7KH\�FRQWLQXH�WR�UHVHDUFK�EHFDXVH�OHDUQLQJ�LQ�WKHVH�HQYLURQPHQWV��DV�LQ�
PDQ\�HQYLURQPHQWV��SURYLGHV�RSSRUWXQLWLHV�IRU�UHVHDUFK��VRPH�RI�WKHVH�RSSRUWXQLWLHV�DUH�XQLTXH�WR�WKH�
HQYLURQPHQWV��WKHVH�HQYLURQPHQWV�IDFLOLWDWH�WKH�FROOHFWLRQ�RI�GDWD�LQ�ZD\V�WKDW�PLJKW�QRW�EH�DYDLODEOH�LQ�RWKHU�
HQYLURQPHQWV��DQG��FRPSDULVRQV�RI�WKH�VDPH�OHDUQLQJ�UHODWHG�SKHQRPHQRQ�FDQ�EH�PDGH�EHWZHHQ�9:�
HQYLURQPHQWV�DQG�RWKHU�HQYLURQPHQWV�ZKLFK�PD\�KLJKOLJKW�DVSHFWV�WKDW�ZRXOG�QRW�QHFHVVDULO\�EH�REYLRXV�
ZLWKRXW�VXFK�FRPSDULVRQ��
�
7DEOH���RXWOLQHV�WKH�ZD\�LQ�ZKLFK�9:V�DUH�FXUUHQWO\�EHLQJ�XVHG�DW�HDFK�RI�WKH����LQVWLWXWLRQV�VXUYH\HG�IRU�WKLV�
SDSHU��7KH�WDEOH�GHWDLOV�KRZ�WKH�WHFKQRORJ\�LV�VXSSRUWHG��ZKHWKHU�RQ�DQ�DG�KRF�EDVLV�WKURXJK�WKH�HIIRUWV�RI�
LQGLYLGXDO�DFDGHPLFV�RU�WHDFKLQJ�WHDPV��RIWHQ�IXQGHG�E\�JUDQWV��RU�WKURXJK�FHQWUDOLVHG�LQVWLWXWLRQDO�IXQGLQJ�DQG�
VXSSRUW���WKH�9:�XVHG��WKH�GLVFLSOLQHV�WKDW�DUH�XVLQJ�9:V�DQG�WKH�QDWXUH�RI�WKH�XVH�DW�HDFK�LQVWLWXWLRQ��6/�LV�VWLOO�
WKH�PRVW�FRPPRQ�9:�LQ�XVH�����RI�WKH����LQVWLWXWLRQV���KRZHYHU�LW�UHPDLQV�WKH�VROH�9:�DW�RQO\���LQVWLWXWLRQV��
$OWHUQDWLYHV�DUH�RQ�WKH�ULVH�ZLWK�DSSUR[LPDWHO\�KDOI������RI�WKH�LQVWLWXWLRQV�XVLQJ�2SHQ6LP��DQ�RSHQ�VRXUFH�
HTXLYDOHQW�RI�6/�WKDW�FDQ�EH�LQVWDOOHG�RQ�DQ�LQVWLWXWLRQV¶�VHUYHU��LQGLYLGXDO�3&V�RU�RQ�86%�GHYLFHV��DQG�HLJKW�
LQVWLWXWLRQV�DUH�XVLQJ�8QLW\�'��2WKHU�9:V�XVHG�LQFOXGH�6LP�RQ�D�6WLFN��6RD6�±�D�9:�ZKROO\�FRQWDLQHG�DQG�
XVDEOH�RQ�D�86%�WKXPE�GULYH���-LEH�RU�.LWHO\�EHLQJ�XVHG�DW�RQH�LQVWLWXWLRQ�HDFK�ZLWK�WZR�WULDOOLQJ�0LQHFUDIW��
7KHUH�LV�PXFK�H[SHULPHQWDWLRQ�EHLQJ�XQGHUWDNHQ�WR�ILQG�WKH�³ULJKW´�9:�IRU�WKH�YDULRXV�LQVWLWXWLRQV¶�
UHTXLUHPHQWV��&XVWRP�GHYHORSHG�9:�V\VWHPV�DUH�LQ�D�WLQ\�PLQRULW\�ZLWK�WKH�PDMRULW\�VWLOO�ORRNLQJ�WR�UHDGLO\�
DYDLODEOH�SODWIRUPV��
�
,QVWLWXWLRQV�DUH�XVLQJ�9:V�IRU�D�YDULHW\�RI�UHVHDUFK��OHDUQLQJ�DQG�WHDFKLQJ�DFWLYLWLHV��7KH����VXUYH\HG�
LQVWLWXWLRQV�UHSRUWHG�DFWLYLWLHV�EHLQJ�XQGHUWDNHQ�WKDW�LQFOXGH��UROH�SOD\�DFWLYLWLHV������PDFKLQLPD��YLGHR�FDSWXUHG�
IURP�ZLWKLQ�D�9:�������YLUWXDO�WRXUV������3K'�VWXGHQWV������VWDII�RU�IDFXOW\�GHYHORSPHQW������FDUHHUV�VHUYLFHV������
LQVWLWXWLRQDO�PDUNHWLQJ������DQG��DOWKRXJK�QRW�UHSRUWHG�LQ�WKH�WDEOH��DOO�LQVWLWXWLRQV�DUH�XVLQJ�9:V�IRU�UHVHDUFK��
FROODERUDWLRQ�DQG�FRPPXQLFDWLRQ��,QGLYLGXDOV�DOVR�UHSRUWHG�WKDW�9:V�DUH�EHLQJ�XVHG�IRU�VFHQDULRV�WKDW�DLP�WR�
GHYHORS�D�UDQJH�RI�HPSOR\DELOLW\�RU�³VRIW´�VNLOOV��7DEOH���VXPPDULVHV�WKHVH�ILQGLQJV��
�

7DEOH����6XPPDU\�RI�LQVWLWXWLRQDO�XVH�RI�YLUWXDO�ZRUOGV�
�
,QVWLWXWLRQ�DQG�6XSSRUW�
%DVLV��&HQWUDO�VXSSRUW�RU�
DG�KRF�XVH��

�'�YLUWXDO�
ZRUOG�XVHG�

'LVFLSOLQHV� 1DWXUH�RI�XVH�

&XUWLQ�8QLYHUVLW\�
$G�KRF��

6/��2SHQ6LP��
8QLW\�'��
0LQHFUDIW��
$XJPHQWHG�
5HDOLW\�

%XVLQHVV��3K\VLFV��
%XLOGLQJ��+HDOWK�
6FLHQFHV��/RJLVWLFV�DQG�
6XSSO\�&KDLQ�

7ULDOV��VLPXODWLRQV��VWXGHQW�DFWLYLWLHV��
SURMHFWV��UHWHQWLRQ��

*ULIILWK�8QLYHUVLW\�
$G�KRF��

8QLW\�'��
0LQHFUDIW��6/��
2SHQ6LP��
&ORXG�3DUW\�

(GXFDWLRQ� 6LPXODWLRQV��PDFKLQLPD��WRXUV��
GHPRQVWUDWLRQV�DQG�VWXGHQW�SURMHFWV�EXLOGV��

-DPHV�&RRN�8QLYHUVLW\�
$G�KRF��

2SHQ6LP��
8QLW\�'�

+HDOWK� 'HPRQVWUDWLRQV�

0DQXNDX�,QVWLWXWH�RI�
7HFKQRORJ\�
&HQWUDO�VXSSRUW�

6/��2SHQ6LP�� )RXQGDWLRQ�6WXGLHV��
/DQJXDJH�/LWHUDF\�DQG�
1XPHUDF\��/DQJXDJH�
&XOWXUH�DQG�+LVWRU\�

,QWHUDFWLYH�GHPRQVWUDWLRQV��WRXUV��JURXS�
DFWLYLW\��JXHVW�VSHDNHUV��VWXGHQW�DFWLYLWLHV��
JDPH�EDVHG�DFWLYLWLHV��VLPXODWLRQ�DQG�UROH�
SOD\��

0RQDVK�8QLYHUVLW\�
/RFDO�VXSSRUW�$G�KRF�

6/��8QLW\�'� /DQJXDJHV��3KDUPDF\��
2ULHQWDWLRQ��2XWUHDFK�

6WXGHQW�DFWLYLWLHV��UROH�SOD\��ORZ�OHYHO�$,��
YLUWXDO�WDEOHWLQJ�IDFLOLW\��SURFHVV�VLPXODWLRQ��
FDPSXV�RULHQWDWLRQ�DQG�H[KLELWLRQV��

1HOVRQ�0DUOERURXJK�,QVWLWXWH�
RI�7HFKQRORJ\�
&HQWUDO�VXSSRUW�

6/��2SHQ6LP��
.LWHO\�

/DQJXDJHV� 6WXGHQW�DFWLYLWLHV��JURXS�ZRUN��
FROODERUDWLRQ�DQG�SURMHFWV��

4XHHQVODQG�8QLYHUVLW\�RI�
7HFKQRORJ\�
&HQWUDO�VXSSRUW�

6/� /DZ��(GXFDWLRQ��
0DUNHWLQJ�

0DFKLQLPD�IRU�GHPRQVWUDWLRQV�DQG�
VFHQDULR��WRXUV�DQG�PDUNHWLQJ��

50,7�8QLYHUVLW\�
$G�KRF��

6/�
�

+HDOWK�6FLHQFH��
0HGLFLQH�

5ROH�SOD\�DQG�JURXS�DFWLYLWLHV��

6RXWKHUQ�&URVV�8QLYHUVLW\�
&HQWUDO�VXSSRUW�$G�KRF��

6/��2SHQ6LP��
6RD6�

1XUVLQJ��%XVLQHVV��
(GXFDWLRQ��%XLOGLQJ�

6WXGHQW�FUHDWHG�UHVRXUFHV�IRU�WHDFKLQJ��
'HVLJQ�DQDO\VLV�DQG�FULWLFDO�HYDOXDWLRQ��

8QLYHUVLW\�RI�%DOODUDW�
&HQWUDO�VXSSRUW�

6/� 6FLHQFH��,QIRUPDWLRQ�
7HFKQRORJ\��1XUVLQJ��
(QJLQHHULQJ��0DUNHWLQJ�

'HPRQVWUDWLRQV��PDUNHWLQJ��VXSSRUW�
HQYLURQPHQWV��UROH�SOD\��FROODERUDWLRQ�DQG�
FRRSHUDWLRQ��
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8QLYHUVLW\�RI�1HZ�(QJODQG�
$G�KRF��

6/� (GXFDWLRQ��3KDUPDF\��
$FFRXQWLQJ�

6KRZ��SUDFWLFH�H[DPSOHV��UROH�SOD\��JXHVW�
OHFWXUHV��YLUWXDO�WRXUV��3K'��UHVHDUFK��
PDFKLQLPD�DQG�PHHWLQJV��

8QLYHUVLW\�RI�2WDJR�
&HQWUDO�VXSSRUW�

2SHQ6LP� 0HGLFDO�(GXFDWLRQ� 5ROH�SOD\��FOLQLFDO�GHFLVLRQ�PDNLQJ�DQG�
SHHU�DVVHVVPHQW���

7KH�8QLYHUVLW\�RI�
4XHHQVODQG�
&HQWUDO�VXSSRUW�$G�KRF�

6/��2SHQ6LP��
8QLW\�'��
&XVWRP��
SODWIRUP�

)DFXOW\�'HYHORSPHQW��
(GXFDWLRQ��3KDUPDF\��
6WDWLVWLFV��+HDOWK�

)DFXOW\�GHYHORSPHQW��3K'�UHVHDUFK�VSDFH��
YLUWXDO�FRPSRXQGLQJ�GLVSHQVDU\�DQG�
VWXGHQW�DFWLYLWLHV��

8QLYHUVLW\�RI�6RXWK�$XVWUDOLD�
&HQWUDO�VXSSRUW��

2SHQ6LP��6/� &DUHHUV�� 6HUYLFHV��UHVRXUFH�GHOLYHU\��YLUWXDO�VLWH�
YLVLWV��VFHQDULRV��UROH�SOD\��VRIW�VNLOO�
GHYHORSPHQW�DQG�FDUHHUV��

8QLYHUVLW\�RI�6RXWKHUQ�
4XHHQVODQG�
$G�KRF��

6/��-LEH� &DUHHUV� 9LUWXDO�FDUHHU�IDLU��PDFKLQLPD�DQG�
GHPRQVWUDWLRQV��

7KH�8QLYHUVLW\�RI�:HVWHUQ�
$XVWUDOLD�
/RFDO�6XSSRUW�$G�KRF��

6/� $UW�DQG�)LOP��$QDWRP\��
3K\VLRORJ\��+XPDQ�
%LRORJ\��(GXFDWLRQ��
2XWUHDFK�

'HPRQVWUDWLRQV��VWXGHQW�DFWLYLW\��
VLPXODWLRQV��SXEOLF�H[KLELWLRQV��
FRPSHWLWLRQV��HGXFDWLRQ�RXWUHDFK��
GHPRQVWUDWLRQV�DQG�PDFKLQLPD��

8QLYHUVLW\�RI�:ROORQJRQJ�
/RFDO�6XSSRUW�$G�KRF��

8QLW\�'� 1XUVLQJ� 5ROH�SOD\�DQG�VFHQDULRV��

�
9LFWRULD�8QLYHUVLW\��
$G�KRF��

�
8QLW\�'�

�
7$)(�&RQVWUXFWLRQ��
%LRWHFKQRORJ\��
(QJLQHHULQJ�

�
5ROH�SOD\��VLPXODWLRQ��WRXUV�DQG�HPEHGGHG�
HQHUJ\�HIILFLHQF\�FDOFXODWRUV��

8QLYHUVLW\�RI�:HVWHUQ�
6\GQH\�
&HQWUDO�6XSSRUW��

6/��2SHQ6LP��
8QLW\�'��
L&ORQH��
$XJPHQWHG�
5HDOLW\�

&RPSXWLQJ�DQG�,&7��
,QGXVWULDO�'HVLJQ��
'LJLWDO�+XPDQLWLHV��H�
+HDOWK�DQG�+HDOWK�
6FLHQFHV��/LQJXLVWLFV�

,PPHUVLYH�VLPXODWLRQ�HQYLURQPHQWV�IRU�
UHVHDUFK�DQG�WHDFKLQJ��VWXGHQW�FUHDWHG�
UHVRXUFHV��DXJPHQWHG�UHDOLW\�DQG�URERW�
LQWHJUDWLRQ��

�
2IIOLQH��VWDQGDORQH�9:V�VXFK�DV�6RD6�DUH�QRW�DIIHFWHG�E\�EDQGZLGWK��ZLWK�XVH�DW�D�QXPEHU�RI�SULPDU\�VFKRROV�
VKRZLQJ�WKH�DELOLW\�WR�RIIHU�OHDVW�VRPH�RI�WKH�VDPH�SHGDJRJLFDO�JRDOV�DV�RQOLQH�9:V��7KH�FXUUHQW�WUHQG�WRZDUGV�
EURZVHU�EDVHG�DFFHVV�WR�9:V�PDNHV�LW�HDVLHU�IRU�VWDII�DQG�VWXGHQWV�WR�DFFHVV�9:V�GLUHFWO\��ZKLFK�EULQJ�UROH�
SOD\�DQG�PDFKLQLPD�IRU�GLVWDQFH�HGXFDWLRQ�VWXGHQWV�LQWR�UHDFK��0DFKLQLPD�LV�EHLQJ�XVHG�WR�FRQWH[WXDOLVH�
RWKHUZLVH�DEVWUDFW�FRQFHSWV�DQG�SULQFLSOHV��,QWUDQHW�YHUVLRQV�RI�9:�VHUYHUV�PDNH�WKH�GHYHORSPHQW�RI�LQWHUQDO�
VHFXUH�JULGV�SRVVLEOH��0RELOH�9:�FOLHQWV��WR�IDFLOLWDWH�DG�KRF��XELTXLWRXV�XVDJHV�RI�9:V�LQ�HGXFDWLRQDO�
VFHQDULRV�DUH�DQRWKHU�DUHD�WKDW�LV�VHHLQJ�DQ�LQFUHDVH�LQ�XVH��
�
9:V�DUH�EHLQJ�XVHG�WR�FDWHU�IRU�ODUJH�QXPEHUV�RI�VWXGHQWV�VHHNLQJ�DQ�HGXFDWLRQ�ZKLOH�VWUXJJOLQJ�ZLWK�ZRUN�DQG�
IDPLO\�FRQVWUDLQWV��7KH�XWLOLVDWLRQ�RI�9:V�HQDEOHV�JURXSV�RI�VWXGHQWV�UHPRYHG�IURP�WKH�FDPSXV�WR�ZRUN�LQ�
FROODERUDWLRQ�RQ�SURMHFWV�WKDW�HQKDQFH�WKHLU�OHDUQLQJ�H[SHULHQFHV��7KH\�HQDEOH�OHFWXUHUV�WR�SURYLGH�DFWLYLWLHV�WKDW�
ZRXOG�EH�LPSRVVLEOH�LQ�WKH�UHDO�ZRUOG�ZLWK�WKH�FXUUHQW�HFRQRPLF�FRQVWUDLQWV�LPSRVHG�RQ�WHUWLDU\�LQVWLWXWLRQV���
�
5HVHDUFK�LQ�9:V�LV�EHLQJ�HQFRXUDJHG�DW�VRPH�LQVWLWXWLRQV��SDUWLFXODUO\�LQ�DUHDV�WKDW�ZLOO�OHDG�WR�LPSURYHG�
UHWHQWLRQ�DQG�VXFFHVV�RI�VWXGHQWV��8QLYHUVLWLHV�QHHG�WR�FUHDWH�D�VXSSRUWLYH�HQYLURQPHQW�IRU�WKH�GHYHORSPHQW�RI�D�
ZLGH�UDQJH�RI�YLUWXDO�OHDUQLQJ�HQYLURQPHQWV�LQ�WHUPV�RI�SROLF\��WKH�DFDGHPLF�HQYLURQPHQW��SUDFWLFDO�VXSSRUW�
�SDUWLFXODUO\�LQ�UHODWLRQ�WR�FRPSXWLQJ��DQG�QHWZRUNLQJ�LQIUDVWUXFWXUH�DQG�SUHVHUYDWLRQ���
�
9:V���'�YLUWXDO�HQYLURQPHQWV�DQG�VLPXODWLRQV�KDYH�QRZ�EHHQ�HPEHGGHG�LQ�D�QXPEHU�RI�LQVWLWXWLRQV��:KLOH�QRW�
ZLGHO\�XVHG�DFURVV�DOO�GLVFLSOLQDU\�DUHDV��LW�LV�OLNHO\�WKDW�WKHLU�XVH�ZLOO�FRQWLQXH�WR�JURZ�DQG�GHYHORS�RYHU�WLPH��
DOWKRXJK�WKHLU�JURZWK�LV�PRUH�OLNHO\�WR�EH�GULYHQ�E\�LQGLYLGXDOV�UDWKHU�WKDQ�WKH�FROOHFWLYH�LQVWLWXWLRQ��2Q�WKH�
RWKHU�KDQG��WKH�QRYHOW\�RI�XVLQJ�9:V�IRU�OHDUQLQJ�DQG�WHDFKLQJ�KDV�ZRUQ�RII�IRU�VRPH��DV�KDV�WKH�PRPHQWXP��
SDUWLFXODUO\�JLYHQ�DGYDQFHV�LQ�FORXG�FRPSXWLQJ�DQG�WKH�XVH�RI�WDEOHW�WHFKQRORJLHV�ZKLFK�LQFUHDVLQJO\�SURPLVH�WR�
VWUHDPOLQH�FRUH�FXUULFXOXP�GHOLYHU\���
�
&RXOG�LW�EH�WKDW�ZH�DUH�DW�D�FURVV�URDGV��SHUKDSV�DW�WKH�SRLQW�DW�ZKLFK�:9�WHFKQRORJ\�VWRSV�EHLQJ�DQ��HPHUJLQJ��
WHFKQRORJ\�DQG�PRYHV�WR�PRUH�PDWXUH�OHYHO"�:KLOH�WKH�LQLWLDO�H[XEHUDQFH�DQG�K\SH�VXUURXQGLQJ�9:V�OLNH�6/�
KDV�SDVVHG��WKH�XQGHUO\LQJ�SODWIRUPV�RQ�ZKLFK�LW�LV�EXLOW��DORQJ�ZLWK��'�HQJLQHV�OLNH�8QLW\�'�DUH�QRZ�UHODWLYHO\�
VWDEOH�DQG�PDWXUH�WHFKQRORJLHV�WKDW�DOORZ�D�UDQJH�RI�9:�HQYLURQPHQWV�WR�EH�EXLOW�DQG�XVHG��+RZHYHU��WKH�IXWXUH�
LV�DQ\WKLQJ�EXW�VHW�DQG�ZH�ZLOO�FRQWLQXH�WR�VHH�UHVHDUFK�LQWR�WKH�XVH�RI�9:�SODWIRUPV�DV�HGXFDWRUV�VHDUFK�IRU�WKH�
ULJKW�SODWIRUP�WR�PHHW�WKHLU�VSHFLILF�QHHGV�DQG�VHHN�WR�LQFRUSRUDWH�WKH�HPHUJLQJ�WHFKQRORJLHV�RI�WKH�IXWXUH���
�
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,PDJLQLQJ�WKH�IXWXUH�
�
7KH�DXWKRUV��DOO�H[SHUWV�LQ�WKH�XVH�RI�9:V�IRU�UHVHDUFK��WHDFKLQJ�DQG�OHDUQLQJ��WDNH�RQ�WKH�FKDOOHQJH�RI�
LPDJLQLQJ�KRZ�9:V�ZLOO�EH�XVHG�LQ�WKH�IXWXUH��7KH�IROORZLQJ�VHFWLRQ�IHDWXUHV�VRPH�RI�WKH�LGHDV�WKDW�HPHUJHG�DV�
D�UHVXOW�RI�D�'HOSKL�OLNH�SURFHVV�XVHG�E\�WKH�DXWKRUV��7KLV�ILUVW�LQYROYHG�DQ�RQOLQH�VXUYH\�RI�WKH�JURXS�ZKLFK�ZDV�
WKHQ�IROORZHG�XS�ZLWK�LWHUDWLYH�HGLWLQJ�F\FOHV�WR�DUULYH�DW�WKH�KHDGLQJV�EHORZ��
�
,QFUHDVH�LQ�WKH�ILGHOLW\�DQG�UHDOLVP�RI�YLUWXDO�ZRUOGV�
�
9:V�ZLOO�FRQWLQXH�WR�LPSURYH�LQ�TXDOLW\��OHDGLQJ�WR�HYHQ�JUHDWHU�OHYHOV�RI�YLVXDO��DXGLWRU\�DQG�RWKHU�VHQVRU\�
LPPHUVLRQ��RSHQLQJ�WKH�GRRU�WR�JUHDWHU�RSSRUWXQLWLHV�IRU�DXWKHQWLF�OHDUQLQJ��
�
,QFUHDVH�LQ�ILGHOLW\�DQG�TXDOLW\�
2YHU�WLPH��9:V�ZLOO�LPSURYH�LQ�WHUPV�RI�WKH�ILGHOLW\�ZLWK�ZKLFK�WKH\�DUH�DEOH�WR�VLPXODWH�DVSHFWV�RI�WKH�UHDO�
ZRUOG�DQG�WKH�TXDOLW\�RI�WKH�XVHU�H[SHULHQFH�WKDW�WKH\�DUH�DEOH�WR�GHOLYHU��:KLOH�9:�SODWIRUPV�LQFUHDVH�LQ�WKHLU�
HIILFLHQF\�WR�GLVSOD\�PRUH�GHWDLO�ZLWK�OHVV�GDWD��WKH�EDQGZLGWK�GHPDQGV�DUH�OLNHO\�FRQWLQXH�DV�PRUH�LV�H[SHFWHG��
%DQGZLGWK�DQG�WHFKQRORJLFDO�LVVXHV�PD\�QR�ORQJHU�EH�DQ�REVWDFOH�WR�DFFHVVLQJ�9:V�IRU�PDQ\�LQ�$XVWUDOLD�LI�WKH�
1%1�OLYHV�XS�WR�LWV�SURPLVH�ZKLOH�RWKHUV�PD\�EH�LQFUHDVLQJO\�OHIW�EHKLQG��6RIWZDUH�SODWIRUPV��DYDLODEOH�,QWHUQHW�
EDQGZLGWK�DQG�HQG�XVHU�KDUGZDUH�ZLOO�SURYLGH�HYHQ�JUHDWHU�OHYHOV�RI�LPPHUVLYH�ILGHOLW\��IOH[LELOLW\�RI�GHVLJQ�
�HQYLURQPHQW��SHGDJRJ\��WDVNV��DQG�XVH��DQG�DFFHSWDQFH�E\�OHDUQHUV��9:V�ZLOO�KDYH�FDXJKW�XS�WR�WKH�ORRN�DQG�
IHHO�DQG�RYHUDOO�TXDOLW\�RI�PRUH�DGYDQFHG�YLGHR�JDPHV�DQG�WKHUHIRUH�EHWWHU�DFFHSWHG�E\�DOO�VWDNHKROGHUV�DV�D�
SHGDJRJLFDO�DOWHUQDWLYH��7KH\�ZLOO�LQFUHDVLQJO\�FRPH�FORVHU�WR�WKH��SRVLWLYH��LPDJH�RI�WKH�YLUWXDO�HQYLURQPHQW�
RXWOLQHG�LQ�WKH�ERRN��6QRZ�&UDVK��6WHSKHQVRQ���������$V�D�UHVXOW�WKHUH�ZLOO�EH�PXFK�PRUH�LQWHUDFWLYLW\�EHWZHHQ�
VWDNHKROGHU�DYDWDUV�DQG�JUHDWHU�RSSRUWXQLW\�IRU�FUHDWLYLW\��7KHUH�ZLOO�EH�D�VLQJOH�DYDWDU��ZLWK�RQH�LQYHQWRU\�IRU�
MXVW�RQH�OLIH�WKDW�JRHV�DFURVV�DOO�SODWIRUPV��7KHUH�ZLOO�EH�D�FRQVROLGDWLRQ�LQ�WKH�QXPEHU�RI�9:�SODWIRUPV��
�
9RLFH�WH[W�
9RLFH�DQG�WH[W�FRPPXQLFDWLRQV�ZLOO�EH�LPSURYHG�WR�DSSHDU�LQ�OLQH�ZLWK�IDFH�WR�IDFH�FRPPXQLFDWLRQ��/LS�
V\QFLQJ�ZLOO�EH�HQKDQFHG�DQG�IDFLDO�H[SUHVVLRQV�UHSOLFDWHG��9:�WHFKQRORJ\�KDV�DOUHDG\�PRYHG�VRPH�ZD\�
WRZDUGV�EHLQJ�DEOH�WR�DFKLHYH�WKLV�DW�SUHVHQW�ZLWK�UHDVRQDEO\�DFFXUDWH�OLS�V\QFLQJ�EHLQJ�DYDLODEOH��
�
%OXUULQJ�RI�ERXQGDULHV�EHWZHHQ�WKH�UHDO�DQG�WKH�YLUWXDO�
�
7KH�LQFUHDVH�LQ�WKH�ILGHOLW\�RI�YLUWXDO�9:V�WKHPVHOYHV�ZLOO�DOVR�QHHG�WR�EH�PDWFKHG�E\�LQFUHDVHV�LQ�WKH�DELOLW\�
IRU�SHRSOH�WR�LQWHUDFW�ZLWK�WKHP�LQ�PRUH�UHDOLVWLF�ZD\V��&XUUHQWO\��PRVW�9:V�GR�QRW�NHHS�XS�ZLWK�WKH�YDULHW\�RI�
LQSXW�DQG�GLVSOD\�WHFKQRORJ\�WKDW�LV�DYDLODEOH��9:V�DUH�LQWHQGHG�WR�EH�LPPHUVLYH�EXW�PDQ\�VWLOO�UHO\�RQ�
NH\ERDUG��PRXVH�DQG��'�PRQLWRUV�SODFHG�RQ�GHVNWRSV�DV�WKHLU�LQWHUIDFH��)XWXUH�9:V�ZLOO�QHHG�WR�EUHDN�GRZQ�
WKHVH�EDUULHUV�LQ�RUGHU�WR�HQDEOH�D�WUXO\�LQWHUDFWLYH��LPPHUVLYH�DQG�PRELOH�H[SHULHQFH�E\�WDNLQJ�DGYDQWDJH�RI�WKH�
IXOO�UDQJH�RI�GHYLFHV�DQG�DSSURDFKHV�WKDW�DUH�DYDLODEOH��7KH�DYDLODELOLW\�RI�9:V�WKURXJK�D�PXOWLSOLFLW\�RI�
LQWHUDFWLRQ�GHYLFHV�DQG�PRELOH�FRPSXWLQJ�SODWIRUPV�ZLOO�EOXU�WKH�ERXQGDU\�EHWZHHQ�WKH�9:�DQG�WKH�UHDO�ZRUOG��
0HWDYHUVH�URDGPDS�VXJJHVWV�ZH�WKLQN�RI�WKH�IXWXUH�RI�9:V�³QRW�DV�YLUWXDO�VSDFH�EXW�DV�WKH�MXQFWLRQ�RU�QH[XV�RI�
RXU�SK\VLFDO�DQG�YLUWXDO�ZRUOGV´��6PDUW��&DVFLR�	�3DIIHQGRUIV��������S������
�
0RELOLW\�
0RELOLW\�ZLOO�LQFUHDVH�LQ�WHUPV�RI�RSWLRQV�IRU�XVHU�DFFHVV��0RELOH�WHFKQRORJLHV�IHDWXUHG�SURPLQHQWO\�LQ�WKH�
UHFHQW�10&�UHSRUWV�IRU�$XVWUDOLD�DQG�1HZ�=HDODQG�DQG�DUH�FRQVLVWHQWO\�OLVWHG�DV�EHLQJ�RQ�WKH�LPPHGLDWH��VKRUW�
WHUP��RQH�\HDU�RU�OHVV��KRUL]RQ��-RKQVRQ�HW�DO����������������������������9:V�LQFUHDVLQJO\�ZRUN�DFURVV�
SODWIRUPV�LQFOXGLQJ�PRELOH�GHYLFHV�VXFK�DV�WDEOHWV�DQG�SKRQHV�ZLWK�LQFUHDVLQJ�HDVH�DV�WKH�FDSDELOLWLHV�RI�WKH�
PRELOH�GHYLFHV�LPSURYH�DQG�WKH�FDSDFLW\�RI�PRELOH�QHWZRUNV�WR�ZKLFK�WKHVH�GHYLFHV�DUH�FRQQHFWHG�LQFUHDVH��
4XLFN�5HVSRQVH��45��FRGHV�DUH�DOUHDG\�EHLQJ�XVHG�WR�IDFLOLWDWH�HDV\�DFFHVV�WR�SDUWLFXODU�ORFDWLRQV�DQG�REMHFWV�
ZLWKLQ�D�9:�XVLQJ�PRELOH�GHYLFHV��7KHVH�DUH�WZR�GLPHQVLRQDO�EDUFRGHV�WKDW�FDQ�EH�SKRWRJUDSKHG�XVLQJ�WKH�
FDPHUD�RI�D�PRELOH�SKRQH�RU�VLPLODU�GHYLFH�DV�DQ�DOWHUQDWLYH�WR�W\SLQJ�D�85/��1HZ�GHYLFHV�VXFK�DV�*RRJOH�
*ODVV�ZLOO�IDFLOLWDWH�HYHQ�JUHDWHU�PRELOH�DFFHVV�DQG�JLYHQ�WKH�DXJPHQWHG�UHDOLW\�VW\OH�LQWHUIDFH�WKDW�LV�ZLWKLQ�WKH�
UHJXODU�ILHOG�RI�YLVLRQ�RI�WKH�XVHU��WKLV�ZLOO�OHDG�WR�9:�DFFHVV�EHLQJ�DYDLODEOH�DW�DQ\WLPH��LQ�DQ\�SODFH��6XFK�D�
FRQIOXHQFH�RI�WHFKQRORJLHV�VKRXOG�PHDQ�WKDW�IRU�WKRVH�ZLWK�DFFHVV�WR�WKH�GHYLFHV�DQG�QHWZRUNV��DFFHVV�XVDELOLW\�
LVVXHV�ZRXOG�EH�JUHDWO\�UHGXFHG�RYHU�WLPH��
�
5LFK�DQG�LQWHOOLJHQW�EOHQGHG�OHDUQLQJ�
7KH�IXVLRQ�RI�YLUWXDO�ZRUOGV�DQG�DUWLILFLDO�LQWHOOLJHQFH�ZLOO�FRQWLQXH�WR�SURYLGH�DXWKHQWLF�DXJPHQWHG�
HQYLURQPHQWV�WDLORUHG�IRU�VSHFLILF�SHGDJRJLFDO�VWUDWHJLHV��7KH�UHVXOWLQJ�WHFKQRORJ\�VXSSRUWV�WKH�LQWHJUDWLRQ�RI�
FRQWHPSRUDU\�H�UHVHDUFK�DQG�EOHQGHG�OHDUQLQJ��IRU�H[DPSOH�LQ�WKH�DUHD�RI�GLJLWDO�KXPDQLWLHV��%RJGDQRY\FK�HW�
DO����������6SHFLDOLVHG�DUWLILFLDO�LQWHOOLJHQFH�WHFKQLTXHV�ZLOO�SURYLGH�WKH�DXWKHQWLFLW\�RI�WKH�ORRN�DQG�EHKDYLRXU�RI�
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WKH�SRSXODWLRQV�LQ�WKHVH�HQYLURQPHQWV��)RU�LQVWDQFH��YLUWXDO�FLWLHV�FDQ�EH�SRSXODWHG�ZLWK�GLYHUVH�FURZGV�RI�
YLUWXDO�DJHQWV�WKDW�JHQHWLFDOO\�SUHVHUYH�WKHLU�HWKQLF�IHDWXUHV�WKURXJK�WKH�JHQHUDWLRQV��7UHVFDN�HW�DO�����������
�
$XJPHQWHG�UHDOLW\�
$XJPHQWHG�UHDOLW\��$5��WHFKQRORJ\�KDV�EHHQ�LQ�H[LVWHQFH�IRU�PDQ\�\HDUV��EXW�LV�RQO\�EHJLQQLQJ�WR�HQWHU�WKH�
PDLQVWUHDP�LQ�KLJKHU�HGXFDWLRQ��,W�ZDV�LGHQWLILHG�E\�WKH������$XVWUDOLD±1HZ�=HDODQG�HGLWLRQ�RI�WKH�+RUL]RQ�
5HSRUW�SXEOLVKHG�E\�WKH�1HZ�0HGLD�&RQVRUWLXP��10&��DV�KDYLQJ�OLNHO\�WLPH�WR�DGRSWLRQ�RI�WZR�WR�WKUHH�\HDUV�
�-RKQVRQ��6PLWK��/HYLQH�	�+D\ZRRG���������DQG�E\�WKH�10&¶V������7HFKQRORJ\�2XWORRN�IRU�1HZ�=HDODQG�
7HUWLDU\�(GXFDWLRQ�DV�KDYLQJ�D�WLPH�WR�DGRSWLRQ�RI�IRXU�WR�ILYH�\HDUV��-RKQVRQ��$GDPV�	�&XPPLQV���������$5�
LV�D�³OLYH��GLUHFW�RU�LQGLUHFW��YLHZ�RI�D�SK\VLFDO��UHDO�ZRUOG�HQYLURQPHQW�ZKRVH�HOHPHQWV�DUH�DXJPHQWHG��RU�
VXSSOHPHQWHG��E\�FRPSXWHU�JHQHUDWHG�VHQVRU\�LQSXW�VXFK�DV�VRXQG��YLGHR��JUDSKLFV�RU�*36�GDWD´��:LNLSHGLD��
�������$5�RIIHUV�JUHDW�SURPLVH�IRU�D�JUHDWHU�EOHQGLQJ�RI�WKH�UHDO�DQG�YLUWXDO�WKDW�ZLOO�SURGXFH�QHZ�HGXFDWLRQDO�
RSSRUWXQLWLHV��7KLV�LV�OLNHO\�WR�LQFOXGH�D�VRFLDO�DQG�PXOWL�XVHU�DXJPHQWHG�UHDOLW\�DV�KDV�EHHQ�VHHQ�ZLWK�WKH�
GHYHORSPHQW�RI��'�PRELOH�VRFLDO�PHGLD�WRROV��([DPSOHV�RI�$5�DSSOLFDWLRQV�LQ�KHDOWK�VFLHQFHV�DQG�YHWHULQDU\�
VFLHQFH�HGXFDWLRQ�LQFOXGH�LPSRVLQJ�WKH�LQWHUQDO�DQDWRP\�RI�D�ERG\�RYHU�WKDW�RI�D�OLYH�YLGHR�YLHZ�RI�D�UHDO�ERG\�
IRU�D�VLPXODWHG�ORRN�LQVLGH�WKH�ERG\�RU�IRU�YLUWXDO�VXUJHU\�SUDFWLFH��6WXGHQWV�LQ�KLVWRU\�RU�DUFKDHRORJ\�FRXOG�
YLHZ�ODQGVFDSHV�RU�FLW\VFDSHV�WR�VHH�YLHZV�RI�KRZ�WKH�ORFDWLRQ�DSSHDUHG�LQ�WKH�SDVW�XVLQJ�PRELOH�GHYLFHV�RU�
+8'�GHYLFHV�VXFK�DV�*RRJOH�*ODVV��ZKLOH�VWXGHQWV�LQ�DUFKLWHFWXUH�FRXOG�YLHZ�KRZ�D�EXLOGLQJ�GHVLJQ�ZRXOG�VLW�
LQ�WKH�ODQGVFDSH��,QGXVWULDO�DQG�SURGXFW�GHVLJQ�VWXGHQWV�FRXOG�XVH�$5�PRGHOV�WR�DVVLPLODWH�WKHLU�GHVLJQHG�
DUWHIDFWV�LQ��'�DOORZLQJ�IRU�UDSLG�FKDQJHV�VXFK�DV�VKDSH��FRORXU�DQG�WH[WXUH�WR�EH�GRQH�LQ�UHDO�WLPH��7RGD\�
VLPSOH�LQWHUDFWLYH�$5�PRGHOV�FDQ�EH�PDQLSXODWHG��7KLV�LV�GRQH�E\�XVLQJ�$5�PDUNHUV�WKDW�DUH�SULQWHG�RQ�SDSHU�
WKDW�FDQ�EH�YLHZHG�WKURXJK�$5�YLHZHU�DSSOLFDWLRQV�VKRZLQJ�D�YLGHR�IHHG�RI�WKH�VFHQH�ZLWK�WKH��'�PRGHO�
VXSHULPSRVHG�LQ�FRQWH[W��7KH�XVHU�FDQ�PRYH��URWDWH�RU�EORFN�SRUWLRQV�RI�WKH�PDUNHU�WR�SURGXFH�FKDQJHV�LQ�WKH�
PRGHO��IRU�H[DPSOH��URWDWH�D��'�H[SORGHG�YLHZ�RI�FRPSRQHQWV�RI�D�FDU�RU�WDS�RQ�D�YLUWXDO�GUXP�NLW�WR�SURGXFH�
PXVLFDO�WXQHV��2WKHU�H[DPSOHV�LQFOXGH��'�FDU�UDFLQJ�JDPHV�WKDW�FDQ�UDFH�GLIIHUHQW�XVHUV��VSDFHFUDIW�WKDW�FDQ�EH�
FUHDWHG�DQG�PRYHG�RU��'�PRGHOV�RI�VKRHV�ZKHUH�XVHUV�FDQ�FKDQJH�WKHLU�DWWULEXWHV��6LQFH�$5�FDQ�DOVR�EH�
WULJJHUHG�E\�*36�DQG�ORFDWLYH�GDWD��LW�FDQ�EH�XVHG�WR�UHYHDO�UHODWLRQVKLSV�EHWZHHQ�SK\VLFDO�ORFDWLRQV�DQG�RWKHU�
UHOHYDQW�LQIRUPDWLRQ��H�J���DV�D�QDYLJDWLRQ�DLG�RU�DVVRFLDWLQJ�LQGLJHQRXV�NQRZOHGJH�ZLWK�DUWZRUNV�RQ�GLVSOD\��
�
+HDG�PRXQWHG�GLVSOD\V�
%\�XVLQJ�D�KHDG�PRXQWHG�GLVSOD\��XVHUV�ZLOO�EH�DEOH�WR�IXOO\�LPPHUVH�WKHPVHOYHV�LQ�WKH�9:V��SURYLGLQJ�WKH�
VHQVRU\�LOOXVLRQ�RI�DFWXDOO\�EHLQJ�WKHUH��3UHOLPLQDU\�UHVHDUFK�VKRZV�WKDW�XVHUV�RI�GHYLFHV�VXFK�DV�WKH�2FXOXV�5LIW�
KDYH�D�KLJKHU�SHUFHSWLRQ�RI�LPPHUVLRQ�DQG�GHYHORS�D�QHDU�³KDSWLF´�IHHOLQJ�RI�YLUWXDO�REMHFWV��5HLQHUV��:RRG�	�
*UHJRU\��XQGHU�UHYLHZ���:KLOH�VXFK�GLVSOD\V�KDYH�EHHQ�LQ�H[LVWHQFH�IRU�PDQ\�\HDUV��WKHLU�GHFUHDVLQJ�FRVW��VL]H�
DQG�ZHLJKW�LQ�UHFHQW�\HDUV�KDYH�DOORZHG�WKHP�WR�HQWHU�WKH�FRPPHUFLDO�PDLQVWUHDP���'�VWHUHRVFRSLF�JODVVHV�
WDUJHWHG�DW�KRPH�XVHUV�DUH�QRZ�ZLGHO\�DYDLODEOH�IRU�JDPLQJ�DQG��'�YLGHR�YLHZLQJ�SXUSRVHV���
�
*HVWXUH�EDVHG�DQG�RWKHU�QDWXUDO�XVHU�LQWHUIDFHV�
7KURXJK�DGYDQFHV�LQ��DQG�PDLQVWUHDPLQJ�RI���'�PRWLRQ�VHQVLQJ�WHFKQRORJLHV��JHVWXUH�EDVHG�PRYHPHQW�ZLOO�
EHFRPH�UHDGLO\�DYDLODEOH�VR�WKDW�ZKDW�RQH�LV�GRLQJ�LQ�WKH�UHDO�ZRUOG�LV�HQDFWHG�DQG�UHSUHVHQWHG�WKURXJK�WKH�
DYDWDU�LQ�WKH�9:��7KRVH�LQ�WKH�9:�ZLOO�EH�DEOH�WR�VHH�ERG\�ODQJXDJH�GLVSOD\HG�WKURXJK�WKH�DYDWDUV��7KH�10&��
LQ�LWV������+RUL]RQ�5HSRUW�IRU�$XVWUDOLD�DQG�1HZ�=HDODQG��SUHGLFWHG�WKDW�JHVWXUH�EDVHG�FRPSXWLQJ�ZRXOG�HQWHU�
WKH�KLJKHU�HGXFDWLRQDO�PDLQVWUHDP�ZLWKLQ�IRXU�WR�ILYH�\HDUV��-RKQVRQ�HW�DO����������DQG�DIILUPHG�WKLV�SUHGLFWLRQ�
LQ�WKH������7HFKQRORJ\�2XWORRN�IRU�1HZ�=HDODQG��-RKQVRQ�HW�DO����������7KH������7HFKQRORJ\�2XWORRN�IRU�
$XVWUDOLD�DJDLQ�HFKRHG�WKLV��WKRXJK�XVLQJ�WKH�EURDGHU�WHUP�³QDWXUDO�XVHU�LQWHUIDFHV´��-RKQVRQ�HW�DO����������
(PSRZHUHG�E\�VXFK�LQQRYDWLRQV��HGXFDWRUV�ZLOO�EH�EHWWHU�SODFHG�WR�GHVLJQ�LQWHUDFWLYH�WDFWLOH�OHDUQLQJ�WDVNV�LQ�D�
9:�WR�HQJDJH�VWXGHQWV�DQG�HQFRXUDJH�WKH�DFKLHYHPHQW�RI�VXSHULRU�HGXFDWLRQDO�RXWFRPHV��+DSWLF�JORYHV�DUH�DQ�
H[DPSOH�WKDW�KDYH�EHHQ�DURXQG�IRU�PDQ\�\HDUV�DOORZLQJ�WDFWLOH�DQG�JHVWXUH�EDVHG�PRYHPHQWV��6XFK�GHYLFHV��
DORQJ�ZLWK�PRYHPHQW�EDVHG�VHQVRUV�VXFK�DV�.LQHFW�DQG�5D]HU�+\GUD��ZLOO�FRQWLQXH�WR�ILQG�XVHV�HQDEOLQJ�9:�
SDUWLFLSDWLRQ�WR�EHFRPH�DOO�WKH�PRUH�UHDO��ZLWK�PDQ\�VHQVHV�EHLQJ�XVHG��<HRP���������
�
(PERGLPHQW�
$YDWDUV�ZLOO�LQFUHDVLQJO\�EH�FDSDEOH�RI�ORRNLQJ�OLNH�WKHLU�XVHU�DQG�FRQVHTXHQWO\�LPPHUVLRQ�E\�VWXGHQWV�OHDUQLQJ�
LQ�D�9:�ZLOO�EHFRPH�PRUH�LQWHQVH��0RUH�UHDOLVWLF�ERG\�ODQJXDJH�DQG�DQLPDWLRQV�IRU�DYDWDUV�ZLOO�EHFRPH�
PDLQVWUHDP��7KHUH�ZLOO�EH�HDVLHU�DQG�PRUH�LQWXLWLYH�ZD\V�WR�³WULJJHU´�DYDWDU�DFWLRQV�EXW�OLYH�VWUHDPLQJ�
PRYHPHQW�LV�VWLOO�VRPH�GLVWDQFH�DZD\�IURP�FRPLQJ�WR�IUXLWLRQ��/RZ�FRVW�HTXLSPHQW�OLNH�WKH�.LQHFW�DQG�VRIWZDUH�
SDFNDJHV�OLNH�L&ORQH�FDQ�SURGXFH�PRUH�OLIHOLNH�ERG\�ODQJXDJH�DQG�JHVWXUHV��ZKLFK�HQULFKHV�WKH�LQWHUDFWLRQV�
EHWZHHQ�DYDWDUV�DQG�SURYLGH�PRUH�UHDOLVWLF�OHDUQLQJ�RSSRUWXQLWLHV��
�
+RORJUDSKV�
9:V�ZLOO�HYHQWXDOO\�FRPH�RII�WKH�FRPSXWHU�VFUHHQ�DQG�EH�SURMHFWHG�KRORJUDSKLFDOO\��SURYLGLQJ�HYHQ�JUHDWHU�
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GLPHQVLRQ�WR�WKH�OHDUQLQJ�H[SHULHQFH��&LVFR�UHFHQWO\�EHJDQ�PDUNHWLQJ�KRORJUDSKLF�WHOHSUHVHQFH�
YLGHRFRQIHUHQFLQJ�V\VWHPV��VHH�9DQ'HUYRRUW��������WKDW�KDYH�WKH�SRWHQWLDO�WR�JUHDWO\�LPSURYH�WKH�VHQVH�RI�FR�
SUHVHQFH�H[SHULHQFHG�E\�JHRJUDSKLFDOO\�GLVWULEXWHG�XVHUV��
�
:HDUDEOH�WHFKQRORJ\�
7KH�PRVW�UHFHQW�10&�7HFKQRORJ\�2XWORRN�IRU�$XVWUDOLD�DQG�1HZ�=HDODQG�LGHQWLILHV�ZHDUDEOH�WHFKQRORJ\�DV�
EHLQJ�ZLWKLQ�WKH�IRXU�WR�ILYH�\HDU�DGRSWLRQ�KRUL]RQ��-RKQVRQ�HW�DO����������6XFK�WHFKQRORJ\�ZLOO�JLYH�SHRSOH�WKH�
DELOLW\�WR�ZHDU�GHYLFHV�RQ�WKHLU�ERGLHV�DV�DFFHVVRULHV�RU�DV�SDUW�RI�WKHLU�FORWKLQJ�DQG�EH�LQZRUOG�ZKLOVW�
XQGHUWDNLQJ�RWKHU�DFWLYLWLHV��'HYLFHV�OLNH�*RRJOH�*ODVV�ZLOO�HQDEOH�WKLV�WR�RFFXU�ZKHUH�VRPHRQH�FDQ�FRQWLQXH�WR�
XQGHUWDNH�WKHLU�ZRUN�LQ�WKH�UHDO�ZRUOG��EXW�KDYH�YLUWXDO�LQZRUOG�DFWLYLWLHV�WKDW�WKH\�DUH�SDUWLFLSDWLQJ�DYDLODEOH�
WKURXJK�WKHLU�JODVVHV��:HDUDEOH�FRPSXWLQJ�ZLOO�EH�HQDEOHG�DV�WKH�VL]H�RI�FRPSXWLQJ�GHYLFHV�FRQWLQXHV�WR�VKULQN�
DQG�WKHLU�SRZHU�LQFUHDVH��DOORZLQJ�LQGLYLGXDOV�WR�WDNH�D�9:�ZLWK�WKHP�RQ�WKH�JR��
�
/HDUQLQJ�GHVLJQ��SHGDJRJ\�DQG�DVVHVVPHQW�LQ�YLUWXDO�ZRUOGV��
�
*LYHQ�WKH�LQFUHDVHV�LQ�ILGHOLW\��LQWHUDFWLRQ�TXDOLW\�DQG�DYDLODELOLW\��WKH�UDQJH�RI�SRWHQWLDO�HGXFDWLRQDO�XVHV�IRU�
9:V�ZLOO�FRQWLQXH�WR�H[SDQG��,Q�WKH�IXWXUH��WKH�OHYHO�RI�XQGHUVWDQGLQJ�RI�ZKDW�LV�EHVW�WDXJKW�XVLQJ�9:V�ZRXOG�
QHHG�WR�EH�PRUH�FOHDUO\�GHILQHG�DQG�UHVHDUFK�EDVHG��7KLV�ERG\�RI�NQRZOHGJH�ZLOO�KDYH�EXLOW�XS�RYHU�WLPH�DQG�
ZLOO�SURYLGH�D�IDU�EHWWHU�XQGHUVWDQGLQJ�RI�SHGDJRJ\�DQG�RI�WKH�EHVW�XWLOLVDWLRQ�RI�9:V�IRU�D�JLYHQ�WHDFKLQJ�DQG�
OHDUQLQJ�RXWFRPH���
�
$XWKHQWLF�OHDUQLQJ�
7KHUH�ZLOO�EH�DQ�LQFUHDVH�LQ�SUHVVXUH�WR�HQVXUH�WKDW�UHVHDUFK��OHDUQLQJ�DQG�WHDFKLQJ�ZLOO�EH�DXWKHQWLF��7DVNV�
VKRXOG�RIIHU�RSSRUWXQLWLHV�WR�H[DPLQH�SUREOHPV�IURP�GLIIHUHQW�SHUVSHFWLYHV��UHTXLUH�FROODERUDWLRQ��UHIOHFWLRQ�DQG�
VHDPOHVV�LQWHJUDWLRQ�ZLWK�DVVHVVPHQW��+HUULQJWRQ��5HHYHV�	�2OLYHU���������$XWKHQWLF�WDVNV�VKRXOG�KDYH�UHDO�
ZRUOG�UHOHYDQFH�DQG�PDWFK�LW�DV�QHDUO\�DV�SRVVLEOH��9:V�DUH�HVSHFLDOO\�VXLWDEOH�IRU�HQJDJLQJ�LQ�VLWXDWHG�UROH�
SOD\V��&DUUROO��$QGHUVRQ�	�&DPHURQ��������)OLQWRII��������WR�IDFLOLWDWH�DXWKHQWLF�DFWLYLWLHV��$XWKHQWLFLW\�ZLOO�EH�
ERXJKW�DERXW�ZLWK�PRUH�UHDOLVWLF�VWRU\OLQHV�DQG�DVVHVVPHQW�EDVHG�RQ�WKH�VWRU\�FRQWH[W�DQG�GHFLVLRQ�SRLQWV��
$XWKHQWLF�OHDUQLQJ�VFHQDULRV�XQGHUWDNHQ�LQ�9:V�ZLOO�SURYLGH�RSSRUWXQLWLHV�IRU�WKH�OHDUQHU�WR�XQGHUVWDQG�
FRQFHSWV�DQG�SUDFWLVH�OHDUQLQJ�WKDW�PD\�EH�LPSRVVLEOH�WR�GR�LQ�UHDO�OLIH��
�
&RPELQLQJ�LQGLYLGXDO��DV\QFKURQRXV�DQG�V\QFKURQRXV�FROODERUDWLYH�OHDUQLQJ�
$�GLFKRWRP\�KDV�HPHUJHG�LQ�WKDW�ERWK�PXOWL�XVHU�RU�OLYH�V\QFKURQRXV�DFWLYLW\�LQ�D�9:�DQG�FORVHG�9:V�ZKHUH�
VWXGHQWV�FDQ�VHOI�H[SORUH�VFHQDULRV�DV�PDQ\�WLPHV�DV�WKH\�OLNH�LV�RFFXUULQJ��6HOI�SDFHG�DFWLYLWLHV�FRXOG�LQYROYH�
WKH�XVH�RI�ERWV��QRQ�SOD\HU�FKDUDFWHUV���PDFKLQLPD��RU�6RD6��,QGHHG�LW�FRXOG�EH�DUJXHG�WKDW�WDNLQJ�D�IOH[LEOH��
QRQ�WLPH�GHSHQGHQW�UHVRXUFH�OLNH�D�9:�DQG�FRQVWUDLQLQJ�LW�LV�WR�UHWDUG�LWV�SRWHQWLDO��+RZHYHU��LI�ZH�ZHUH�WR�
FRQVLGHU�WKH�KLJKHU�RUGHU�WKLQNLQJ�SURFHVVHV�LQYROYHG�ZKHQ�D�VWXGHQW�LV�JLYHQ�WKH�RSSRUWXQLW\�WR�HYDOXDWH�WKH�
LQZRUOG�GHVLJQ�RI�D�SHHU��RU�HQJDJH�LQ�D�FRPSOH[�PXOWLIDFHWHG�SUREOHP�VFHQDULR��WKHQ�WKH�DV\QFKURQRXV�WDVN�
ZRXOG�KDYH�HGXFDWLRQDO�PHULW��9:V�ZLOO�EH�LQFUHDVLQJO\�XVHG�IRU�VWXGHQW�VHOI�SUDFWLFH�VHVVLRQV�LQ�WKLV�PDQQHU��
7KHVH�EUDQFKHV�KDYH�WKH�SRWHQWLDO�WR�EH�PXWXDOO\�FRPSOHPHQWDU\��([DPSOHV�FRXOG�EH��
�
x� 6WXGHQWV�SHUIRUPLQJ�FHUWDLQ�DFWLYLWLHV�LQ�VWDQGDORQH�YHUVLRQV�RI�YDULRXV�9:V��H�J��6RD6���
x� 3UHSDULQJ�LWHPV�RU�SURMHFWV�WR�EH�GLVSOD\HG�LQ�D�ORFDWLRQ�LQ�D�PXOWL�XVHU�9:�HQYLURQPHQW�VXFK�DV�6/�RU�

2SHQ6LP�IRU�RWKHU�SHRSOH�WR�VHH�DQG�HYDOXDWH��
x� 3UDFWLFLQJ�D�UDQJH�RI�VNLOOV�EHIRUH�ODXQFKLQJ�LQWR�WKH�ELJJHU�PRUH�FKDRWLF�PXOWL�XVHU�HQYLURQPHQW��
x� 0DNLQJ�SDUWV�RI�PDFKLQLPD�LQ�WKH�VWDQGDORQH�HQYLURQPHQW�IRU�LQFRUSRUDWLRQ�LQWR�D�ODUJHU�PDFKLQLPD�WKDW�

PD\�EH�ILQLVKHG�RII�RU�VKRZQ�LQ�D�PXOWL�XVHU�HQYLURQPHQW���
x� 3UHSDULQJ�LQGLYLGXDO�DVVLJQPHQWV�IRU�VXEPLVVLRQ�WR�WKH�WHDFKHU�RU�SHHUV�IRU�PDUNLQJ��
�
$FWLRQ�EDVHG�OHDUQLQJ�DVVHVVPHQW��
/HDUQLQJ�LQ�9:V�HVWDEOLVKHG�LWV�LPSRUWDQFH�DQG�LWV�SODFH�LQ�9:�VWXGLHV�GXULQJ�WKH�ODVW�GHFDGH�DQG�FRQVHTXHQWO\�
DVVHVVPHQW�SOD\HG�DQ�LPSRUWDQW�UROH�LQ�WKH�SURFHVV��'LIIHUHQW�SURMHFWV�ZHUH�GHYHORSHG�WR�DVVHVV�VWXGHQWV¶�
OHDUQLQJ�LQ�9:V��9LUWXDO35(;��*UHJRU\�HW�DO���������LV�D��'�LPPHUVLYH�YLUWXDO�SURIHVVLRQDO�H[SHULHQFH�
HQYLURQPHQW��XVLQJ�IRUPDWLYH�DVVHVVPHQW�WR�SURYLGH�SUH�VHUYLFH�WHDFKHUV�ZLWK�WHDFKLQJ�H[SHULHQFHV��6WHDOWK�
DVVHVVPHQW��DV�GHILQHG�E\�6KXWH�HW�DO��������S��������LV�³HPEHGGHG�DVVHVVPHQWV�«�VR�VHDPOHVVO\�ZRYHQ�LQWR�WKH�
IDEULF�RI�WKH�OHDUQLQJ�HQYLURQPHQW�WKDW�WKH\�DUH�YLUWXDOO\�LQYLVLEOH´�DQG�³FDQ�EH�DFFRPSOLVKHG�YLD�DXWRPDWHG�
VFRULQJ�DQG�PDFKLQH�EDVHG�UHDVRQLQJ�WHFKQLTXHV�WR�LQIHU�WKLQJV�WKDW�ZRXOG�EH�WRR�KDUG�IRU�KXPDQV��H�J��
(VWLPDWLQJ�WKH�YDOXH�RI�HYLGHQFH�EDVHG�FRPSHWHQFLHV�DFURVV�D�QHWZRUN�RI�VNLOOV�´��$O�6DPDGL�HW�DO���������
SURSRVHG�D�IUDPHZRUN�WR�GHVLJQ�DVVHVVPHQW�DQG�IHHGEDFN�IRU�VHULRXV�JDPHV�XVLQJ�VWHDOWK�DVVHVVPHQW��9:V�
SURYLGH�XVHUV�ZLWK�D�FKDQFH�RI�H[SHULHQFLQJ�UHDO�OLIH�VLWXDWLRQV�WR�OHDUQ�E\�DFWLQJ�LQ�WKHVH�HQYLURQPHQWV��$FWLRQ�
EDVHG�OHDUQLQJ�DVVHVVPHQW�PHWKRG��$/$0���)DUGLQSRXU�	�5HLQHUV��XQGHU�UHYLHZ��HQDEOHV�YLUWXDO�WUDLQLQJ�
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HQYLURQPHQWV�WR�UHFRJQLVH�DYDWDUV¶�DFWLRQV��ZKLFK�DUH�WKH�UHIOHFWLRQ�RI�KXPDQ�XVHU�DFWLRQV��FODVVLI\�WKHVH�
DFWLRQV��DQG�HYHQWXDOO\�DQDO\VH�DQG�HYDOXDWH�WKHP��$/$0�XVHV�DQ�RSHQ�WD[RQRP\�WR�EH�DSSOLFDEOH�LQ�HYHU\��'�
YLUWXDO�HQYLURQPHQW�DQG�DFWLRQ�UHFRJQLWLRQ�V\VWHP��&XUUHQWO\��DFWLRQ�EDVHG�OHDUQLQJ�DVVHVVPHQW�LV�XVHG�LQ�YLUWXDO�
WUDLQLQJ�HQYLURQPHQWV�DV�D�VSHFLDOLVHG�IRUP�RI�9:V��EXW�WKLV�DVVHVVPHQW�PHWKRG��RU�LWV�FRPSRQHQWV��FDQ�EH�
H[WHQGHG�DQG�DGDSWHG�LQWR�GLIIHUHQW�YLUWXDO�HQYLURQPHQWV�VXFK�DV�JDPHV��9:V��YLUWXDO�OHDUQLQJ�HQYLURQPHQWV��
DQG�YLUWXDO�WUDLQLQJ�V\VWHPV��,PPHUVLYH�WHFKQRORJLHV�KDYH�GUDPDWLFDOO\�GHYHORSHG�LQ�UHFHQW�GHFDGHV��)URP�WKH�
ILUVW�XVHV�RI�YLUWXDO�UHDOLW\�LQ�HDUO\�VL[WLHV��3LPHQWHO�	�7HL[HLUD��������WR�WRGD\¶V�DGYDQFH�LPPHUVLYH�
WHFKQRORJLHV��WKH�PDLQ�LGHD�ZDV�WR�LPPHUVH�XVHUV�LQWR�D�9:�DQG�SURYLGH�WKHP�D�OLIH�OLNH�H[SHULHQFH�LQ�OHDUQLQJ��
HQWHUWDLQPHQW��EXVLQHVV��HWF��0RGHOOLQJ��WRJHWKHU�ZLWK�DQDO\VLQJ�KXPDQ�EHKDYLRXU��SHUIRUPDQFH�DQG�VNLOOV�YLD�
9:V��QHHGV�WKH�LGHQWLILFDWLRQ�DQG�HYDOXDWLRQ�RI�FRQGXFWHG�DFWLRQV��7KLV�LV�WKH�VLJQLILFDQW�FRQWULEXWLRQ�RI�$/$0�
DV�ZHOO�DV�WKH�WD[RQRP\�RI�DFWLRQV�LQ�YLUWXDO�WUDLQLQJ�HQYLURQPHQWV��WR�WKH�IXWXUH�DGYDQFHPHQWV�LQ�9:V��
�
$QRQ\PLW\�
7KH�DELOLW\�WR�KDYH�DQ�DQRQ\PRXV�DYDWDU�ZLOO�FRQWLQXH�WR�EH�WKH�FKRLFH�RI�WKH�XVHU��0DQ\�HGXFDWRUV�LQVLVW�RQ�
WKHLU�VWXGHQWV�KDYLQJ�DYDWDUV�WKDW�DUH�QRW�NQRZQ�WR�RWKHUV�IRU�DXWKHQWLF�UROH�SOD\�DFWLYLWLHV��VXFK�DV�SOD\LQJ�WKH�
UROH�RI�D�SULPDU\�VFKRRO�VWXGHQW�LQ�D�WHDFKLQJ�SUDFWLFH�VFHQDULR��*UHJRU\���������RU�VR�WKDW�WKH�VWXGHQW�FDQ�VWDWH�
KRZ�WKH\�IHHO�ZLWKRXW�WKH�NQRZOHGJH�WKDW�RWKHUV�NQRZ�ZKR�WKH\�DUH��7KLV�LV�VRPHWLPHV�LPSRUWDQW�IRU�WKH�PRUH�
VK\�VWXGHQWV�ZKR�ZLOO�RIWHQ��LQ�D�OLYH�FODVVURRP�VLWXDWLRQ��DYRLG�SDUWLFLSDWLQJ�LQ�FODVVURRP�GLVFXVVLRQV�GXH�WR�
YDULRXV�UHDVRQV��LQFOXGLQJ�WKH�SHUFHLYHG�ULVN�RI�±�ULGLFXOH��ODFN�RI�FRQILGHQFH�RU�QRW�ZDQWLQJ�WR�VWDQG�RXW��
$QRQ\PLW\�FDQ�DVVLVW�LQ�DYRLGLQJ�WKHVH�IHHOLQJV��
�
6LPXODWLRQV�DQG�VFHQDULRV�ZKHUH�LPPHUVLRQ�HOHPHQWV�DUH�LPSRUWDQW�
9:V�ZLOO�EH�DEOH�WR�SURYLGH�VLPXODWLRQV�LQ�GLIILFXOW�VLWXDWLRQV�VWXGHQWV�PD\�SRVVLEO\�IDFH�LQ�WKHLU�FDUHHUV��7KLV�
ZLOO�LQFOXGH�FRPSOH[�LQWHUSHUVRQDO�VFHQDULRV�WKDW�ZLOO�HTXLS�JUDGXDWHV�RI�WKH�KHOSLQJ�SURIHVVLRQV�ZLWK�
LQWHUSHUVRQDO�VNLOOV�GHYHORSHG�DW�D�KLJKHU�OHYHO�IRU�LQFUHDVLQJO\�FRPSOH[�ZRUNLQJ�HQYLURQPHQWV��
�
*DPH�EDVHG�OHDUQLQJ�DQG�JDPLILFDWLRQ�
7KH�QH[W�IHZ�\HDUV�ZLOO�VHH�JUHDWHU�FRQYHUJHQFH�EHWZHHQ�9:V�DQG�JDPHV��ZLWK�PRUH�ZLGHVSUHDG�DFFHSWDQFH�RI�
JDPLILFDWLRQ�LQ�WHDFKLQJ�DQG�OHDUQLQJ��*DPH�EDVHG�OHDUQLQJ�DSSHDUV�XQGHU�WKH�³WZR�WR�WKUHH�\HDUV´�WLPH�WR�
DGRSWLRQ�VHFWLRQ�LQ�WZR�10&�UHSRUWV��-RKQVRQ�HW�DO����������������,W�VHHPV�OLNHO\�WKDW�LPPHUVLYH�JDPH�
HQYLURQPHQWV�ZLOO�EH�OHYHUDJHG�WRZDUGV�OHDUQLQJ�DFWLYLWLHV�±�WKH�VKLIWV�LQ�WKH�0LQHFUDIW�FRPPXQLW\�DOUHDG\�
UHIOHFW�WKLV��5HLQHUV�HW�DO����������9:V�VXFK�DV�0LQHFUDIW�FDQ�EH�XVHG�LQ�DOO�OHYHOV�RI�VFKRROV�DQG�WKHUH�ZLOO�EH�D�
VKLIW�WRZDUGV�WKHVH�W\SHV�RI�ZRUOGV��$�VLPSOH�LQWHUIDFH�ZLWK�PLQLPDO�XVHU�LQYHVWPHQW�ZLOO�FRQWLQXH�WR�JUHDWO\�
IDFLOLWDWH�WKH�DG�KRF�XVHU��HVSHFLDOO\�ZKHUH�LQZRUOG�SHUVRQ�WR�SHUVRQ�LQWHUDFWLRQ�LV�WKH�LQWHQWLRQ�DQG�WKH�YLUWXDO�
VSDFH�QHHG�QRW�EH�YHU\�FRPSOH[��$�ZKROH�UDQJH�RI�9:V�ZLOO�EHFRPH�XELTXLWRXV�VXFK�DV�WKH�,QWHUQHW�LV�QRZ��
*DPH�OLNH�9:V�KDYH�EHFRPH�DFFHSWHG���
�
6FDODELOLW\�DQG�LQWHURSHUDELOLW\�RI�YLUWXDO�ZRUOGV�
�
&XUUHQWO\�WKH�PDMRULW\�RI�FRQWHQW�WKDW�LV�FUHDWHG�LQ�D�SDUWLFXODU�9:�LV�ORFNHG�LQWR�WKDW�VSDFH��,Q�OLQH�ZLWK�WKH�
RSHQ�DFFHVV�PRYHPHQW�LQ�RWKHU�DUHDV�RI�VFKRODUVKLS�DQG�HGXFDWLRQ�LQ�WKH�IXWXUH��VWUDWHJLHV�ZLOO�EH�GHYHORSHG�DQG�
WHFKQRORJLHV�LQFUHDVLQJO\�FKRVHQ�IRU�WKHLU�DELOLW\�WR�VKDUH�FRQWHQW�DFURVV�WKH�HGXFDWLRQ�FRPPXQLW\��7KHUH�ZLOO�EH�
HDVLHU�PRYHPHQW�RI�DYDWDUV��EXLOGV�DQG�DUWHIDFWV�EHWZHHQ�9:V�WKDW�ZLOO�HQFRXUDJH�HFRQRPLHV�RI�VFDOH�LQ�WKH�
HGXFDWLRQ�UHVRXUFH�GHYHORSPHQW�VSDFH��:RUN�ZLWK�RSHQ�VWDQGDUGV�DQG�EXLOG�WHFKQLTXHV�ZLWK�VXFK�WRROV�DV�
2SHQ6LP��6RD6�DQG�PHVKHV�ZLOO�DOORZ�XV�WR�PRUH�WRZDUGV�DFKLHYLQJ�WKDW�JRDO��
�
2SHQ�DFFHVV�LQWHJUDWLRQ�
7UHQGV�WRZDUGV�RSHQ�DFFHVV�DQG�RSHQ�VWDQGDUGV�LQ�HGXFDWLRQ�FRPPXQLWLHV�ZLOO�OHDG�WR�WKHUH�EHLQJ�³2SHQ�
$FFHVV´�YLUWXDO�UHSRVLWRULHV�ZKHUH�GHVLJQV�IRU�YLUWXDO�VSDFHV��UH�XVDEOH�FRPSRQHQWV�IRU�EXLOGLQJ�YLUWXDO�VSDFHV��
VRIWZDUH�WRROV��SHGDJRJLFDO�GHVLJQV��OHVVRQ�SODQV�DQG�WKH�OLNH�FDQ�EH�VKDUHG��WDNHQ��WHVWHG�DQG�LPSURYHG�XSRQ�
�%R\G�	�(OOLV���������6LPLODU�VXFK�UHSRVLWRULHV�IRU��'�&$'�ILOHV�DUH�DOUHDG\�EHLQJ�XVHG�E\�WKH�DGGLWLYH�
PDQXIDFWXULQJ�PRYHPHQW�VKDULQJ�RU�FRPPHUFLDOLVLQJ�WKHLU�GHVLJQV�IRU��'�HQYLURQPHQWV�RU��'�SULQWHUV��/DFN�RI�
VWDQGDUGLVDWLRQ�RI�IRUPDWV�LV�OLPLWLQJ�WKH�GLUHFW�WUDQVIHU�DW�WKH�PRPHQW��\HW�PHUJLQJ�LV�DQWLFLSDWHG�IRU�IXWXUH�
DSSOLFDWLRQV��9HULILFDWLRQ�RI��'�REMHFWV�LQ�9:V�EHIRUH�SULQWLQJ��HQKDQFLQJ�GRFXPHQWV�ZLWK��'�GHVLJQV��RU�
KDYLQJ��'�REMHFWV�DV�JLIWV�LQ�VRFLDO�JDPHV�DUH�MXVW�D�IHZ�H[DPSOHV�EHQHILWLQJ�IURP�D�FRPPRQ�VWDQGDUG�IRU�
HQFRGLQJ��'�PRGHOV��,GHDOO\�WKHUH�VKRXOG�EH�QR�OLPLWDWLRQ�RQ�LQZRUOG�WRROV��9:V�VKRXOG�PRYH�IRU�JUHDWHU�
LQWHJUDWLRQ�WR�WKLUG�SDUW\�DSSOLFDWLRQV�VXFK�DV�2SHQ2IILFH�RU�6N\SH��VRFLDO�QHWZRUNLQJ�WRROV�DQG�6PDUW�%RDUGV��
7KH�PRYH�WRZDUGV�WKH�XVH�RI�RSHQ�WHFKQRORJ\�VWDQGDUGV�FRXOG�DVVLVW�WKLV�SURFHVV�EXW�LW�UHPDLQV�WR�EH�VHHQ�LQ�
OLJKW�RI�SURSULHWDU\�YHQGRU�LQWHUHVWV��,W�PD\�WDNH�RSHQ�VRXUFH�DOWHUQDWLYHV�WR�VSXU�WKLV�RQ�MXVW�DV�2SHQ6LP�KDV�
SURYHG�DQ�DOWHUQDWLYH�SDWKZD\�WR�VKDULQJ�:9�REMHFWV�DQG�EXLOGV��
�
�
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6FDODELOLW\��
7KHUH�ZLOO�EH�JUHDWHU�DELOLW\�WR�WDLORU�WKH�VL]H�DQG�FRQVWUDLQWV�RI�WKH�YLUWXDO�VSDFH�WR�VXLW�WKH�OHDUQLQJ�WDVN��:KHQ� 
D�JUHDW�QXPEHU�RI�XVHUV�LQWHUDFWLQJ�DW�WKH�VDPH�WLPH�RU�D�IUHH�URDP�DSSURDFK�LV�IDYRXUHG��WKHQ�WKH�FXUUHQW� 
RIIHULQJ�RI�³ZRUOGV´�VXLW�ZHOO��:KHQ�WDVNV�OLNH�UROH�SOD\�DUH�WKH�JRDO��SHUKDSV�VPDOOHU�GLVFUHWH�YLUWXDO�VSDFHV�DUH� 
EHWWHU�VXLWHG��%HLQJ�DEOH�WR�RIIHU�EHVSRNH�GLVFUHWH�YLUWXDO�VSDFHV�LV�FXUUHQWO\�DYDLODEOH�YLD�6RD6�DQG�-LEH��EXW�ZH� 
VKRXOG�VHH�PRUH�GHVLJQ�DQG�LQWHQW�EXLOW�ZLWK�WKLV�LQ�PLQG���
�
�

0DFKLQLPD�
0DFKLQLPD�ZLOO�FRQWLQXH�WR�KDYH�D�SODFH�LQ�9:�WHDFKLQJ��7KH�XVH�RI�PDFKLQLPD�HQDEOHV�VWXGHQWV�WR�OHDUQ� 
WKURXJK�9:�WHFKQRORJ\�ZLWKRXW�VWXGHQWV�KDYLQJ�WR�ORJ�LQWR�WKH�9:�DQG�SDUWLFLSDWH�LQ�DFWLYLWLHV��$�JRRG� 
H[DPSOH�RI�WKLV�LV�WKH�ZRUN�GRQH�LQ�4XHHQVODQG�8QLYHUVLW\�RI�7HFKQRORJ\�LQ�/DZ��%XWOHU���������&HQWUDO� 
4XHHQVODQG�8QLYHUVLW\�LQ�$FFRXQWLQJ��0XOGRRQ��-RQHV��.RIRHG�	�%HHU���������8QLYHUVLW\�RI�1HZ�(QJODQG�LQ� 
3KDUPDF\��*UHJRU\�HW�DO��������DQG�WKH�8QLYHUVLW\�RI�:HVWHUQ�$XVWUDOLD�ZKLFK�KRVWV�WKH�ODUJHVW�PDFKLQLPD� 
FRPSHWLWLRQV�LQ�6/��+LJKOH\�	�-HJDWKHVDQ���������0DFKLQLPD�LV�DIIRUGDEOH�ZKHQ�WKH�������DQQXDO�FRVW�RI�D�6/� 
LVODQG��WDNLQJ�LQWR�FRQVLGHUDWLRQ�RI�WKH�����HGXFDWLRQDO�GLVFRXQW��LV�DSSRUWLRQHG�DFURVV�VWXGHQWV�RYHU�VHYHUDO� 
\HDUV�±�DQG�LV�PRUH�DIIRUGDEOH�WKDQ�UHDO�OLIH�YLGHR�IRU�SURGXFLQJ�VLPXODWLRQV��RU�HYHQ�OHVV�LI�9:V�OLNH�2SHQ6LP� 
DUH�XVHG���,QGLYLGXDO�DFDGHPLFV�FDQ�XVH�PDFKLQLPD�DV�D�FRVW�HIIHFWLYH��EURDG�FDQYDV�IRU�WKH�FUHDWLRQ�RI� 
VLPXODWLRQV�DQG�DXWKHQWLF�OHDUQLQJ�HQYLURQPHQWV��7KLV�FRPSDUHV�IDYRXUDEO\�ZLWK�UHDO�OLIH�YLGHR�ZKLFK�UHTXLUHV� 
VXEVWDQWLDO�IXQGLQJ�DQG�EH�OLPLWHG�LQ�WHUPV�RI�WKH�ORFDWLRQV�WKDW�DUH�SUDFWLFDOO\�DYDLODEOH��%XWOHU��������� 
0DFKLQLPD�LV�D�FRVW�HIIHFWLYH�PHDQV�WR�FRQWH[WXDOLVLQJ�DEVWUDFW�SULQFLSOHV��WR�GHSLFW�VFHQDULRV�WKDW�UHVHPEOH� 
VLWXDWLRQV�WKDW�VWXGHQWV�PD\�HQFRXQWHU�LQ�UHDO�ZRUOG�SUDFWLFH�DQG�SURYLGHV�D�FRQWH[W�IRU�IXWXUH�VWXGHQWV�ZKR�PD\� 
XVH�D�9:�DV�D�WHDFKLQJ�UHVRXUFH��
�
&RQFOXVLRQ�
�
7KH�SUHVHQW�VHHV�9:V�DW�VRPHZKDW�RI�D�FURVVURDGV�IDFLQJ�D�QXPEHU�RI�REVWDFOHV�VXFK�DV�WKH�ODFN�RI�IDPLOLDULW\� 
RI�DFDGHPLFV�ZLWK�9:V�WHFKQRORJ\��ODFN�RI�DZDUHQHVV�RI�LWV�DIIRUGDQFHV��JHQHUDO�,7�OLWHUDF\�RI�WKH�DFDGHPLF� 
DQG�VWXGHQW�SRSXODFH��SURIHVVLRQDO�GHYHORSPHQW�WUDLQLQJ�DYDLODELOLW\��LQVWLWXWLRQDO�LQIUDVWUXFWXUH�EORFNDJHV��HDVH� 
RI�XVH��RU�QRW��RI�WKH�WRROV�DYDLODEOH�WR�EXLOG�9:�VSDFHV��HVSHFLDOO\�E\�WKH�DYHUDJH�DFDGHPLF���OLWWOH�LQVWLWXWLRQDO� 
LQWHQW�RU�JXLGHOLQHV�IRU�FXUDWLRQ�RI�9:�DVVHWV��EDQGZLGWK�DYDLODELOLW\�IRU�WKRVH�QRW�RQ�EURDGEDQG�RU�PXOWLSOH� 
XVHUV�LQ�RQH�DUHD��DORQJ�ZLWK�WKH�LQKHUHQW�WHFKQRORJLFDO�SK\VLFV�OLPLWV�WR�PRELOH�ZLUHOHVV�EDQGZLGWK��*LYHQ� 
WKHVH�IDFWRUV��LW�LV�OLNHO\�WKDW�RYHU�WKH�PHGLXP�WHUP��WKH�SURSRQHQWV�RI�9:V�LQ�HGXFDWLRQ�QHHG�WR�EH� 
FRQFHQWUDWLQJ�RQ�KDYLQJ�9:V�ZRUN�RQ�FXUUHQW�DQG�QHDU�WHUP�KDUGZDUH��3&V��L26�$QGURLG�WDEOHWV��WKDW�DUH�LQ� 
VWXGHQW�KRPHV�DQG�DFDGHPLF�HQYLURQPHQWV�QRZ��+RZHYHU��UHVHDUFK�DQG�NQRZOHGJH�ZLOO�IRUJH�RQ��6SHFLDOLVW� 
DSSOLFDWLRQV�ZLOO�VHH�FXWWLQJ�HGJH�LQSXW�DQG�YLVXDOLVDWLRQ�WHFKQRORJLHV�PRYH�IRUZDUG�DQG�ZKLOH�WKHVH�PD\�ZHOO� 
EH�KDPSHUHG�LQ�WKH�PHGLXP�WHUP�E\�PRUH�PXQGDQH�IDFWRUV�VXFK�DV�³IDVKLRQ´��DV�LW�KDV�GRQH�IRU�FRXQWOHVV�FOHYHU� 
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DQG�PRELOLW\�RI�9:�WHFKQRORJLHV�ZLOO�DOORZ�LQFUHDVLQJ�QXPEHUV�RI�DFDGHPLFV�WDNH�DGYDQWDJHV�RI�ZKDW�9:V� 
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�
5HIHUHQFHV�
�
%RJGDQRY\FK��$���,MD]��.��	�6LPRII�6����������7KH�FLW\�RI�8UXN��WHDFKLQJ�DQFLHQW�KLVWRU\�LQ�D�YLUWXDO�ZRUOG��

/1&6����������±����https://doi.org/10.1007/978-3-642-33197-8_3
%R\G��:��	�(OOLV��'���LQ�SUHVV��6NHWFKLQJ�XS�QHZ�JHRJUDSKLHV��2SHQ�VRXUFLQJ�DQG�FXUULFXOXP�GHYHORSPHQW��

$XVWUDODVLDQ�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\�� 
%XWOHU��'����������6HFRQG�/LIH�PDFKLQLPD�HQKDQFLQJ�WKH�OHDUQLQJ�RI�ODZ��/HVVRQV�IURP�VXFFHVVIXO�HQGHDYRXUV��

$XVWUDODVLDQ�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\������������±�����https://doi.org/10.14742/ajet.841 
&DUUROO��-���$QGHUVRQ��0��	�&DPHURQ��'���������5HDO�SOD\HUV"�'UDPD��WHFKQRORJ\�DQG�HGXFDWLRQ��6WRNH�RQ�

7UHQW��8.��7UHQWKDP�%RRNV��
&ROOLQV��&����������/RRNLQJ�WR�WKH�IXWXUH��+LJKHU�HGXFDWLRQ�LQ�WKH�PHWDYHUVH��('8&$86(�5HYLHZ�����������±���� 
'DOJDUQR��%��	�/HH��0��-��:����������:KDW�DUH�WKH�OHDUQLQJ�DIIRUGDQFHV�RI���'�YLUWXDO�HQYLURQPHQWV"�%ULWLVK�

-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\�����������±��� https://doi.org/10.1111/j.1467-8535.2009.01038.x�

https://doi.org/10.1007/978-3-642-33197-8_3
https://doi.org/10.14742/ajet.841
https://doi.org/10.1111/j.1467-8535.2009.01038.x%ED%AF%80%ED%B0%83


�

��WK�DVFLOLWH�&RQIHUHQFH������3URFHHGLQJV� � 3DJH�����

'XGHQH\��*��	�5DPVD\��+����������2YHUFRPLQJ�WKH�HQWU\�EDUULHUV�WR�6HFRQG�/LIH�LQ�KLJKHU�HGXFDWLRQ��,Q�&��
:DQNHO�	�-��.LQJVOH\��(GV���+LJKHU�HGXFDWLRQ�LQ�YLUWXDO�ZRUOGV��7HDFKLQJ�DQG�OHDUQLQJ�LQ�6HFRQG�/LIH��SS��
��±�����%LQJOH\��8.��(PHUDOG��

)DUGLQSRXU��$��	�5HLQHUV��7���XQGHU�UHYLHZ���$FWLRQ�EDVHG�/HDUQLQJ�$VVHVVPHQW�0HWKRG��$/$0���(YDOXDWLQJ�
JRDO�RULHQWHG�DFWLRQV�LQ�YLUWXDO�WUDLQLQJ�HQYLURQPHQWV��

)OLQWRII��.���������6HFRQG�/LIH�VLPXODWLRQ��2QOLQH�VLWHV�IRU�JHQHUDWLYH�SOD\��,Q�0��$QGHUVRQ��-��&DUUROO�	�'��
&DPHURQ��(GV���'UDPD�HGXFDWLRQ�ZLWK�GLJLWDO�WHFKQRORJ\��SS�����±������/RQGRQ��8.�DQG�1HZ�<RUN��1<��
&RQWLQXXP��

*UHJRU\��6���*UHJRU\��%���+LOOLHU��0���-DFND��/���6FKXWW��6���(OOLV��'���«�0F&DUWK\��$����������6XVWDLQLQJ�WKH�
IXWXUH�WKURXJK�YLUWXDO�ZRUOGV��,Q�0��%URZQ��0��+DUWQHWW�	�7��6WHZDUW��(GV���)XWXUH�&KDOOHQJHV�±6XVWDLQDEOH�
)XWXUHV��3URFHHGLQJV�DVFLOLWH�:HOOLQJWRQ�������SS�����±������:HOOLQJWRQ��1HZ�=HDODQG��0DVVH\�8QLYHUVLW\�
DQG�DVFLOLWH��KWWS���ZZZ�DVFLOLWH�����RUJ�LPDJHV�FXVWRP�JUHJRU\�BVXHB�BVXVWDLQLQJ�SGI�

*UHJRU\��%���*UHJRU\��6���:RRG��'���0DVWHUV��<���+LOOLHU��0���6WRNHV�7KRPSVRQ��)���«<XVXSRYD��$�������D���
+RZ�DUH�$XVWUDOLDQ�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV�FRQWULEXWLQJ�WR�FKDQJH�WKURXJK�LQQRYDWLYH�WHDFKLQJ�DQG�
OHDUQLQJ�LQ�YLUWXDO�ZRUOGV"�,Q�*��:LOOLDPV��3��6WDWKDP��1��%URZQ�	�%��&OHODQG��(GV���&KDQJLQJ�'HPDQGV��
&KDQJLQJ�'LUHFWLRQV��3URFHHGLQJV�DVFLOLWH�+REDUW�������SS�����±������+REDUW��$XVWUDOLD��7KH�8QLYHUVLW\�RI�
7DVPDQLD�DQG�DVFLOLWH�KWWS���ZZZ�DVFLOLWH�RUJ�DX�FRQIHUHQFHV�KREDUW���GRZQORDGV��SDSHUV�*UHJRU\�IXOO�SGI�

*UHJRU\��6���/HH��0�-�:���(OOLV��$���*UHJRU\��%���:RRG��'���+LOOLHU��0���«�0F.HRZQ��/����������$XVWUDOLDQ�
KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV�WUDQVIRUPLQJ�WKH�IXWXUH�RI�WHDFKLQJ�DQG�OHDUQLQJ�WKURXJK�YLUWXDO�ZRUOGV��,Q�&��
6WHHO��0��-��.HSSHOO��3��*HUELF�	�6��+RXVHJR��(GV���&XUULFXOXP��7HFKQRORJ\�	�7UDQVIRUPDWLRQ�IRU�DQ�
8QNQRZQ�)XWXUH��3URFHHGLQJV�DVFLOLWH�6\GQH\�������SS�����±������6\GQH\��$XVWUDOLD��7KH�8QLYHUVLW\�RI�
4XHHQVODQG��DQG�DVFLOLWH��KWWS���ZZZ�DVFLOLWH�RUJ�DX�FRQIHUHQFHV�V\GQH\���$VFLOLWH���FRQIHUHQFH����
SURFHHGLQJV��������*UHJRU\�IXOO�SGI�

*UHJRU\��6���'DOJDUQR��%���&DPSEHOO��0���5HLQHUV��7���.QR[��9��	�0DVWHUV��<�������E���&KDQJLQJ�GLUHFWLRQV�
WKURXJK�9LUWXDO35(;��HQJDJLQJ�SUH�VHUYLFH�WHDFKHUV�LQ�YLUWXDO�SURIHVVLRQDO�H[SHULHQFH��,Q�*��:LOOLDPV��3��
6WDWKDP��1��%URZQ�	�%��&OHODQG��(GV���&KDQJLQJ�'HPDQGV��&KDQJLQJ�'LUHFWLRQV��3URFHHGLQJV�DVFLOLWH�
+REDUW�������SS�����±������+REDUW��$XVWUDOLD��7KH�8QLYHUVLW\�RI�7DVPDQLD�DQG�DVFLOLWH��
KWWS���ZZZ�DVFLOLWH�RUJ�DX�FRQIHUHQFHV�KREDUW���GRZQORDGV�SDSHUV�*UHJRU\6�IXOO�SGI�

+HDUQV��0���'LHQHU��6���+RQH\��0���&RFNHUDP��-���3DUVRQV��'���&KDPSLRQ��(���«�*UHJRU\��6����������+H�DUD�KRX�
ND�WX�PDL��1=�LQVWLWXWLRQV�RI�KLJKHU�OHDUQLQJ�XQSDFNLQJ�GHPDQGV�DQG�IDFLOLWDWLQJ�FKDQJH��,Q�*��:LOOLDPV��3��
6WDWKDP��1��%URZQ�	�%��&OHODQG��(GV���&KDQJLQJ�'HPDQGV��&KDQJLQJ�'LUHFWLRQV��3URFHHGLQJV�DVFLOLWH�
+REDUW�������SS�����±������+REDUW��$XVWUDOLD��7KH�8QLYHUVLW\�RI�7DVPDQLD�DQG�DVFLOLWH��
KWWS���ZZZ�DVFLOLWH�RUJ�DX�FRQIHUHQFHV�KREDUW���GRZQORDGV�SDSHUV�+HDUQV�FRQFLVH�SGI�

+HUULQJWRQ��-���5HHYHV��7��&��	�2OLYHU��5����������$�JXLGH�WR�DXWKHQWLF�H�OHDUQLQJ��1HZ�<RUN��1<��5RXWOHGJH��
+HZ��.�)��	�&KHXQJ��:��6����������8VH�RI�WKUHH�GLPHQVLRQDO����'��LPPHUVLYH�YLUWXDO�ZRUOGV�LQ�.����DQG�KLJKHU�

HGXFDWLRQ�VHWWLQJV��$�UHYLHZ�RI�WKH�UHVHDUFK��%ULWLVK�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\�����������±����
+LJKOH\��6��	�-HJDWKHVDQ��-�-���������,Q�WKUHH�GLPHQVLRQV��DUW��PDFKLQLPD�DQG�WKH�YLUWXDO�XQLYHUVLW\��7KH�

,QWHUQDWLRQDO�-RXUQDO�RI�,QWHUGLVFLSOLQDU\�6RFLDO�6FLHQFHV����������±����
-RKQVRQ��/���6PLWK��5���/HYLQH��$��	�+D\ZRRG��.����������7KH������+RUL]RQ�5HSRUW��$XVWUDOLD±1HZ�=HDODQG�

(GLWLRQ��$XVWLQ��7;��7KH�1HZ�0HGLD�&RQVRUWLXP��
-RKQVRQ��/���$GDPV��6��	�&XPPLQV��0����������7HFKQRORJ\�2XWORRN�IRU�1HZ�=HDODQG�7HUWLDU\�(GXFDWLRQ�

����±������$Q�10&�+RUL]RQ�5HSRUW�5HJLRQDO�$QDO\VLV��$XVWLQ��7;��7KH�1HZ�0HGLD�&RQVRUWLXP��
-RKQVRQ��/���$GDPV��6��	�&XPPLQV��0����������7HFKQRORJ\�2XWORRN�IRU�$XVWUDOLDQ�7HUWLDU\�(GXFDWLRQ�����±

������$Q�10&�+RUL]RQ�5HSRUW�5HJLRQDO�$QDO\VLV��$XVWLQ��7;��7KH�1HZ�0HGLD�&RQVRUWLXP��
-RKQVRQ��/���$GDPV�%HFNHU��6���&XPPLQV��0���)UHHPDQ��$���,IHQWKDOHU��'��	�9DUGD[LV��1����������7HFKQRORJ\�

2XWORRN�IRU�$XVWUDOLDQ�7HUWLDU\�(GXFDWLRQ�����±������$Q�10&�+RUL]RQ�3URMHFW�5HJLRQDO�$QDO\VLV��$XVWLQ��
7;��7KH�1HZ�0HGLD�&RQVRUWLXP��

0F'RQDOG��0���5\DQ��7���6LP��-���-DPHV��-���0DXGH��3���6FXWWHU��6��	�:RRG��'����������0XOWLGLVFLSOLQH�UROH�SOD\�
LQ�D��'�YLUWXDO�OHDUQLQJ�HQYLURQPHQW��([SHULHQFHV�ZLWK�D�ODUJH�FRKRUW�RI�KHDOWKFDUH�VWXGHQWV��,Q�0��%URZQ��
0��+DUWQHWW�	�7��6WHZDUW��(GV���)XWXUH�&KDOOHQJHV�±�6XVWDLQDEOH�)XWXUHV��3URFHHGLQJV�DVFLOLWH�:HOOLQJWRQ�
������SS�����±������:HOOLQJWRQ��1HZ�=HDODQG��0DVVH\�8QLYHUVLW\�DQG�DVFLOLWH��KWWS���ZZZ�DVFLOLWH�RUJ�DX�
�FRQIHUHQFHV�ZHOOLQJWRQ��������LPDJHV�FXVWRP�PFGRQDOG��FBPDUFXVB�BPXOWLGLVFLSOLQH�SGI�

0LNURSRXORV��7�$��	�1DWVLV��$����������(GXFDWLRQDO�YLUWXDO�HQYLURQPHQWV��$�WHQ�\HDU�UHYLHZ�RI�HPSLULFDO�
UHVHDUFK������±�������&RPSXWHUV�	�(GXFDWLRQ������������±�����

0XOGRRQ��1���-RQHV��'���.RIRHG��-��	�%HHU��&����������%ULQJLQJ�µVHFRQG�OLIH¶�WR�D�WRXJK�XQGHUJUDGXDWH�FRXUVH��
&RJQLWLYH�DSSUHQWLFHVKLS�WKURXJK�PDFKLQLPDV��,Q�5��$WNLQVRQ�	�&��0F%HDWK��(GV���+HOOR��:KHUH�DUH�\RX�LQ�
WKH�ODQGVFDSH�RI�HGXFDWLRQDO�WHFKQRORJ\"�3URFHHGLQJV�DVFLOLWH�0HOERXUQH�������SS�����±������0HOERXUQH��
$XVWUDOLD��'HDNLQ�8QLYHUVLW\�DQG�DVFLOLWH��KWWS���ZZZ�DVFLOLWH�RUJ�DX�FRQIHUHQFHV�PHOERXUQH���SURFV��
PXOGRRQ�SGI�

3LPHQWHO��.��	�7HL[HLUD��.����������9LUWXDO�UHDOLW\��7KURXJK�WKH�QHZ�ORRNLQJ�JODVV��1HZ�<RUN��1<��0F*UDZ�+LOO��
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5HLQHUV��7���:RRG��/���&KDQJ��9���*XHWO��&���+HUULQJWRQ��-���7HUlV��+��	�*UHJRU\��6���������2SHUDWLRQDOLVLQJ�
*DPLILFDWLRQ�LQ�DQ�(GXFDWLRQDO�$XWKHQWLF�(QYLURQPHQW��,Q�3��.RPPHUV��7��,VVD�	�3��,VDtDV��(GV���,$',6� 
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QWHUQHW�7HFKQRORJLHV�	�6RFLHW\�������SS����±������3HUWK��$XVWUDOLD��,$',6�� 

5HLQHUV��7���:RRG��/��	�*UHJRU\��6���XQGHU�UHYLHZ���([SHULPHQWDO�VWXG\�RQ�WHFKQRORJ\�LQGXFHG�DXWKHQWLF�
LPPHUVLRQ�LQ�YLUWXDO�ZRUOGV�IRU�HGXFDWLRQ�� 

6DOPRQ��*����������7KH�IXWXUH�IRU��VHFRQG��OLIH�DQG�OHDUQLQJ��%ULWLVK�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\���������
���±�����https://doi.org/10.1111/j.1467-8535.2009.00967.x

6DYLQ�%DGHQ��0���*RXUOD\��/���7RPEV��&���6WHLOV��1���7RPEV��*��	�0DZHU��0����������6LWXDWLQJ�SHGDJRJLHV��
SRVLWLRQV�DQG�SUDFWLFHV�LQ�LPPHUVLYH�YLUWXDO�ZRUOGV��(GXFDWLRQDO�5HVHDUFK������������±����� 

6KXWH��9�-���9HQWXUD��0���%DXHU��0�,��	�=DSDWD�5LYHUD��'����������0HOGLQJ�WKH�SRZHU�RI�VHULRXV�JDPHV�DQG�
HPEHGGHG�DVVHVVPHQW�WR�PRQLWRU�DQG�IRVWHU�OHDUQLQJ��)ORZ�DQG�JURZ��,Q�8��5LWWHUIHOG��0��&RG\�	�3�� 
9RUGHUHU��(GV���6HULRXV�JDPHV��0HFKDQLVPV�DQG�HIIHFWV��SS�����±������1HZ�<RUN��1<��5RXWOHGJH�� 

6PDUW��-�0���&DVFLR��-��	�3DIIHQGRUI��-����������0HWDYHUVH�5RDGPDS��3DWKZD\V�WR�WKH��'�:HE��$�FURVV�LQGXVWU\�
IRUHVLJKW�SURMHFW��KWWS���ZZZ�PHWDYHUVHURDGPDS�RUJ�0HWDYHUVH5RDGPDS2YHUYLHZ�SGI� 

6WHSKHQVRQ��1����������6QRZ�FUDVK��/RQGRQ��8.��3HQJXLQ�� 
7UHVFDN��7���%RJGDQRY\FK��$���6LPRII��6��	�5RGULJXH]��,����������*HQHUDWLQJ�GLYHUVH�HWKQLF�JURXSV�ZLWK�JHQHWLF�

DOJRULWKPV��,Q�3URFHHGLQJV�RI�WKH���WK�$&0�V\PSRVLXP�RQ�9LUWXDO�UHDOLW\�VRIWZDUH�DQG�WHFKQRORJ\��9567�

�����$&0��1HZ�<RUN��1<��86$���SS���±�����https://doi.org/10.1145/2407336.2407338 

9DQ'HUYRRUW��2����������&LVFR�UROOV�RXW�KRORJUDSKLF�WHOHSUHVHQFH�YLGHR�FRQIHUHQFLQJ��70&QHW�FRP��5HWULHYHG�
IURP�KWWS���ZZZ�WPFQHW�FRP�WRSLFV�DUWLFOHV�������������������FLVFR�UROOV�RXW�KRORJUDSKLF�WHOHSUHVHQFH�
YLGHR�FRQIHUHQFLQJ�KWP�

:LNLSHGLD����������$XJPHQWHG�UHDOLW\��5HWULHYHG�IURP�KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�$XJPHQWHGBUHDOLW\�
<HRP��6����������$XJPHQWHG�UHDOLW\�IRU�OHDUQLQJ�DQDWRP\��,Q�*��:LOOLDPV��3��6WDWKDP��1��%URZQ�	�%��&OHODQG�

�(GV���&KDQJLQJ�'HPDQGV��&KDQJLQJ�'LUHFWLRQV��3URFHHGLQJV�DVFLOLWH�+REDUW�������SS������±�������
+REDUW��$XVWUDOLD��8QLYHUVLW\�RI�7DVPDQLD�DQG�DVFLOLWH��KWWS���ZZZ�DVFLOLWH�RUJ�DX�FRQIHUHQFHV�KREDUW���
�GRZQORDGV�SDSHUV�<HRP�FRQFLVH�SGI�

�
�
$XWKRU�FRQWDFW�GHWDLOV��
6XH�*UHJRU\��VXH�JUHJRU\#XQH�HGX�DX�
%UHQW�*UHJRU\��EJUHJRU\#XQH�HGX�DX��
7RUVWHQ�5HLQHUV��W�UHLQHUV#FXUWLQ�HGX�DX��
$OL�)DUGLQSRXU��$OL�)DUGLQSRXU#SRVWJUDG�FXUWLQ�HGX�DX��
0DWKHZ�+LOOLHU��P�KLOOLHU#XT�HGX�DX��
0DUN�-�:��/HH��PDOHH#FVX�HGX�DX��
/LVD�-DFND���OLVD�MDFND#VFX�HGX�DX��
'HV�%XWOHU��G�EXWOHU#TXW�HGX�DX��
'DYLG�+ROORZD\���GMK���#XRZPDLO�HGX�DX�
6FRWW�*UDQW��VFRWW�JUDQW#DUWV�PRQDVK�HGX�DX��
0HUOH�+HDUQV��0HUOH�+HDUQV#PDQXNDX�DF�Q]��
.LP�)OLQWRII��N�IOLQWRII#FXUWLQ�HGX�DX��
-D\�-D\�-HJDWKHVDQ��MD\�MD\#XZD�HGX�DX��
'DYLG�(OOLV��GDYLG�HOOLV#VFX�HGX�DX���
0DUFXV�0F'RQDOG��PDUFXV�PFGRQDOG#UPLW�HGX�DX��
)UHGHULFN�6WRNHV�7KRPSVRQ��)UHGHULFN�6WRNHV�7KRPSVRQ#XQLVD�HGX�DX��
%HOPD�*DXNURGJHU��NLZLEHOPD#JPDLO�FRP��
-DVRQ�=DJDPL���M�]DJDPL#JPDLO�FRP��
&KULV�&DPSEHOO��FKULV�FDPSEHOO#XT�HGX�DX���
;LDQJ\X�:DQJ��[LDQJ\X�ZDQJ#FXUWLQ�HGX�DX��
-DPLH�*DUFLD�6DOLQDV��MDLPH�JDUFLDVDOLQDV#XTFRQQHFW�HGX�DX��
6ZHH�.LQ�/RNH��VZHH�NLQ�ORNH#RWDJR�DF�Q]��
6KHLOD�6FXWWHU��VKHLOD�VFXWWHU#MFX�HGX�DX��
&KULVWLQH�1HZPDQ��FKULVWLQH�QHZPDQ#TXW�HGX�DX���
1LQJ�*X��1LQJ�*X#QHZFDVWOH�HGX�DX��
6WHIDQ�6FKXWW��6WHIDQ�6FKXWW#YX�HGX�DX��
+HOHQ�)DUOH\��+HOHQ�)DUOH\#XVT�HGX�DX��
$QWRQ�%RJGDQRY\FK��$�%RJGDQRY\FK#XZV�HGX�DX��
7RPDV�7UHVFDN���WRPL�WUHVFDN#JPDLO�FRP�
6LPHRQ�6LPRII��6�6LPRII#XZV�HGX�DX��
&DUROLQH�6WHHO��F�VWHHO#XT�HGX�DX��
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3HQQ\�1HXHQGRUI��3HQQ\�1HXHQGRUI#FLW�HGX�DX��
0DWW�%RZHU��PDWW�ERZHU#PT�HGX�DX��
/LQG\�0F.HRZQ�2UZLQ��/LQG\�0F.HRZQ#XVT�HGX�DX��
7RP�.HUU��WRP�NHUU#PT�HGX�DX��
,DQ�:DUUHQ��LDQ�ZDUUHQ#GHDNLQ�HGX�DX��
'HQLVH�:RRG��'HQLVH�:RRG#XQLVD�HGX�DX��
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