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$EHOVRQ�+��DQG�GL6HVVD�$�����������7XUWOH�*HRPHWU\��0,7�

$QGHUVRQ��5��&�� �������� 6XJJHVWLRQV� IURP� UHVHDUFK�IUDFWLRQV��$ULWKPHWLF
7HDFKHU��������������

$UPVWURQJ��%��(���1RYLOOLV�/DUVRQ��&�����������6WXGHQWV
�XVH�RI�SDUW�ZKROH
DQG� GLUHFW� FRPSDULVRQ� VWUDWHJLHV� IRU� FRPSDU,QJ� SDUWLWLRQHG
UHFWDQJOHV�-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ��������������

�$U\��7��6�����������7KH�*LDQW�LQFK�DQG�RWKHU�/RJR�3URJUDPV���&ODVVURRP
&RPSXWHU�/HDUQLQJ�������������

%DOO� � '�� /�� �������� +DOYHV�� SLHFHV�� DQG� WZRWKV�� &RQVWUXFWLQJ� DQG� XVLQJ
UHSUHVHQWDWLRQDO�FRQWH[WV�LQ�WHDFKLQJ�IUDFWLRQ��,Q�&DUSHQWHU��7�3���)HQQHPD
(���5RPEHUJ�7�$���(GV�����5DWLRQDO�1XPEHUV���/($�������

%DOO�� 6�� �������� &RPSXWHUV�� &RQFUHWH�0DWHULDOV� DQG� 7HDFKLQJ� )UDFWLRQV�
6FKRRO�6FLHQFH�DQG�0DWKHPDWLFV��YRO����������2FW������

%DXHUVILHOG�� +��� TXRWHG� E\� /RUHQ]�� -�� +��� �������� )RU� /HDUQLQJ
0DWKHPDWLFV��������

%HKU� �� 0��� 	� 3RVW�� 7�� �������� 7HDFKLQJ� UDWLRQDO� QXPEHU� DQG� GHFLPDO
FRQFHSWV�� ,Q� 7�5�� 3RVW� �(G���� 7HDFKLQJ� PDWKHPDWLFV� LQ� JUDGHV� .���
5HVHDUFK�EDVHG�PHWKRGV��SS������������1HZWRQ��0$��$OO\Q�DQG�%DFRQ�

%HKU�� 0�� -��� 3RVW�� 7�� 3��� /HVK�� 5�� $��� 	� 6LOYHU�� (�� $�� �������� 5DWLRQDO
QXPEHU� FRQFHSWV�� ,Q� 5�� $�� /HVK� 	� 0�� /DQGDX�� �(GV���� $TXLVLWLRQ� RI
0DWKHPDWLFV�&RQFHSWV�DQG�3URFHVVHV��1HZ�<RUN��$FDGHPLF�3UHVV�

%HKU�� 0��� +DUHO�� *��� 3RVW�� 7��� /HVK�� 5�� �������� �8QLWV� RI� TXDQWLW\�� D
FRFHSWXDO� EDVLV� FRPPRQ� WR� DGGLWLYH� DQG� PXOWLSOLFDWLYH� VWUXVWUXUHV��
XQSXEOLVKHG�PDQXVFULSW�

%HKU��0���+DUHO��*���3RVW��7���/HVK��5����������5DWLRQDO�QXPEHU��5DWLR��DQG
3URSRUWLRQ��,Q�'��$��*URXZV��(G����+DQGERRN�RI�UHVHDUFK�RQ�PDWKHPDWLFV
WHDFKLQJ�DQG�OHDUQLQJ��SS����������1HZ�<RUN��0DFPLOODQ�
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%HKU��0���+DUHO���*���3RVW��7���/HVK��5����������5DWLRQDO�QXPEHUV��7RZDUG
D�VHPDQWLF�DQDO\VLV�HPSKDVLV�RQ�WKH�RSHUDWRU�FRQVWUXFW��,Q�7��3��&DUSHQWHU�
(��)HQQHPD��7��$��5RPEHUJ��(GV����5DWLRQDO�QXPEHUV��SS����������/($�

%HKU��0���:DFKVPXWK��,���	�3RVW��7����������&RQVWUXFW�D�VXP��$�PHDVXUH
RI� FKLOGUHQ
V� XQGHUVWDQGLQJ� RI� IUDFWLRQ� VLVH�� -RXUQDO� IRU� 5HVHDUFK� LQ
0DWKHPDWLFV�(GXFDWLRQ��������������

%HKU�� 0��� :DFKVPXWK�� ,��� 3RVW�� 5��� 	� /HVK�� 5�� �������� 2UGHU� DQG
HTXLYDOHQFH�RI� UDWLRQDO�QXPEHUV��$�FOLQLFDO� WHDFKLQJ�H[SHULPHQW�� -RXUQDO
IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ�����������������

%HOO��$���)LVFKEHLQ��(���	�*UHHU��%����������&KRLFH�RI�RSHUDWLRQ�LQ�YHUEDO
DULWKPHWLF� SUREOHPV�� 7KH� HIIHFWV� RI� QXPEHU� VL]H�� SUREOHP� VWUXFWXUH� DQG
FRQWH[W��(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������

%HUJHURQ�� -�� &��� 	� +HUVFRYLFV�� 1�� �������� � $� FRQVWUXFWLYLVW� PRGHO� RI
XQGHUVWDQJLQJ�� ,Q� 6�� :DJQHU� �HG���� 3URFHHGLQJV� RI� WKH� )RXUWK� $QQXDO
0HHWLQJ�RI�WKH�1RUWK�$PHULFDQ�&KDSWHU�RI�WKH�,QWHUQDWLRQDO�*URXS�IRU�WKH
3V\FKRORJ\� RI� 0DWKHPDWLFV� (GXFDWLRQ�� $WKHQV�� 8QLYHUVLW\� RI� *HRUJLD�
'HSDUWPHQW�RI�0DWKHPDWLFV�(GXFDWLRQ�������

%HUJHURQ�� -�� &��� 	� +HUVFRYLFV�� 1�� �������� 3V\FKRORJLFDO� DVSHFWV� RI
OHDUQLQJ�HDUO\�DULXPHWLF��,Q�3��1HVKHU�	�-��.LOSDWULFN��(GV����0DWKHPDWLFV
DQG� FRJQLWLRQ�� $� UHVHDUFK� V\QWKHVLV� E\� WKH� ,QWHUQDWLRQDO� *URXS� IRU� WKH
3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ��SS����������1HZ�<RUN��&DPEULGJH
8QLYHUVLW\�3UHVV�

%H]XN� ��1��6��	�%LHFN��0����������&XUUHQW� UHVHDUFK�RQ� UDWLRQDO�QXPEHUV
DQG� FRPPRQ� IUDFWLRQV�� 6XPPDU\� DQG� LPSOLFDWLRQV� IRU� WHDFKHUV�� ,Q� '�7�
2ZHQV� �(G���� 5HVHDUFK� LGHDV� IRU� WKH� FODVVURRP�� 0LGGOH� JUDGHV
PDWKHPDWLFV��SS������������0DFPLOODQ��1&70�

%LJHORZ��-��&���'DYLV��*��(���	�+XQWLQJ��5��3���������� �6RPH�UHPDUNV�RQ
WKH�+RPRORJ\�DQG�'\QDPLFV�RI�UDWLRQDO�QXPEHU�OHDUQLQJ��3DSHU�SUHVHQWHG
DW� WKH� UHVHDUFK� SUHVHVVLRQ� RI� WKH� 1DWLRQDO� &RXQVLO� RI� 7HDFKHUV� RI
0DWKHPDWLFV�$QQXDO�0HHWLQJ��2UODQGR��)/�

%ODKR��$���.DODV��,���7RPFVDQ\L��3����������&RPHQLXV�ORJR��(QYLURQPHQWV
IRU� 7HDFKHUV� DQG� (QYLURQPHQW� IRU� /HDUQHUV�� ,Q� 3�� *HRUJLDGLV�� *�
*\IWRGLPRV��<��.RWVDQLV��&��.\QLJRV��(GV����3URFHHGLQJV���6XSSOHPHQW��RI
WKH�)RXUWK�(XURSHDQ�/RJR�&RQIHUHQFH��8QLYHUVLW\�RI�$WKHQV��'HSDUWPHQW
RI�,QIRUPDWLFV��������$XJXVW�������$WKHQV��*UHHFH�
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%RRWK�� /��� �������� $OJHEUD�� &KLOGUHQ
V� 6WUDWHJLHV� DQG� (UURUV� �1)(5�
1HOVRQ��

%URZQ�� $�� /�� �������� .QRZLQJ� ZKHQ�� ZKHUH�� DQG� KRZ� WR� UHPHPEHU�� $
SUREOHP� RI� PHWDFRJQLWLRQ�� ,Q� *ODVHU� �HG���� $GYDQFHV� LQ� LQVWUXFWLRQDO
SV\FKRORJ\��+LOOVGDOH��1-��(UOEDXP�

%URZQ��$��/����������5HFLSURFDO� WHDFKLQJ��&RPSUHKHQVLRQ��IRVWHULQJ�DQG
FRPSUHKHQVLRQ�� PRQLWLULQJ� DFWLYLWLHV�� &RJQLWLRQ� DQG� ,QVWUXFWLRQ�� �����
��������
%URZQ��&��$�� ��������$�FULWLFDO�DQDO\VLV�RI� WHDFKLQJ�UDWLRQDO�QXPEHU�� ,Q
&DUSHQWHU�� 7�3��)HQQHPD� (��� 5RPEHUJ� 7�$�� �(GV����5DWLRQDO� 1XPEHUV��
/($������

%URZQ��&��$���&DUSHQWHU��7��3���.R\ED��9��/���/LQTXLVW��0��0���6LOYHU��	�(�
$��6ZDIIRUG��-��2�������D���6HFRQGDU\�VFKRRO�UHVXOWV�IRU�WKH�IRXUWK�0$(3
0DWKHPDWLFV� $VVHVVPHQW�� 'LVFUHWH� PDWKHPDWLFV�� GDWD� RUJDQLVDWLRQ� DQG
LQWHUSUHWDWLRQ�� PHDVXUHPHQW�� QXPEHU� DQG� RSHUDWLRQV�� 0DWKHPDWLFV
7HDFKHU��������������

%URZQ��&��$���&DUSHQWHU��7��3���.R\ED��9��/���/LQTXLVW��0��0���6LOYHU��	�(�
$��6ZDIIRUG��-��2�������E���6HFRQGDU\�VFKRRO�UHVXOWV�IRU�WKH�IRXUWK�0$(3
0DWKHPDWLFV�$VVHVVPHQW��$OJHEUD��JHRPHWU\��PDWKHPDWLFDO�PHWKRWKV��DQG
DWWLWXGHV�0DWKHPDWLFV�7HDFKHU��������������

%URZQ��-��6���&ROOLQV��$���	�'XJXLG��3����������6LWXDWHG�FRJQLWLRQ�DQG�WKH
FXOWXUH�RI�WHDFKLQJ��(GXFDWLRQDO�5HVHDUFKHU���������������

%URZQHOO��:��$���	�6LPV��9��0����������7KH�QDQXUH�RI�XQGHUVWDQGLQJ��7KH
IRUW\�ILIWK� \HDUERRN� RI� WKH�1DWLRQDO� 6RFLHW\� IRU� WKH� 6WXG\� RI� (GXFDWLRQ� �
3DUW�,��7KH�PHDVXUHPHQW�RI�XQGHUVWDQGLQJ��SS����������&KLFDJR��1DWLRQDO
6RFLHW\�IRU�WKH�6WXG\�RI�(GXFDWLRQ�

%UXQHU� -�� 6�� ��������7RZDUG� D�7KHRU\� RI� ,QVWUXFWLRQ��&DPEULGJH��0DVV��
+DUYDUG�8QLYHUVLW\�3UHVV�

%UXQHU� -�� 6�� �������� 7RZDUGV� D� WKHRU\� RI� ,QVWUXFWLRQ�� 1HZ� <RUN��:�:
1RUWRQ�

%UXQHU�-��6����������9\JRWVN\��$�KLVWRULFDO�DQG�FRQFHSWXDO�SHUVSHFWLYH��,Q
-�� 9��:HUWFK� �HGV���� &XOWXUH�� FRPPXQLFDWLRQ�� DQG� FRJQLWLRQ�� &DPEULGJH
8QLYHUVLW\�3UHVV�
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%\HUV��9��DQG��(UOZDQJHU��6������������&RQWHQW�DQG�IRUP�LQ�0DWKHPDWLFV��
(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������

&DUSHQWHU� 7�� 3���	� )HQQHPD�� (�� �������� 5HVHDUFK� DQG� FRJQLWLYHO\� JXLGH
LQVWUXFWLRQ�� ,Q� (�� )HQQHPD�� 7�� 3�� &DUSHQWHU�� 	� 6�� -�� /DPRQ� �(GV���
,QWHJUDWLQJ� UHVHDUFK� RQ� WHDFKLQJ� DQG� OHDUQLQJ� PDWKHPDWLFV� �SS�� ������
0DGLVRQ�� :LVFRQVLQ� &HQWHU� IRU� (GXFDWLRQ� 5HVHDUFK�� 8QLYHUVLW\� RI
:LVFRQVLQ�

&DUSHQWHU�� 7�� 3�� �������� &RQFHSWXDO� .QRZOHGJH� DV� D� IRXQGDWLRQ� IRU
SURFHGXUDO� .QRZOHGJH�� ,Q� -�� +LHEHUW� �(G����&RQFHSWXDO� DQG� SURFHGXUDO
.QRZOHGJH��7KH�FDVH�RI�PDWKHPDWLFV��SS������������+LOOVGDOH��1-��/($�

&DUSHQWHU�� 7�� 3��� 	� 0RVHU�� -�� 0�� �������� 7KH� DFTXLVLWLRQ� RI� DGGLWLRQ
VXEWUDFWLRQ� FRQFHSWV�� ,Q� 5�� /HVK� 	� /DQGDX� �(GV���� $FTXLVLWLRQ� RI
PDWKHPDWLFV�FRQFHSWV�DQG�SURFHVVHV�SS���������1HZ�<RUN��$FDGHPLF�

&DUSHQWHU�� 7�� 3��� &REXUQ�� 7�� *��� 5H\V� � 5�� (��� 	� :LOVRQ� -�� :�� �������
5HVXOWV� RI� WKH� 1$(3� PDWKHPDWLFV� DVVHVVPHQW�� (OHPHQWDU\� VFKRRO�� 7KH
$ULWKPHWLF�7HDFKHU�

&DUSHQWHU�� 7�� 3��� &REXUQ�� 7�� *��� 5H\V� � 5�� (��� 	� :LOVRQ� -�� :�� �������
5HVXOWV�IURP�WKH�ILUVW�PDWKHPDWLFV�DVVHVVPHQW�RI�WKH�1DWLRQDO�$VVHVVPHQW
RI�(GXFDWLRQDO�3URJUHVV��5HVWRQ��9$��1&70�

&DUSHQWHU��7��3���&RUELWW�0�.���.HSQHU��+��6���/LQGTXLVW��0�0���5H\V� �5�
(���	�5H\V��5��(�� ��������5HVXOWV� DQG� ,PSOLFDWLRQV� RI� WKH� VHFRQG�1$(3
PDWKHPDWLFV�DVVHVVPHQW��(OHPHQWDU\�VFKRRO��7KH�$ULWKPHWLF�7HDFKHU�����
����������

&DUSHQWHU�� 7�� 3��� )HQQHPD�� � (��� 3HWHUVRQ�� 3�� /��� &KLDQJ�� &��� 	� /RHI�0�
��������8VLQJ�NQRZOHGJH�RI�FKLOGUHQ
V�PDWKHPDWLFV�WKLQNLQJ�LQ�FODVVURRP
WHDFKLQJ��$�H[SHULPHQWDO�VWXG\��$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�-RXUQDO�
���������������

&DUSHQWHU��7��3���+LHEHUW���-���	�0RVHU��-��0����������3UREOHP�VWUXFWXUH�DQG
ILUVW� JUDGH� FKLOGUHQ
V� LQLWLDO� VROXWLRQ� SURFHVVHV� IRU� VLPSOH� DGGLWLRQ� DQG
VXEWUDFWLRQ�SUREOHP��-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ�����
������

&DUUDKHU��'��:�� ��������/LQHV� RI� WKRXJKW�� D� UDWLR� DQG�RSHUDWRU�PRGHO� RI
UDWLRQDO�QXPEHU��(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������
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&DUUDKHU��7��1���&DUUDKHU�� �'��:���	�6FKOLPDQQ� ��$���������:ULWWHQ� DQG
RUDO�PDWKHPDWLFV��-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ��������
������

&DVH�� 5�� 	� 6DQGLHVRQ�� 5�� �������� $� GHYHORSPHQWDO� DSSURDFK� WR� WKH
LGHQWLILFDWLRQ�DQG�WHDFKLQJ�RI�FHQWUDO�FRQFHSWXDO�VWUXFWXUHV�LQ�PDWKHPDWLFV
DQG� VFLHQFH� LQ�PLGGOH� JUDGHV�� ,Q� � -��+LHEHUW�	�0��%HKU� �(GV����1XPEHU
FRQFHSWV�DQG�RSHUDWLRQV�LQ�WKH�PLGGOH�JUDGHV��SS������������+LOOVGDOH��1-�
/($�

�&REE�� � 3�� �������� � ,QIRUPDWLRQ�SURFHVVLQJ� SV\FKRORJ\� DQG�PDWKHPDWLFV
HGXFDWLRQ� �$� FRQVWUXFWLYLVW� SHUVSHFWLYH�� 7KH� -RXUQDO� RI� 0DWKHPDWLFDO
%HKDYLRU�������������

&REE��3��DQG� �:KHDWOH\��*�+�� ��������&KLOGUHQ
V� LQLWLDO�XQGHUVWDQGLQJ�RI
WHQ��)RFXV�RQ�/HDUQLQJ�3UREOHPV�LQ�0DWKHPDWLFV���������������

&RFNFURIW�:�+�����������0DWKHPDWLFV�&RXQWV��+062��/RQGRQ�

&ROOLV��.��)���������� �&RJQLWLYH�'HYHORSPHQW�DQG�0DWKHPDWLFV�/HDUQLQJ�
3V\FKRORJ\� RI�0DWK�� (G��:RUNVKRS�� &HQWUH� IRU� 6FLHQFH� DQG�0DWK�� (G��
&KHOVHD�&ROOHJH��8QLYHUVLW\�RI�/RQGRQ�

&RQIUH\�� -�� �������� �0LVFRQFHSWLRQV�� DFURVV� VXEMHFW� PDWWHUV�� 6FLHQFH�
PDWKHPDWLFV��DQG�SURJUDPPLQJ��,Q�-��'��1RYDN��(G����3URFHHGLQJV�RI� WKH
6HFRQG� � ,QWHUQDWLRQDO� 6HPLQDU� RQ� 0LVFRQFHSWLRQV� DQG� (GXFDWLRQDO
6WUDWHJLHV� LQ�6FLHQFH� DQG�0DWKHPDWLFV� �9RO�� ��� SS�� ��������� ,WKDFD��1<�
&RUQHOO�8QLYHUVLW\�

&ULFN��)����������:KDW�PDG�SXUVXLW��$�SHUVRQDO�YLHZ�RI�VFLHWLILF�GLVFRYHU\�
1HZ�<RUN��%DVLF�%RRNV�

'DYLV�� *��� +XQWLQJ�� 5�� 3��� DQG� 3HDUQ�&�� �0DUFK� ������� :KDW� PLJKW� D
IUDFWLRQ�PHDQ�WR�D�FKLOG�DQG�KRZ�D�WHDFKHU�NQRZ"�-RXUQDO�RI�0DWKHPDWLFDO
%HKDYLRU������������

'DYLV�� 5�� %�� �������� /HDUQLQJ� 0DWKHPDWLFV�� 7KH� &RJQLWLYH� 6FLHQFH
$SSURDFK�WR�0DWKHPDWLFV�(GXFDWLRQ��%HFNHQKDP��.HQW��&URRP�+HOP��

'DYLV�� 5�� %�� �������� /HDUQLQJ� PDWKHPDWLFV�� 7KH� FRJQLWLYH� VFLHQFH
DSSURDFK�WR�PDWKHPDWLFV�HGXFDWLRQ��1RUZRRG��1-�$EOH[�

'H� 0RUJDQ�� $�� �������� 6WXG\� DQG� GLIILFXOWLHV� RI� PDWKHPDWLFV� �)RXUWK
UHSULQW�HGLWLRQ���/D�6DOOH��,/��7KH�2SHQ�&RXUW�3XEOLVKLQJ�&R�



���

'HYLQH��'�� )�� �	�.DXIPDQQ�� -�� (�� �������� �0DWKHPDWLFV� IRU� HOHPHQWDU\
HGXFDWLRQ��1HZ�<RUN��-RKQ�:LOH\�	�6RQV�

'LHQHV��=��3����������7KH�3RZHU�RI�0DWKHPDWLFV��+XWFKLQVRQ�(GXFDWLRQDO
/WG���/RQGRQ������

GL6HVVD�� $�� �������� $� � FKLOG
V� VFLHQFH� RI� PRWLRQ�� 2YHUYLHZ� DQG� ILUVW
UHVXOWV�� ,Q� 3URFFHGLQJV� RI� WKH� )RXUWK� ,QWHUQDWLRQDO� &RQIHUHQFH� IRU� /RJR
DQG�0DWKHPDWLFV�(GXFDWLRQ��,VUDHO�/RJR�&HQWUH��7HFKQLRQ�,VUDHO�,QVWLWXWH
RI�7HFKQRORJ\��+DLID��SS����������

'RXDG\�� 5��� �������� 
7KH� LQWHUSOD\� EHWZHHQ� WKH� GLIIHUHQW� VHWWLQJV�� WRRO�
REMHFW� GLDOHFWLF� LQ� WKH� H[WHQVLRQ� RI�PDWKHPDWLFDO� DELOLW\
��3URFHHGLQJV� RI
WKH� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� IRU� WKH� 3V\FKRORJ\� RI� 0DWKHPDWLFV
(GXFDWLRQ��6WDWH�8QLYHUVLW\�RI�8WUHFKW��7KH�1HWKHUODQGV��9RO��,,�

(DVOH\���-�����������3UREOHP�6ROYLQJ������������

(OOHUEUXFK��/��:����DQG�3D\QH��-��1����������$�WHDFKLQJ�VHTXHQFH�IRU�LQLWLDO
IUDFWLRQ�FRQFHSWV� WKURXJK� WKH�DGGLWLRQ�RI�XQOLNH�IUDFWLRQV�� ,Q�0��6X\GDP
�(G����'HYHORSLQJ�FRPSXWDWLRQDO�VNLOOV��5HVWRQ��9LUJLQLD��1DWLRQDO�&RXQVLO
RI�7HDFKHUV�RI�0DWKHPDWLFV�������

(QJHOPDQQ��6����������&RQFHSWXDO�OHDUQLQJ��%HOPRQW��&DOLI���)HUDRQ�3XE�

(UOZDQJHU���-����������-��&KLOGUHQ
V�PDWK��%HKDYLRU�������������

)HQQHPD��(��	�)UDQNH��0��/����������7HDFKHUV
�NQRZOHGJH�DQG�LWV�LPSDFW�
,Q� '�� $�� *URXZV� �(G���� +DQGERRN� RI� UHVHDUFK� RQ� PDWKHPDWLFV� WHDFKLQJ
DQG�OHDUQLQJ��SS������������1HZ�<RUN��0DFPLOODQ�

)HXU]LQJ�� :��� 3DSHUW�� 6��� %ORRP�� 0��� *UDQW�� 5��� 6RORPRQ�� &��� �������
3URJUDPPLQJ� /DQJXDJHV� DV� D� &RQFHSWXDO� )UDPHZRUN� IRU� 7HDFKLQJ
0DWKHPDWLFV��5HSRUW�������%ROW�%HUDQHN�	�1HZPDQ��&DPEULGJH��0DVV�

)LOOR\�� (��� 5RMDQR�� 7��� �������� &RQFUHWH� 0RGHOV� DQG� 3URFHVVHV� RI
$EVWUDFWLRQ� �� 7HDFKLQJ� WR� 2SHUDWH� WKH� 8QNQRZQ�� )RU� WKH� /HDUQLQJ� RI
0DWKHPDWLFV��1R���

)UDHQNHO�� �$��$�� DQG�%DU�+LOOHO��<�� � �������� )RXQGDWLRQV� RI� 6HW�7KHRU\�
$PVWHUGDP��1RUWK�+ROODQG�



���

)UHGHULFRX�� $�� � 	� )ROHURX�� )�� �������� 7HDFKHUV� RI� HOHPHQWDU\� VFKRRO�
$WKHQV��<�%RRNV���,Q�*UHHN��

)UHXGHQWKDO�� � +�� �������� 'LGDFWLFDO� SKHQRPHQRORJ\� RI� PDWKHPDWLFDO
VWUXFWXUHV��%RVWRQ��'��5HLGHO�

*DJQB�� 5�� 0�� �������� 7KH� FRQGLWLRQV� RI� OHDUQLQJ�� 1HZ� <RUN�� +ROW�
5LQHKDUW��	�:LQVWRQ�

*DQVRQ�� 5�� (��� 	� .LHUHQ�� 7�(��� �������� � 2SHUDWRU� DQG� UDWLR� WKLQNLQJ
VWUXFWXUHV�ZLWK�UDWLRQDO�QXPEHUV���$�WKHRUHWLFDO�DQG�HPSLULFDO�H[SORUDWLRQ�
7KH�$OEHUWD�-RXUQDO�RI�(GXFDWLRQDO�5HVHDFK����SS�""

*LQVEXUJ��+��3����������&KLOGUHQ
V�DULWKPHWLF��$867,1��7;��3UR�(G�

*LQWKHU��.���1J��.����	�%HJOH��(����������$�VXUYH\�RI�VWXGHQW�DFKLHYHPHQW
ZLWK� IUDFWLRQV�� 60(6*� :RUNLQJ� 3DSHU� 1R�� ���� 6WDQIRUG� 8QLYHUVLW\�
2FWREHU�������
*ROGHQEHUJ��(��3����������%<7(�������������

*UDHEHU���$���	�7LURVK���'����������0XOWLSOLFDWLRQ�DQG�GLYLVLRQ�LQYROYLQJ
GHFLPDOV��3UHVHUYLFH�HOHPHQWDU\�WHDFKHUV
�SHUIRUPDQFH�DQG�EHOLHIV�-RXUQDO
RI�0DWKHPDWLFDO�%HKDYLRU����������������

*UDHEHU�� � $��� 	� 7LURVK�� � '��� *ORYHU�� 5�� �������� 3UHVHUYLFH� WHDFKHUV
PLVFRQFHSWLRQV�LQ�VROYLQJ�YHUEDO�SUREOHPV�LQ�PXOWLSOLFDWLRQ�DQG�GLYLVLRQ�
-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ�������������

*UHHQR�� � -�� *�� �������� 8QGHUVWDQGLQJ� DQG� SURFHGXUDO� .QRZOHGJH� LQ
PDWKHPDWLFV�LQVWUXFWLRQ��(GXFDWLRQDO�3V\FKRORJLVW�����������������

*UHHQR��-��*����������&ROODERUDWLYH�WHDFKLQJ�DQG�PDNLQJ�VHQVH�RI�V\PEROV�
&RPPHQW� RQ� /DPSHUW
V� �.QRZLQJ�� GRLQJ�� DQG� WHDFKLQJ� PXOWLSOLFDWLRQ�


&RJQLWLRQ�DQG�,QVWUXFWLRQ����������������

*UHHU��%�� ��������8QGHUVWDQGLQJ� RI� DULWKPHWLFDO� RSHUDWLRQV� DV�PRGHOV� RI
VLWXDWLRQV�� LQ� -�� $�� 6ORERGD�	�'�� 5RJHUV� �(GV����&RJQLWLYH� SURFHVVHV� LQ
PDWKHPDWLFV��SS������������1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV�

*UHHU�� %�� �������� ,QWURGXFWLRQ�� -RXUQDO� RI�0DWKHPDWLFDO� %HKDYLRU�� �����
��������

*URHQ�� *��� �������� 7KHRULHV� RI� /RJR�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RI
/RJR�����&DPEULGJH��0DVVDFKXVHWWV��0,7�3UHVV�



���

*XQGHUVRQ�� $�� *�� 	� *XQGHUVRQ�� (�� �������� )UDFWLRQ� FRQFHSWV� KHOG� E\
\RXQJ�FKLOGUHQ��$ULWKPHWLF�7HDFKHU����������

+DOIRUG�� *�� 6�� �������� �$Q� DSSURDFK� WR� WKH� GHILQLWLRQ� RI� FRJQLWLYH
GHYHORSPHQWDO� VWDJHV� LQ� VFKRRO� PDWKHPDWLFV��� %ULWLVK� -RXUQDO� RI
(GXFDWLRQDO�3V\FKRORJ\��������������

+DPHUPDV��-BUJHQ���������(UNHQQWQLV�XQG�,QWHUHVVH�

+DUHO� *��� 	� %HKU��0�� �������� 6WUXFWXUH� DQG� KLHUDUFK\� RI� PLVVLQJ� YDOXH
SURSRUWLRQ� SUREOHPV� DQG� WKHLU� UHSUHVHQWHWLRQV�� 7KH� -RXUQDO� RI
0DWKHPDWLFV�%HKDYLRU������������

+DUHO�� *��� %HKU�� 0��� 3RVW�� 7��� 	� /HVK�� 5�� �������� 7KH� %ORFNV� WDVN� DQG
TXDQWLWDWLYH� UHDVRQLQJ� VNLOOV� RI� �WK� JUDGH� FKLOGUHQ� LQ� VROYLQJ� WKH� WDVN�
&RJQLWLRQ�DQG�,QVWUXFWLRQ���������������

+DUHO�� � ,��	�3DSHUW�� ��������6RIWZDUH�'HVLJQ�DV�D�/HDUQLQJ�(QYLURQPHQW�
,QWHUDFWLYH�/HDUQLQJ�(QYLURQPHQWV���������1RUZRRG��1-��$EOH[�

+DUHO���,���������&KLOGUHQ�DV�6RIWZDUH�'HVLJQHUV��$Q�([SORUDWRU\�6WXG\�LQ
3URMHFW� +HDGOLJKW�� 3DSHU� SUHVHQWHG� DW� WKH� /2*2���� ,QWHUQDWLRQDO
&RQIHUHQFH��&DPEULGJH��0$��0,7�0HGLD�/DERUDWRU\�

+DUULVRQ�� -��	�*UHHU��%�� ��������&KLOGUHQ
V�XQGHUVWDQGLQJ�RI� IUDFWLRQV� LQ
+RQJ� .RQJ� DQG� 1RUWKHQ� ,UHODQG�� ,Q� +LUDED\DVKL�� 1�� 1RKGD�� .�
6KLJHPDVWX��	�)��/LQ��(GV����3URFHHGLQJV�RI� WKH�6HYHQWHHWK� ,QWHUQDWLRQDO
&RQIHUHQFH� �YRO�� ,,,�� SS�� ���������� 7VXNXED�� -DSDQ�� 8QLYHUVLW\� RI
7VXNXED�

+DUW��.��0����������5DWLR�DQG�SURSRUWLRQ��,Q��-��+LHEHUW�	�0��%HKU��(GV���
1XPEHU� FRQFHSWV� DQG� RSHUDWLRQV� LQ� WKH� PLGGOH� JUDGHV� �SS�� ���������
+LOOVGDOH��1-��/($�

+DUW��.��0��� �������� �&KLOGUHQ
V�8QGHUVWDQGLQJ�RI�0DWKHPDWLFV��/RQGRQ�
-RKQ�0XUUD\�

+DUW�� .�� 0��� �������� 5DWLR�� &KLOGUHQ
V� 6WUDWHJLHV� DQG� (UURUV� �:LQGVRU�
1)(5��1HOVRQ��

+DUWXQJ�� 0�� /�� �������� )UDFWLRQV� DQG� UHODWHG� V\PEROLVP� LQ� HOHPHQWDU\
VFKRRO�LQVWUXFWLRQ��(OHPHQWDU\�6FKRRO�-RXUQDO��������������



���

+DUYH\�� %�� �������� :K\� /RJR� "� ,Q� <D]GDQL�� 0�� �� 1HZ� +RUL]RQV� LQ
(GXFDWLRQDO�&RPSXWLQJ��&KLFKHVWHU��(OOLV�+RUZRUG�OWG��SS��������

+DUYH\��%����������6\PEROLF�3URJUDPPLQJ�YV��6RIWZDUH�(QJLQHHULQJ��)XQ
YV��3URIHVVLRQDOLVP��$UH�7KHVH� WKH�6DPH�4XHVWLRQ"� ,Q�3��*HRUJLDGLV��*�
*\IWRGLPRV�� <�� .RWVDQLV�� &�� .\QLJRV� �(GV���� 3URFHHGLQJV� RI� WKH� )RXUWK
(XURSHDQ� /RJR� &RQIHUHQFH�� 8QLYHUVLW\� RI� $WKHQV�� 'HSDUWPHQW� RI
,QIRUPDWLFV��������$XJXVW�������$WKHQV��*UHHFH�

+DVVHWW��-������������3V\FKRORJ\�7RGD\���IHDWXUHG�DUWLFOHV�RQ�FRPSXWHUV�DQG
HGXFDWLRQ��

+DWDQR�� *�� �������� 6RFLDO� DQG� PRWLYDWLRQDO� EDVHV� IRU� PDWKHPDWLFDO
XQGHUVWDQGLQJ�� ,Q� *�� %�� 6D[H� 	� 0�� *HDUKDUW� �(GV���� &KLOGUHQ
V
PDWKHPDWLFV��SS����������6DQ�)UDQFLVFR��-RVVH\�%DVV�

+HUVFRYLFV�� 1�� DQG� � /LQFKHYVNL�� /�� � �������� $� FRJQLWLYH� JDS� EHWZHHQ
DULWKPHWLF� DQG� DOJHEUD�� (GXFDWLRQDO� 6WXGLHV� LQ� 0DWKHPDWLFV�� ���� ������
�����
+LHEHUW� �� � -�� �������� $� WKHRU\� RI� GHYHORSLQJ� FRPSHWHQFH� ZLWK� ZULWWHQ
PDWKHPDWLFDO�V\PEROV��(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������

+LHEHUW��-���	�/H)HYUH��3���������&RQFHSWXDO�DQG�SURFHGXUDO�NQRZOHGJH�LQ
PDWKHPDWLFV��$Q�LQWURGXFWRU\�DQDO\VLV��,Q�-��+LHEHUW��(G����&RQFHSWXDO�DQG
SURFHGXUDO� .QRZOHGJH� �� 7KH� FDVH� RI� PDWKHPDWLFV� �SS�� ������� +LOOVGDOH�
1-��/($�

+LHEHUW�� -��� 	� %HKU�� 0�� -�� �������� ,QWURGXFWLRQ�� &DSWXULQJ� WKH� PDMRU
WKHPHV��,Q��-��+LHEHUW�	�0��%HKU��(GV����1XPEHU�FRQFHSWV�DQG�RSHUDWLRQV
LQ�WKH�PLGGOH�JUDGHV��SS���������+LOOVGDOH��1-��/($�

�+LHEHUW�� -��� 	� &DUSHQWHU�� 7�� 3��������� /HDUQLQJ� DQG� WHDFKLQJ� ZLWK
XQGHUVWDQGLQJ�� ,Q� '�� $�� *URXZV� �(G���� +DQGERRN� RI� UHVHDUFK� RQ
PDWKHPDWLFV�WHDFKLQJ�DQG�OHDUQLQJ��SS����������1HZ�<RUN��0DFPLOODQ�

+LHEHUW�� -��� 	� 7RQQHVVHQ�� /�� +�� �������� 'HYHORSPHQW� RI� WKH� IUDFWLRQ
FRQFHSW� LQ� WZR� SK\VLFDO� FRQWH[WV�� $Q� H[SORUDWRU\� LQYHVWLJDWLRQ�� -RXUQDO
IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ������������������

+LHEHUW�� -��� 	� :HDUQH�� '�� �������� $� PRGHO� RI� 6WXGHQWV
� GHFLPDO
FRPSXWDWLRQ�SURFHGXUHV��&RJQLWLRQ�DQG�,QVWUXFWLRQ������������������

+LHEHUW�� -��� 	� :HDUQH�� '�� �������� 3URFHGXUHV� RYHU� FRQFHSWV�� � 7KH
DFTXLVLWLRQ� RI� GHFLPDO� NQRZOHGJH�� ,Q� -�� +LHEHUW� �(G���� &RQFHSWXDO� DQG



���

SURFHGXUDO�.QRZOHGJH���7KH�FDVH�RI�PDWKHPDWLFV��SS������������+LOOVGDOH�
1-��/($�

+LOOHO��-����DQG�6DPXUFD\��5�����������$QDO\VLV�RI�D�/RJR�(QYLURQPHQW�IRU
/HDUQLQJ� WKH� &RQFHSW� RI� 3URFHGXUHV� ZLWK� 9DULDEOH�� 3URMHFW� 5HSRUW�
&RQFRUGLD�8QLYHUVLW\��0RQWUHDO�

+R\OHV��&���DQG�1RVV��5�������E���&KLOGUHQ�:RUNLQJ�LQ�D�VWUXFWXUHG�/RJR
HQYLURQPHQW�� IURQ�GRLQJ� WR�XQGHUVWDQGLQJ��5HFKHUFKHV�HQ�'LGDFWLTXH�GHV
0DWKBPDWLTXHV��9RO���������SS����������

+R\OHV�� &�� ��������� 7RROV� IRU� /HDUQLQJ�� ,QVLJKWV� IRU� WKH� 0DWKHPDWLFV
(GXFDWRU� IURP� D� /RJR� 3URJUDPPLQJ� (QYLURQPHQW�� )RU� 7KH� /HDUQLQJ� RI
0DWKHPDWLFV������������

+R\OHV�� &�� �������� 'HYHORSLQJ� PDWKHPDWLFDO� NQRZOHGJH� WKURXJK
PLFURZRUOGV�� ,Q� $�-�� %LVKRS�� 6�� 0HOOLQ�2OVHQ� DQG� -�� 9DQ� 'RUPROHQ�
0DWKHPDWLFDO� .QRZOHGJH�� ,WV� *URZWK� 7KURXJK� 7HDFKLQJ� �� .OXZHU
$FDGHPLF�3XEOLVKHUV�

+R\OHV��&���������7KH�SXSLO
V�YLHZ�RI�PDWKHPDWLFV� OHDUQLQJ��(GXFDWLRQDO
6WXGLHV�LQ�0DWKHPDWLFV��������������

+R\OHV��&���	��6XWKHUODQG��5����������/RJR�0DWKHPDWLFV�LQ�WKH�&ODVVURRP�
/RQGRQ��5RXWOHGJH�

+R\OHV�� &��� �����D��� &XOWXUH� DQG� &RPSXWHUV� LQ� WKH� 0DWKHPDWLFV
&ODVVURRP�� ,QDXJXUDO� /HFWXUH�� 8QLYHUVLW\� RI� /RQGRQ�� ,QVWLWXWH� RI
(GXFDWLRQ�

+R\OHV�� � &��� �������� 6FDOLQJ� D� 0RXQWDLQ� �$� 6WXG\� RI� WKH� 8VH�
'LVFULPLQDWLRQ� DQG� *HQHUDOLVDWLRQ� RI� VRPH�0DWKHPDWLFDO� &RQFHSWV� LQ� D
/RJR�(QYLURQPHQW��(XURSHDQ��-RXUQDO�RI�3V\FKRORJ\�RI�(GXFDWLRQ���������
����

+R\OHV���&���1RVV��5�������D���6\QWKHVL]LQJ�PDWKHPDWLFDO�FRQFHSWLRQV�DQG
WKHLU� IRUPDOL]DWLRQ� WKURXJK� WKH� FRQVWUXFWLRQ� RI� D� /RJR�EDVHG� VFKRRO
PDWKHPDWLFV�FXUULFXOXP��,QWHUQDWLRQDO�-RXUQDO�RI�0DWKHPDWLFDO�(GXFDWLRQ
LQ�6FLHQFH�DQG�7HFKQRORJ\�������������������

+R\OHV�� �&���1RVV��5��� 6XWKHUODQG��5�� � ��������7KH�5DWLR� DQG�3URSRUWLRQ
0LFURZRUOG��)LQDO�5HSRUW�RI�WKH�0LFURZRUOG�3URMHFW��9ROXPH�,,,��,QVWLWXWH
RI�(GXFDWLRQ��8QLYHUVLW\�RI�/RQGRQ�



���

+R\OHV�� &��� 6XWKHUODQG�� 5�� �������� &KLOGUHQ� /HDUQLQJ� 0DWKHPDWLFV�
,QVLJKWV� IURP� ZLWKLQ� D� /2*2� (QYLURQPHQW�� 3URFHHGLQJV� RI� 1LQWK
,QWHUQDWLRQDO� &RQIHUHQFH� IRU� WKH� 3V\FKRORJ\� RI� 0DWKHPDWLFV� (GXFDWLRQ�
���������6WDWH�8QLYHUVLW\�RI�8WUHFKW��7KH�1HWKHUODQGV�

+R\OHV��&���6XWKHUODQG��5���DQG�(YDQV��-�����������7KH�/RJR�PDWKV�3URMHFW�
$� 3UHOLPLQDU\� ,QYHVWLJDWLRQ� RI� WKH� 3XSLO�� &HQWUHG� $SSURDFK� WR� WKH
/HDUQLQJ� RI� /RJR� LQ� WKH� 6HFRQGDU\� 0DWKHPDWLFV� &ODVVURRP�� �������
8QLYHUVLW\�RI�/RQGRQ��,QVWLWXWH�RI�(GXFDWLRQ�

+XQWLQJ�� 5�� 3�� �������� $ODQ�� $� FDVH� VWXG\� RI� NQRZOHJGH� RI� XQLWV� DQG
SHUIRPDQFH� ZLWK� IUDFWLRQV�� -RXUQDO� IRU� 5HVHDUFK� LQ� 0DWKHPDWLFV
(GXFDWLRQ�����������������

+XQWLQJ�� 5�� 3�� �������� /HDUQLQJ� IUDFWLRQV� LQ� GLVFUHWH� DQG� FRQWLQXRXV
TXDQWLW\�FRQWH[WV��3URFHHGLQJV�RI�WKH�(LJKWK�,QWHUQDWLRQDO�&RQIHUHQFH�IRU
WKH�3K\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ�

+XQWLQJ��5��3����������7KH�5ROH�RI�GLVFUHWH�TXDQWLW\�SDUWLWLRQ�NQRZOHGJH
LQ�WKH�FKLOG
V�FRQVWXFWLRQ�RI�IUDFWLRQDO�QXPEHU���3K��'��GLVV���8QLYHUVLW\�RI
*HRUJLD�� 'LVVHUWDWLRQ� $EVWUDFWV� ,QWHUQDWLRQDO� ��� �������� �������$�
8QLYHUVLW\�0LFURILOPV�QR����������

+XQWLQJ��5��3����������7KH�5ROH�RI�GLVFUHWH�TXDQWLW\�SDUWLWLRQ�NQRZOHGJH
LQ�WKH�FKLOG
V�FRQVWXFWLRQ�RI�IUDFWLRQDO�QXPEHU���3K��'��GLVV���8QLYHUVLW\�RI
*HRUJLD�� 'LVVHUWDWLRQ� $EVWUDFWV� ,QWHUQDWLRQDO� ��� �������� �������$�
8QLYHUVLW\�0LFURILOPV�QR����������

+XQWLQJ��5��3���	�6KDUSOH\��&��)����������)UDFWLRQ�NQRZOHGJH�LQ�SUHVFKRRO
FKLOGUHQ��-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ�����������������

-HQVHQ� � 5�� -�� DQG� � :DJQHU�� 6�� �������� ��� 3HUVSHFWLYHV� RQ� WKH� SURFHVV
XQLIRUPLW\� RI� EHJLQQLQJ� DOJHEUD� VWXGHQWV��� 3URF�� RI� WKH� �WK�� $QQXDO
0HHWLQJ�RI�WKH�1RUWK�$PHULFDQ�&KDSWHU�RI�WKH�30(���$WKHQV��*HRUJLD�

.DIDL�� <��� 	� +DUHO�� ,�� �������� 5HSOLFDWLQJ� WKH� ,QVWUXFWLRQDO� 6RIWZDUH
'HVLJQ� 3URMHFW� �� $� 3UHOLPLQDU\� 5HVHDUFK� 5HSRUW�� ,Q� +DUHO� �(G���
&RQVWUXFWLRQLVW� /HDUQLQJ�� $� �WK� $QQLYHUVDU\� &ROOHFWLRQ� RI� 3DSHUV�
&DPEULGJH�0$��0,7�0HGLD�/DERUDWRU\�

.DSXW��-����������0XOWLSOLFDWLYH�ZRUG�SUREOHPV�DQG�LQWHQVLYH�TXDQWLWLHV��$
LQWHJUDWHG� VRIWZDUH� UHVSRQVH� �7HFK�� 5HS���� +DUYDUG� *UDGXDWH� 6FKRRO� RI
(GXFDWLRQ��(GXFDWLRQDO�7HFKQRORJ\�&HQWHU�



���

.DSXW�� -�� ��������5HSUHVHQWDWLRQ� V\VWHPV�DQG�PDWKHPDWLFV�� ,Q�&�� -DQYLHU
�(G���� 3UREOHPV� RI� UHSUHVHQWDWLRQ� LQ� WKH� WHDFKLQJ� DQG� OHDUQLQJ� RI
PDWKHPDWLFV��SS����������+LOOVGDOH��1-��/($�

.DSXW���-��-����������7RZDUG�D�WKHRU\�RI�V\PERO�XVH�LQ�PDWKHPDWLFV��,Q�&�
-DQYLHU� �(G����3UREOHPV�RI� UHSUHVHQWDWLRQ� LQ� WKH� WHDFKLQJ�DQG� OHDUQLQJ�RI
PDWKHPDWLFV��SS������������+LOOVGDOH��1-��/($�

.DUPLORII�6PLWK� �������� &KLOGUHQ
V� SUREOHP� VROYLQJ�� ,Q� /DPE�� 0�� (��
%URZQ�� $�� &�� DQG� 5RJRII�� %�� �HGV��� $GYDQFHV� LQ� GHYHORSPHQWDO
SV\FKRORJ\�9RO�����(UOEDXP��SS��������

�.DUSOXV�HW�DO��� ���������5HDVRQLQJ�ZLWK�XQNQRZQV�LQ�JUDGHV������DQG����
3URF�� RI� WKH� �WK�$QQXDO�0HHWLQJ� RI� WKH�1RUWK� $PHULFDQ� &KDSWHU� RI� WKH
30(���$WKHQV��*HRUJLD�

.DUSOXV��5��� 3XORV�� � 6��� DQG� � 6WDJH��(�� � �������� 3URSRWLRQDO� UHDVRQLQJ� LQ
HDUO\�DGROHVFHQWV��,Q�5��/HVK�	�/DQGDX��(GV����$FTXLVLWLRQ�RI�PDWKHPDWLFV
FRQFHSWV�DQG�SURFHVVHV�SS����������1HZ�<RUN��$FDGHPLF�

.HUDQWR��7�����������3URFHVVHV�DQG�VWUDWHJLHV�LQ�VROYLQJ�HOHPHQWDU\�YHUEDO
PXOWLSOLFDWLRQ�DQG�GLYLVLRQ� WDVNV��7KHLU� UHODWLRQVKLS�ZLWK�3LDJHW�DELOLWLHV�
PHPRU\� FDSDVLW\� VNLOOV� DQG� UDWLRQDO� QXPEHU�� +DPHHOLQQD�� )LQODQG�
7DPSHUH�8QLYHUVLW\���(5,&�'RFXPHQW�5HSURGXFWLRQ�6HUYLFH�1R��('����
�����

.HUVODNH��'�� ��������)UDFWLRQV��&KLOGUHQ
V�VWUDWHJLHV�DQG�HUURUV��:LQGVRU�
(QJODQG��1)(5�1(/621�

.KRXU\�� (��� DQG� =D]NLV�� 5�� �������� 2Q� IUDFWLRQV� DQG� QRQ�VWDQGDUG
UHSUHVHQWDWLRQV�� 3UH�VHUYLFH� WHDFKHUV
� FRQFHSWV�� (GXFDWLRQDO� 6WXGLHV� LQ
0DWKHPDWLFV��������������

.LHUHQ�� 7�� (�� �������� 7KH� UDWLRQDO� QXPEHU� FRQVWUXFW�� ,WV� HOHPHQWV� DQG
PHFKDQLVPV�� ,Q� 7�� (��.LHUHQ� �(G���� 5HFHQW� UHVHDUFK� RQ� QXPEHU� OHDUQLQJ
�SS�������������&ROXPEXV��(5,&�60($&�

.LHUHQ�� 7�� (�� �������� )LYH� IDFHV� RI� PDWKHPDWLFDO� .QRZOHGJH� EXLOGLQJ�
(GPRQWRQ��'HSDUWPHQW�RI�VHFRQGDU\�(GXFDWLRQ��8QLYHUVLW\�RI�$OEHUWD�

.LHUHQ�� � 7�� (�� �������� 3HUVRQDO� .QRZOHGJH� RI� UDWLRQDO� QXPEHUV�� ,WV
LQWXLWLYH� DQG� IRUPDO� GHYHORSPHQW�� ,Q� -�� +LHEHUW� 	� 0�� -�� %HKU� �(GV��
1XPEHU� FRQFHSWV� DQG� RSHUDWLRQV� LQ� WKH� PLGGOH� JUDGHV� �SS�� ���������
+LOOVGDOH��1-��/($�



���

.LHUHQ��7��(�� ��������0DWKHPDWLFV� LQ� D�/RJR�(QYLURQPHQW��$�5HFXUVLYH
/RRN� DW� D� &RPSOH[� 3KHQRPHQRQ�� � ,Q� � +R\OHV�� &��� 	� 1RVV�� 5�� �HGV���
/HDUQLQJ�0DWKHPDWLFV�DQG�/RJR��&DPEULGJH��0,7�3UHVV�

.LHUHQ�� 7�� (�� �������� 5DWLRQDO� DQG� IUDFWLRQDO� QXPEHUV�� )URP� TXRWLHQW
ILHOGV� WR� UHFXUVLYH� XQGHUVWDQGLQJ�� ,Q�7�� 3��&DUSHQWHU�� (�� )HQQHPD�� 7��$�
5RPEHUJ��(GV����5DWLRQDO�QXPEHUV���SS����������/($�

.LHUHQ��7��(���	�6RXWKZHOO��%����������5DWLRQDO�QXPEHUV�DV�RSHUDWRUV��7KH
GHYHORSPHQW�RI�WKLV�FRQVWUXFW�LQ�FKLOGUHQ�DQG�DGROHVFHQWV��$OEHUWD�-RXUQDO
RI�(GXFDWLRQDO�5HVHDUFK�������������������

.LHUHQ�� 7�� (��� �������� 2Q� WKH� PDWKHPDWLFDO�� FRJQLWLYH�� DQG� LQVWUXFWLRQDO
IRXQGDWLRQV� RI� UDWLRQDO� QXPEHUV�� ,Q� 5�� /HVK� �(G���� 1XPEHU� DQG
PHDVXUPHQW�� 3DSHUV� IURP� D� UHVHDUFK� ZRUNVKRS�� &ROXPEXV�� 2KLR�
(5,&�60($&�

.LHUHQ��7��(��� �������� ,QIRUPDWLFV� DQG� WKH� VHFRQGDU\� VFKRRO�PDWKHPDWLFV
FXUULFXOXP�� ,Q� '�� &�� -RQKVRQ� DQG� -�� '�� 7LQVOH\� �HGV���� ,QIRUPDWLFV� DQG
PDWKHPDWLFV�LQ�VHFRQGDU\�VFKRROV��SS���������,),3�

.LHUHQ�� � 7�� (��� 1HOVRQ�� '�� �������� 7KH� 2SHUDWRU� &RQVWUXFW� RI� UDWLRQDO
1XPEHUV� LQ� &KLOGKRRG� DQG� $GROHVFHQFH� �� $Q� ([SORUDWRW\� 6WXG\�� 7KH
$OEHUWD�-RXUQDO�RI�(GXFDWLRQDO�5HVHDUFK��YRO��;;,9��1R�����0DUFK�������

.LOSDWULFN���-�����������$�5HWURVSHFWLYH�$FFRXQW�RI�WKH�3DVW�7ZHQW\��ILYH
<HDUV�RI�5HVHDUFK�RQ�7HDFKLQJ�0DWKHPDWLFDO�3UREOHP�6ROYLQJ���LQ�6LOYHU�
(���(G����7HDFKLQJ�DQG�/HDUQLQJ�0DWKHPDWLFDO�3UREOHP�6ROYLQJ��0XOWLSOH
5HVHDUFK�3HUVSHFWLYHV��/DZUHQFH�(UOEDXP�$VVRFLDWHV��+LOOVGDOH��1-�������

.OLQH��0����������:K\�-RKQQ\�&DQ
W�$GG��7KH��)DLOXUH�RI�WKH�1HZ�0DWK�
9LQWDJH�%RRNV��1HZ�<RUN�

.ORSIHU��/��(���&KDPSDJQH��$�%���	�&KDLNOLQ��6�'����������7KH�XELTXLWRXV
TXDQWLWLHV�� ([SORUDWLRQV� WKDW� LQIRUP� WKH� GHVLJQ� RI� LQVWUXFWLRQ� RQ� WKH
SK\VLFDO�SURSHUWLHV�RI�PDWWHU��6FLHQFH�(GXFDWLRQ�����������������

.UDXVH�� (�� )�� �������� 0DWKHPDWLFV� IRU� HOHPHQWDU\� WHDFKHUV�� $� EDODQFHG
DSSURDFK��/H[LQJWRQ��0$�'��&��+HDOWK�	�&RPSDQ\�

.BFKHPDQQ�� '��� �������� �$OJHEUD��� LQ� +DUW�� .�� �HG���� &KLOGUHQ
V
8QGHUVWDQGLQJ�RI�0DWKHPDWLFV���������-RKQ�0XUUD\��/RQGRQ�



���

�/DPEHUW�� � 0��������� .QRZLQJ�� GRLQJ�� DQG� WHDFKLQJ� PXOWLSOLFDWLRQ�
&RJQLWLRQ�DQG�,QVWUXFWLRQ����������������

/DPRQ�� 6�� -�� �������� 5DWLR� DQG� SURSRUWLRQ�� 3UHLQVWXFWLRQDO� FRJQLWLRQV�
8QSXEOLVKHG�GRFWRUDO�GLVVHUWDWLRQ��8QLYHUVLW\�RI�:LVFRQVLQ��0DGLVRQ�

/DPRQ�� 6�� -�� �������� 5DWLR� DQG� SURSRUWLRQ�� &KLOGUHQ
V� FRJQLWLYH� DQG
PHWDFRJQLWLYH�SURFHVVHV�� ,Q�7��3��&DUSHQWHU��(��)HQQHPD��7��$��5RPEHUJ
�(GV����5DWLRQDO�QXPEHUV��SS������������/($�

/DWLQR��-�-����������7DNH�WKH�IROO\�RXW�RI�IUDFWLRQV��$ULWKPHWLF�7HDFKHU����
��������

/DYH�� � -��� 0XUWDXJK�� � 0��� 	� GH� OD� 5RFKD�� 2�� �������� 7KH� GLDOHFWLF� RI
DULWKPHWLF�LQ�JURFHU\�VKRSSLQJ��,Q�%��5RJJRII�	�-��/DYH��(GV����(YHU\GD\
FRJQLWLRQ��SS����������&DPEULGJH��0$��+DUYDUG�8QLYHUVLW\�3UHVV�

/DZOHU�� �5��:�� ��������7KH� SURJUHVVLYH� FRQVWUXFWLRQ� RI�PLQG��&RJQLWLYH
6FLHQFH����������

/DZOHU��5��:�����������%<7(�������������

/HLQKDUGW�� *�� �������� *HWWLQJ� WR� NQRZ�� 7UDFLQJ� VWXGHQWV
� PDWKHPDWLFDO
.QRZOHGJH� IURP� LQWXLWLRQ� WR� FRPSHWHQFH�� (GXFDWLRQDO� 3V\FKRORJLVW�
���������������

/HPHULVH�� 7�� �������� 3LDJHW�� 9\JRWVN\�� 	� /RJR�� &RPSXWHU� 7HDFKHU�
�$SULO���������SS��������

�/HVK�5���3RVW��7��5���	�%HKU��0��-����������3URSRUWLRQDO�UHDVRQLQJ��,Q��-�
+LHEHUW�	�0��%HKU��(GV����1XPEHU�FRQFHSWV�DQG�RSHUDWLRQV�LQ�WKH�PLGGOH
JUDGHV��SS�����������+LOOVGDOH��1-��/($�

/HVK�� 5�� �������� $SSOLHG� PDWKHPDWLFDO� SUREOHP� VROYLQJ�� (GXFDWLRQDO
6WXGLHV�LQ�0DWKHPDWLFV��������������

/HVK�� 5�� 0DWKHPDWLFDO� OHDUQLQJ� GLVDELOLWLHV�� &RQVLGHUDWLRQV� IRU
LGHQWLILFDWLRQ��GLDJQRVLV��DQG�UHPHGLDWLRQ��,Q�5��/HVK��'��0LHUNLHZLF]��	
0�� *�� .DQWRZVNL� �(GV���� $SSOLHG� PDWKHPDWLFDO� SUREOHP� VROYLQJ�
&ROXPEXV��(5,&�60($&���������E�

/HVK�� 5��� /DQGDX�� 0�� DQG� +DPLOWRQ� (�� �������� &RQFHSWXDO� 0RGHOV� DQG
$SSOLHG�0DWKHPDWLFDO� 3UREOHP�6ROYLQJ�5HVHDUFK�� ,Q� 5�� /HVK�	� /DQGDX



���

�(GV����$FTXLVLWLRQ�RI�PDWKHPDWLFV�FRQFHSWV�DQG�SURFHVVHV�SS���������1HZ
<RUN��$FDGHPLF�

/LHEHFN���3���������+RZ�&KLOGUHQ�/HDUQ�0DWKHPDWLFV��3HQJXLQ�%RRNV�
/LQQ��0�� &�� �������� (VWDEOLVKLQJ� D� UHVHDUFK� EDVH� IRU� VFLHQFH� HGXFDWLRQ�
&KDOOHQJHV�� WUHQGV�� DQG� UHFRPPHQGDWLRQV� �5HSRUW� RI� D� 1DWLRQDO
&RQIHUHQFH���%HUNHOH\��&$��/DZUHQFH�+DOO�RI�6FLHQFH�

/RUHQ]�� -�-�� �������� 7HDFKHU�VWXGHQW� LQWHUDFWLRQV� LQ� WKH� PDWKHPDWLFV
FODVVURRP��D�UHYLHZ��)RU�/HDUQLQJ�0DWKHPDWLFV����������

/XQ]HU�� �(��$�� ��������)RUPDO�5HDVRQLQJ��$�5HDSSUDLVDO�� 3V\FKRORJ\�RI
0DWK�� (G�� :RUNVKRS�� 1RYHPEHU�� &HQWUH� IRU� 6FLHQFH� DQG� 0DWK�� (G��
&KHOVHD�&ROOHJH��8QLYHUVLW\�RI�/RQGRQ�

0DFN��1��.����������/HDUQLQJ�IUDFWLRQV�ZLWK�XQGHUVWDQGLQJ��(LJKW�FOLQDFDO
VWXGLHV�� 8QSXEOLVKHG� GRFWRUDO� GLVVHUWDWLRQ�� 8QLYHUVLW\� RI� :LVFRQVLQ�
0DGLVRQ�

0DFN��1��.�� ��������/HDUQLQJ� IUDFWLRQV�ZLWK� XQGHUVWDQGLQJ��%XLOGLQJ�RQ
LQIRUPDO� NQRZOHGJH�� -RXUQDO� IRU� 5HVHDUFK� LQ� 0DWKHPDWLFV� (GXFDWLRQ�
�������������

0DFN��1��.�� ��������/HDUQLQJ� UDWLRQDO�QXPEHUV�ZLWK� XQGHUVWDQGLQJ��7KH
FDVH� RI� LQIRUPDO� NQRZOHJGH�� ,Q� 7�� 3�� &DUSHQWHU�� (�� )HQQHPD�� 7�� $�
5RPEHUJ��(GV����5DWLRQDO�QXPEHUV��SS�����������/($�

0DFN�� 1�� .�� �������� &RQIRXQGLQJ� ZKROH�QXPEHU� DQG� IUDFWLRQ� FRQFHSWV
ZKHQ� EXLOGLQJ� RQ� LQIRUPDO� NQRZOHGJH�� -RXUQDO� IRU� 5HVHDUFK� LQ
0DWKHPDWLFV�(GXFDWLRQ������������������

0DLQYLOOH���:����������)UDFWLRQV��,Q�-��%DXPJDUW��'��'HDO��%��9RJHOL��	�$�
+DOOHUEHUJ� �(GV���� +LVWRULFDO� WRSLFV� IRU� WKH� PDWKHPDWLFV� FODVVURRP�
:DVKLQJWRQ��'��&����1DWLRQDO�&RXQFLO�RI�7HDFKHUV�RI�0DWKHPDWLFV�

0DUNRYLWV�� =�� DQG� 6RZGHU�� -�� �������� 6WXGHQWV
� XQGHUVWDQGLQJ� RI� WKH
UHODWLRQVKLS�EHWZHHQ�IUDFWLRQV�DQG�GHFLPDOV��)RFXV�RQ�/HDUQLQJ�3UREOHPV
LQ�0DWKHPDWLFV��������������

0DUVKDOO��6��3��� ��������$VVHVVPHQW�RI� UDWLRQDO�QXPEHU�XQGHUVWDQGLQJ��$
VFKHPD�EDVHG�DSSURDFK�� ,Q�7��3��&DUSHQWHU��(��)HQQHPD��7��$��5RPEHUJ
�(GV����5DWLRQDO�QXPEHUV��SS������������/($�



���

0DVRQ�� -���%XUWRQ��/��DQG� �6WDFH\� �.��� ��������7KLQNLQJ�0DWKHPDWLFDOO\�
$GGLVRQ�:HVOH\��/RQGRQ�

0DWXUDQD��+���DQG��9DUHOD��)����������$XWRSRLHVLV�DQG�&RJQLWLRQ��9RO����
%RVWRQ�8QLYHUVLW\�3KLORVRSK\�RI�6FLHQFH�6HULHV��'RUGUHFKW��5HLGHO�

0DWXUDQD��+��� DQG� �9DUHOD�� )�� ��������7KH� WUHH� RI� NQRZOHGJH�� %RVWRQ�	
/RQGRQ��7KH�1HZ�6FLHQFH�/LEUDU\��6KDPEDOD�

0F&ORVNH\��0����������� ,QWXLWLYH�3K\VLFV��6FLHQWLILF�$PHULFDQ�����������
����

0F/HOODQ��-���	�'HZH\��-����������7KH�3V\FKRORJ\�RI�QXPEHU��1HZ�<RUN�
'��$SSOHWRQ�

0HQGHV�� $�� -��� 	�0HQGHV�� 7�� �������� 7HFKQLFDO� $VSHFWV� RI� (GXFDWLRQDO
&RXUVHZDUH�'HYHORSPHQW��3UREOHPV�DQG�VRPH�SRVVLEOH�VROXWLRQV�(XULW����
$�(XURSHDQ�&RQIHUHQFH�RQ�7HFKQRORJ\�DQG�(GXFDWLRQ��$SULO�������������
+HUQLQJ��'HQPDUN�

0HQGHV�� 7�� � HW� DO��� �������� &ROODERUDWLYH� (GXFDWLRQDO� 6RIWZDUH
'HYHORSPHQW�� 5HVXOWV� IURP� DQ� ([SHULHQFH�� (XULW� ���� $� (XURSHDQ
&RQIHUHQFH� RQ� 7HFKQRORJ\� DQG� (GXFDWLRQ�� $SULO� ������� ������ +HUQLQJ�
'HQPDUN�

0LQVN\��0�����������7KH�6RFLHW\�RI�0LQG��6LPRQ�	�6FKXVWHU��1HZ�<RUN�
0RQWJRPHU\� '�� &�� �������� 'HVLJQ� DQG� DQDO\VLV� RI� H[SHULPHQWV�� 7KLUG
HGLWLRQ��-2+1�:,/(<�	�6216�

0RRQHQ���-�����������(GXFDWLRQDO�6RIWZDUH�'HYHORSPHQW��7KH�3HGDJRJLFDO
'HVLJQ��� ,Q� �3ORPS�� 7��� 9DQ� 'HXUVHQ�� .�� 	� 0RRQHQ�� -�� �HG��� &$/� IRU
(XURSH�� &RPSXWHU�$VVLVWHG� /HDUQLQJ� IRU� (XURSH�� $PVWHUGDP�� 1RUWK�
+SOODQG�

1DVRQ��5�� �������� 352',*<��$Q� LQWHOOLJHQW� FRPSXWHU�EDVHG� V\VWHP� IRU
GHYHORSPHQW� WHDFKHUV
� H[SHUWLVH� LQ� WKH� GLDJQRVLV� DQG� UHPHGLDWLR� RI
FRPPRQ� HUURUV� SDWWHUQV� LQ� WKH� GRPDLQ� RI� FRPPRQ� IUDFWLRQ�� ,QWHUDFWLYH
/HDUQLQJ�,QWHUQDWLRQDO��9RO�������������

1DVRQ��5����������352',*<��'LDJQRVLV�DQG�UHPHGLDWLRQ�LQ�WKH�GRPDLQ�RI
FRPPRQ�IUDFWLRQV��&RPSXWHUV�(GXFDWLRQ��YRO������1R����SS��������



���

1DWLRQDO� 5HVHDUFK� &RXQFLO� �������� (YHU\ERG\� FRXQWV�� $� UHSRUW� WR� WKH
QDWLRQ�RQ�WKH�IXWXUH�RI�PDWKHPDWLFV�HGXFDWLRQ��:DVKLQJWRQ��'&��1DWLRQDO
$FDGHP\�3UHVV�

1,&+2/6��(�'��	�6:$,1��5�/����������0DWKHPDWLFV�IRU�WKH�HOHPHQWDU\
VFKRRO�WHDFKHU��1HZ�<RUN��+ROW��5LQHKDUW��	�:LQVWRQ�

1,&+2/6��(�'���	�%(+5�0�-����������(OHPHQWDU\�VFKRRO�PDWKHPDWLFV
DQG�KRZ�WR�WHDFK�LW��1HZ�<RUN��1<��+ROW��5LQHKDUW��	�:LQVWRQ�

1LFNHUVRQ��5��6����������8QGHUVWDQGLQJ��XQGHUVWDQGLQJ��'UDIW�PDQXVFULSW�
�1,(�&RQWUDFW�1R���������������

1LN�3D��1LN�$]LV�� �������� �&KLOGUHQ
V�)UDFWLRQDO� 6FKHPHV��� 3K��'�� GLVV��
8QLYHUVLW\�RI�*HRUJLD�������

1RHOWLQJ��*�������D���7KH�GHYHORSPHQW�RI�SURSRUWLRQDO�UHDVRQLQJ�DQG�WKH
UDWLR� FRQFHSW�� 3DUW� ,� �'LIIHUHQWLDWLRQ� RI� VWDJHV�� (GXFDWLRQDO� 6WXGLHV� LQ
0DWKHPDWLFV��������������

1RHOWLQJ��*�������E���7KH�GHYHORSPHQW�RI�SURSRUWLRQDO�UHDVRQLQJ�DQG�WKH
UDWLR� FRQFHSW�� 3DUW� ,,�� 3UREOHP�6WUXFWXUH� DW� VXFFHVVLYH� VWDJHV�� 3UREOHP�
6ROYLQJ� VWUDWHJLHV� DQG� WKH� PHFKDQLVP� RI� DGDSWLYH� UHVWUXFWXULQJ�
(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������

1RHOWLQJ��*�� �������� 7KH� GHYHORSPHQW� � RI� SURSRUWLRQDO� UHDVRQLQJ� LQ� WKH
FKLOG� DQG� DGROHVFHQW� WKURXJK� FRPELQDWLRQ� RI� ORJLF� DQG� DULWKPHWLF�� ,Q� (�
&RKRUV�� )UHVHQERUJ� 	� ,�� :DFKVPXWK� �(GV��� 3URFHHGLQJV� RI� WKH� VHFRQG
LQWHUQDWLRQDO� &RQIHUHQFH� IRU� WKH� 3V\FKRORJ\� RI� PDWKHPDWLFV� (GXFDWLRQ�
2VQDEUXFN��:HVW�*HUPDQ\��8QLYHUVLW\�RI�2VQDEUXFN�

1RVV�� � 5�� �������� ([SORUDWLRQV� LQ� PDWKHPDWLFDO� WKLQNLQJ�� 6RPH
LPSOLFDWLRQV� IURP�/RJR�FODVVURRPV��3URFHHGLQJV�RI�/RJR����&RQIHUHQFH
�&DPEULGJH��0DVVDFKXVHWWV��0,7�3UHHV��

1RVV�� 5�� �������� &RQVWUXFWLQJ� D� &RQFHSWXDO� )UDPHZRUN� IRU� (OHPHQWDU\
$OJHEUD�WKURXJK�/RJR�3URJUDPPLQJ��(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV�
���������������

1RVV��5����������,Q�GHIHQFH�RI�0DWKHPDWLFV��0LFURPDWK�������������

1RVV��5���	�+R\OHV��&�� �������� /RRNLQJ�%DFN� DQG� /RRNLQJ� )RUZDUG�� ,Q
+R\OHV�� &��� 	� 1RVV�� 5�� �HGV���� /HDUQLQJ� 0DWKHPDWLFV� DQG� /RJR�
&DPEULGJH��0,7�3UHVV�



���

1RVV�� 5��� �������� &UHDWLQJ� D� 0DWKHPDWLFDO� (QYLURQPHQW� WKURXJK
3URJUDPPLQJ�� $� 6WXG\� RI� <RXQJ� &KLOGUHQ� /HDUQLQJ� /RJR�� ,QVWLWXWH� RI
(GXFDWLRQ��8QLYHUVLW\�RI�/RQGRQ�

1RYDN�� -�� '�� �(G��� �������� 3URFHHGLQJV� RI� WKH� 6HFRQG� � ,QWHUQDWLRQDO
6HPLQDU� RQ� 0LVFRQFHSWLRQV� DQG� (GXFDWLRQDO� 6WUDWHJLHV� LQ� 6FLHQFH� DQG
0DWKHPDWLFV��,WKDFD��1<��&RUQHOO�8QLYHUVLW\�

1RYLOOLV��&��)����������$Q�DQDO\VLV�RI�WKH�IUDFWLRQ�FRQFHSW�LQWR�D�KLHUDFK\
RI� VHOHFWHG� VXEFRQFHSWV� DQG� WKH� WHVWLQJ�RI� WKH�KLHUDUFKLFDO� GHSHQGHQFLHV�
-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ����������������

1RYLOOLV�/DUVRQ�� &�� �������� /RFDWLQJ� SURSHU� IUDFWLRQV� RQ� QXPEHU� OLQHV�
(IIHFW�RI�OHQJWK�DQG�HTXLYDOHQFH��6FKRRO�6FLHQFH�DQG�0DWKHPDWLFV���������
��������

2KOVVRQ�� 6�� �������� 6HQVH� DQG� UHIHUHQFH� LQ� WKH� GHVLJQ� RI� LWHUDWLYH
LOOXVWUDWLRQV�IRU�UDWLRQDO�QXPEHUV�� ,Q�5��:��/DZOHU�	�0��<D]GDQL� �(GV���
$UWLILFLDO�LQWHOOLJHQFH�DQG�HGXFDWLRQ��SS������������1RUZRRG��1-��$EOH[�

2KOVVRQ��6�����������0DWKHPDWLFDO��PHDQLQJ�DQG��DSSOLFDWLRQDO�PHDQLQJ�LQ
WKH� VHPDQWLFV� RI� IUDFWLRQV� DQG� UHODWHG� FRQFHSWV�� ,Q� +LHEHUW� 	� 0�� %HKU
�(GV����1XPEHU�FRQFHSWV�LQ�WKH�PLGGOH�JUDGHV��YRO�����SS����������5HVWRQ�
9$��1DWLRQDO�&RXQFLO�RI�WHDFKHUV�RI�PDWKHPDWLFV�

2ZHQV�� � '�� 7�� �������� 6WXG\� RI� WKH� UHODWLRQVKLS� RI� DUHD� FRQFHSW� DQG
OHDUQLQJ� FRQFHSWV� E\� FKLOGUHQ� LQ� JUDGHV� WKUHH� � DQG� IRXU�� ,Q�7�� (��.LHUHQ
�(G����5HFHQW�UHVHDUFK�RQ�QXPEHU�OHDUQLQJ��&ROXPEXV��(5,&�60($&�

3DSHUW��6�������D���3HUHVWURLND�DQG�HSLVWHPRORJLFDO�SROLWLFV��,Q�+DUHO�	�6�
3DSHUW��(GV����&RQVWUXFWLRQLVP��1RUZRRG��1-��$EOH[�

3DSHUW�� 6�� �����E��� 1HZ� LPDJHV� RI� SURJUDPPLQJ�� � ,Q� VHDUFK� RI� DQ
HGXFDWLRQDOO\�SRZHUIXO�FRQFHSW�RI�WHFKQRORJLFDO�IOXHQF\��$�SURSRVDO�WR�WKH
1DWLRQDO�6FLHQFH�)RXQGDWLRQ��16)���0,7�0HGLD�/DE��&DPEULGJH��0$�

3DSHUW��6�� ��������0LQGVWRUPV��&RPSXWHUV��&KLOGUHQ�DQG�3RZHUIXO� ,GHDV�
1HZ�<RUN��%DVLF�%RRNV�

3D\QH�� -�� �������� �5HYLHZ� RI� 5HVHDUFK� RQ� )UDFWLRQV��� ,Q� 1XPEHU� DQG
0HDVXUPHQW�� HGLWHG� E\� 5LFKDUG� /HVK�� ��������� &ROXPEXV�� 2KLR�
(5&�60($&�



���

3HD�� 5�� '�� DQG� .XUODQG�� '�� 0��� �������� �2Q� WKH� &RJQLWLYH� (IIHFWV� RI
/HDUQLQJ�&RPSXWHU�3URJUDPPLQJ���1HZ�,GHDV�LQ�3V\FKRORJ\�������������
����

3HFN��'��0���	� -HQFNV�� 6��0�� ��������&RQFHSWXDO� LVVXHV� LQ� WKH� WHDFKLQJ
DQG�OHDUQLQJ�RI�IUDFWLRQV��-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ�
���������������

3HUNLQV��'��1�����������.QRZOHGJH�DV�GHVLJQH��+LOOVGDOH��1-��(UOEDXP�

3HWHUVRQ�� � 3��������� 7HDFKHUV
� DQG� VWXGHQWV
� FRJQLWLRQDO� NQRZOHGJH� IRU
FODVVURRP�WHDFKLQJ�DQG�OHDUQLQJ��(GXFDWLRQDO�5HVHDUFKHU��������������

3KLOLSSR\�� *�� 	� &KULVWRX�� &�� �������� 3URVSHFWLYH� HOHPHQWDU\� WHDFKHUV

FRQFHSWXDO� DQG� SURFHGXUDO� NQRZOHGJH� RI� IUDFWLRQV�� 3URFHHGLQJV� RI� WKH
30(��;9,,,�� YRO�� ,9�� SS�� ������� ��� -XO\�� ��$XJXVW� ������8QLYHUVLW\� RI
/LVERQ��/LVERQ��SRUWXJDO�

3LDJHW��-����������6L[�SV\FKRORJLFDO�VWXGLHV��1HZ�<RUN��5DQGRP�+RXVH�

3LDJHW��-���,QKHOGHU��%���	�6]HPLQVND��$����������7KH�FKLOG
V�FRQFHSWLRQ�RI
JHRPHWU\��/RQGRQ��5RXWOHGJH�	�.HJDQ�3DXO�

3LULH��6��DQG�.LHUHQ��7�� ��������&UHDWLQJ�FRQVWUXFWLYLVW�HQYLURQPHQWV�DQG
FRQVWUXFWLQJ� FUHDWLYH� PDWKHPDWLFV��(GXFDWLRQDO� 6WXGLHV� LQ� 0DWKHPDWLFV�
������������

3LULH�� 6�� (�� %�� �������� 8QGHUVWDQGLQJ�� ,QVWUXPHQWDO�� UHODWLRQDO�� LQWXLWLYH�
FRQVWUXFWHG�� IRUPDOL]HG� ���� +RZ� FDQ� ZH� NQRZ"� )RU� WKH� /HDUQLQJ� RI
0DWKHPDWLFV������������

3RONLQJKRUQH��$�5��<RXQJ� FKLOGUHQ� DQG� IUDFWLRQV�� &KLOGKRRG� (GXFDWLRQ�
������������������

3RO\D��*�����������+RZ�WR�6ROYH�,W��3ULQFHWRQ�8QLYHUVLW\�3UHVV��3ULQFHWRQ�
1-�

3RVW�� &UDPHU�� %HKU�� /HVK�� +DUHO�� �������� &XUULFXOXP� LPSOLFDWLRQV� RI
UHVHDUFK� RQ� WKH� OHDUQLQJ�� WHDFKLQJ� DQG� DVVHVVLQJ� RI� UDWLRQDO� QXPEHUV
FRQFHSWV��,Q�7��3��&DUSHQWHU��(��)HQQHPD��7��$��5RPEHUJ��(GV����5DWLRQDO
QXPEHUV��SS������������/($�



���

3RVW��7��5���%HKU��0��-��	�/HVK��5����������5HVHDUFK��EDVHG�REVHUYDWLRQV
DER\W�FKLOGUHQ
V�OHDUQLQJ�RI�UDWLRQDO�QXPEHU�FRQFHSWV��)RFXV�RQ�/HDUQLQJ
3UREOHPV�LQ�0DWKHPDWLFV��������������

3RVW�� 7��� +DUHO�� *��� %HKU��0���	� /HVK�� 5�� �������� ,QWHUPHGLDWH� WHDFKHUV

.QRZOHGJH�RI�UDWLRQDO�QXPEHUV�FRQWHQWV��,Q�(��)HQQHPD��(G����,QWHJUDWLQJ
UHVHDUFK� RQ� WHDFKLQJ� DQG� OHDUQLQJ�PDWKHPDWLFV� �SS�� ����������0DGLVRQ�
:,��1DWLRQDO�&HQWHU�IRU�5HVHDUFK�LQ�0DWKHPDWLFDO�6FLHQFH�(GXFDWLRQ�

3RVW�� 7��� +DUHO�� *��� %HKU��0���	� /HVK�� 5�� �������� ,QWHUPHGLDWH� WHDFKHUV

.QRZOHGJH�RI�UDWLRQDO�QXPEHUV�FRQWHQWV��,Q�(��)HQQHPD��7��3��&DUSHQWHU�
	� 6�-�� /DPRQ� �(GV���� ,QWHJUDWLQJ� UHVHDUFK� RQ� WHDFKLQJ� DQG� OHDUQLQJ
PDWKHPDWLFV��SS������������$OEDQ\��1<��681<�

3RVW�� 7��� :DFKVPXWK� � ,��� � 	� /HVK�� 5��� %HKU�� 0�� �������� �2UGHU� DQG
(TXLYDOHQFH� RI� 5WLRQDO� 1XPEHUV�� $� &RJQLWLYH� $QDO\VLV��� -RXUQDO� IRU
5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ��������

3RVWHO��+�����������*UR HQ��RGHU�2SHUDWRUNRQ]HSW�LQ�GHU�%UXFKUHFKQXQJ"
���0DWKHPDWLNXQWHUULFKW����������

3XWQDP��5���/DPSHUW��0���	�3HWHUVRQ��3����������$OWHUQDWLYH�SHUVSHFWLYHV
RQ� NQRZLQJ� PDWKHPDWLFV� LQ� HOHPHQWDU\� VFKRROV�� 5HYLHZ� RI� 5HVHDUFK� LQ
(GXFDWLRQ�������������

5DGDW]��+����������6WXGHQWV
�HUURUV�LQ�WKH�PDWKHPDWLFDO�OHDUQLQJ�SURFHVV��$
VXUYH\��)RU�7KH�/HDUQLQJ�RI�0DWKHPDWLFV��������������

5DSSDSRUW�� '�� �������� 7KH� PHDQLQJ� RI� IUDFWLRQV�� 6FKRRO� 6FLHQFH� DQG
0DWKHPDWLFV��������������

5HVQLFN���/��%����������7KH�GHYHORSPHQW�RI�PDWKHPDWLFDO�LQWXLWLRQ��,Q�0�
3HUOPXWWHU��(G����3HUVSHFWLYHV�RQ�LQWHOHFWXDO�GHYHORSPHQW��7KH�0LQQHVRWD
6\PSRVLD� RQ� &KLOG� 3V\FKRORJ\� �9RO�� ���� SS�� ���������� +LOOGDOH�� 1-�
/DZUHQFH�(UOEDXP�$VVRFLDWHV�

5HVQLFN� � /�� ������� $SULO��� 6LWXDWLRQV� IRU� OHDUQLQJ� DQG� WKLQNLQJ�� 3DSHU
SUHVHQWHG�DW�WKH�$QQXDO�0HHWLQJ�RI�WKH�$(5$��&KLFDJR��,/�

5HVQLFN��/��%���	�)RUG��:�:����������7KH�SV\FKRORJ\�RI�PDWKHPDWLFV�IRU
LQVWUXFWLRQ��+LOOVGDOH��1-��/($�



���

5HVQLFN� �0���2FNR��6�� ��������/(*2�/RJR��/HDUQLQJ� WKURXJK�DQG�DERXW
GHVLJQ�� ,Q� ,�� +DUHO� �(G���� &RQVWUXFWLRQLVW� OHDUQLQJ�� $� �WK� DQQLYHUVDU\
FROOHFWLRQ�RI�SDSHUV��&DPEULGJH��0$�0,7�0HGLD�/DERUDWRU\�

5HVQLFN� �0��� 2FNR�� 6��� 	� 3DSHUW�� 6�� �������� /HJR�� /2*2�� DQG� GHVLJQ�
&KLOGUHQ
V�(QYLURQPHQWV�4XDUWHUO\�������

5HVQLFN�� /��%�� ��������7DVN� DQDO\VLV� LQ� LQVWUXFWLRQDO� GHVLJQ�� VRPH� FDVHV
IURP�PDWKHPDWLFV��&RJQLWLRQ� DQG� ,QVWUXFWLRQ�� HGLWHG� E\� '�� .ODKU� �1HZ
-HUVH\���/($��

5HVQLFN�� /�� %��� 	� 2PDQVRQ�� 6�� )�� �������� /HDUQLQJ� WR� XQGHUVWDQG
DULWKPHWLF��,Q�5��*ODVHU���(G����$GYDQFHV�LQ�LQVWUXFWLRQDO�SV\FKRORJ\���YRO�
���SS����������+LOOVGDOH��1-��/DZUHQFH�(UOEDXP�$VVRFLDWHV�

5HVQLFN�� /�� %���������� 0DWKHPDWLFV� DQG� 6FLHQFH� /HDUQLQJ�� D� QHZ
FRQFHSWLRQ��6FLHQFH�������S���������

5LHVV��$��3�� � ��������$�QHZ�DSSURDFK� WR� WKH� WHDFKLQJ�RI� IUDFWLRQV� LQ� WKH
LQWHUPHGLDWH�JUDGHV��6FKRRO�6FLHQFH�DQG�0DWKHPDWLFV���������������

5LOH\�� 0�� 6��� *UHHQR�� -�� *��� 	� +HOOHU�� -�� ,�� �������� 'HYHORSPHQW� RI
FKLOGUHQ
V�SUREOHP�VROYLQJ�DELOLW\� LQ� DULWKPHWLF�� ,Q�+��3��*LQVEXUJ� �(G���
7KH� GHYHORSPHQW� RI� PDWKHPDWLFDO� WKLQNLQJ� �SS�� ���������� 1HZ� <RUN�
$FDGHPLF�

5REHUWV��0��3����������$�FOLQLFDO�DQDO\VLV�RI�IRXUWK�DQG�ILIWK�JUDGH�VWXGHQWV
XQGHUVWDQGLQJV� DERXW� WKH� RUGHU� DQG� HTXLYDOHQFH� RI� IUDFWLRQDO� QXPEHUV�
8QSXEOLVKHG�PDVWHU
V�WKHVLV��8QLYHUVLW\�RI�0LQQHVRWD��0LQQHDSROLV�

5RPEHUJ�� 7�� $��� � 	� &DUSHQWHU�� 7�� 3�� �������� 5HVHDUFK� RQ� WHDFKLQJ� DQG
OHDUQLQJ� PDWKHPDWLFV�� � 7ZR� GLVFLSOLQHV� RI� VFLHQWLILF� LQTXLU\�� ,Q� 0�
:LWWURFN��(G����7KH�WKLUG�KDQGERRN�RI�UHVHDUFK�RQ�WHDFKLQJ��SS�����������
1HZ�<RUN��0DFPLOODQ�

5RPEHUJ��7��$���+DUYH\��-��*���0RVHU��-�0��	�0RQWJRPHU\��0��(��������
������

6DFNXU�*ULVYDUG�� &��� 	� /HRQDUG�� )�� �������� ,QWHUPHGLDWH� FRJQLWLYH
RUJDQL]DWLRQV�LQ�WKH�SURFHVV�RI�OHDUQLQJ�D�PDWKHPDWLFDO�FRQFHSW��7KH�RUGHU
RI�SRVLWLYH�GHFLPDO�QXPEHUV��&RJQLWLRQ�DQG�,QVWUXFWLRQ����������������

6DHQ]�/XGORZ�$�����������$QQ
V�IUDFWLRQ�VFKHPHV��-RXUQDO�IRU�5HVHDUFK�LQ
0DWKHPDWLFV�(GXFDWLRQ���������������



���

6DHQ]�/XGORZ��$�����������0LFKDHO��$�&DVH�6WXG\�RI�WKH�UROH�RI�XQLWL]LQJ
RSHUDWLRQV�ZLWK�QDWXUDO�QXPEHUV�LQ�WKH�FRQFHSWXDOL]DWLRQ�RI�IUDFWLRQV���,Q
SURFHHGLQJV� RI� WKH� IRXUWHHQWK� 30(� FRQIHUHQFH�� HGLWHG� E\�*�� %RRNHU�� 3�
&REE��DQG�7��1��GH�0HQGLFXWL���������0H[LFR�&LW\��3URJUDP�&RPPLWHH�IRU
WKH�LQWHUQDWLRQDO�JURXS�IRU�WKH�SV\FKRORJ\�RI�PDWKHPDWLFV�HGXFDWLRQ�

6DHQ]�/XGORZ�� $�� �������� 0LFKDHO
V� IUDFWLRQ� VFKHPHV�� -RXUQDO� IRU
5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ����������������

6DPER��$EGXVVDODPL��$����������7UDQVIHU�HIIHFWV�RI�PHDVXUH�FRQFHSWV�RQ
WKH�OHDUQLQJ�RI�IUDFWLRQDO�QXPEHUV��'RFWRUDO�GLVVHUWDWLRQ��7KH�8QLYHUVLW\�RI
$OEHUWD�

6D[H�� *�� %�� �������� &DQG\� VHOOLQJ� DQG� PDWK� OHDUQLQJ�� (GXFDWLRQDO
5HVHDUFKHU���������������

6FKRHQIHOG� �$��+������������0HWDFRJQLWLYH�DQG�(SLVWHPRORJLFDO� ,VVXHV� LQ
0DWKHPDWLFDO�8QGHUVWDQGLQJ����LQ�6LOYHU��(���(G����7HDFKLQJ�DQG�/HDUQLQJ
0DWKHPDWLFDO�3UREOHP�6ROYLQJ��0XOWLSOH�5HVHDUFK�3HUVSHFWLYHV��/DZUHQFH
(UOEDXP�$VVRFLDWHV��+LOOVGDOH��1-����������

6FKZDUW]�� -�� /�� �������� 6HPDQWLF� DVSHFWV� RI� TXDQWLW\�� 8QSXEOLVKHG
PDQXVFULSW��0,7��&DPEULIJH�

6FKZDU]�� -�� /�� �������� ,QWHQVLYH� TXDQWLW\� DQG� UHIHUHQW� WUDQVIRUPLQJ
DULWKPHWLF�RSHUDWLRQV�� ,Q� �-��+LHEHUW�	�0��%HKU� �(GV����1XPEHU�FRQFHSWV
DQG�RSHUDWLRQV�LQ�WKH�PLGGOH�JUDGHV��SS����������+LOOVGDOH��1-��/($�

6FULEQHU��6���������6WXG\LQJ�ZRUNLQJ�LQWHOOLJHQFH��,Q�%��5RJJRI�	�-��/DYH
�(GV���� (YHU\GD\� FRJQLWLRQ� �SS�� ������� &DPEULGJH�� 0$�� +DUYDUG
8QLYHUVLW\�3UHVV�

6KDXJKQHVV\�� -��0�� �������� 3UREOHP� VROYLQJ� GHUDLOHUV�� 7KH� LQIOXHQFH� RI
PLVFRQFHSWLRQV� RQ� SUREOHP�VROYLQJ� SHUIRUPDQFH�� ,Q� (�� $�� 6LOYHU� �(G���
7HDFKLQJ�DQG�/HDUQLQJ�PDWKHPDWLFDO�SUREOHP�VROYLQJ��0XOWLSOH�UHVHDUFK
SHUVSHFWLYHV��SS������������+LOOVGDOH��1-�/DZUHQFH�(UOEDXP�$VVRFLDWHV�

6KXOPDQ�� /�� 6�� �������� 7KRVH� ZKR� XQGHUVWDQG�� .QRZOHGJH� JURZWK� LQ
WHDFKLQJ��(GXFDWLRQDO�5HVHDUFKHU��������������

6KXOPDQ��/��6����������.QRZOHGJH�DQG�WHDFKLQJ��)RXQGDWLRQV�RI�WKH�QHZ
UHIRUP��+DUYDUG�(GXFDWLRQDO�5HYLHZ��������������



���

6LHJOHU��5��6�� ��������7KUHH�DVSHFWV�RI� FRJQLWLYH�GHYHORSPHQW��&RJQLWLYH
3V\FKRORJ\�������������

6LOYHU�� (�� $�� �������� 3URELQJ� <RXQJ� $GXOWV
� 7KLQNLQJ� $ERXW� 5DWLRQDO
1XPEHUV��)RFXV�RQ�/HDUQLQJ�3UREOHPV�LQ�0DWKHPDWLFV�������������������

6LOYHU��(�$����������<RXQJ�DGXOWV
� WKLQNLQJ�DERXW�UDWLRQDO�QXPEHUV�� ,Q�7�
5��3RVW�	�0��3��5REHUWV��(GV����3URFHHGLQJV�RI�WKH�7KLUG�$QQXDO�0HHWLQJ
RI� WKH� 1RUWK� $PHULFDQ� &KDSWHU� RI� WKH� ,QWHUQDWLRQDO� *URXS� IRU� WKH
3V\FKRORJ\� RI� 0DWKHPDWLFV� (GXFDWLRQ� �SS�� ���������� 0LQQHDSROLV�
8QLYHUVLW\�RI�0LQQHVRWD�

6NHPS��5�5� �������� 7KH� 3V\FKRORJ\� RI� /HDUQLQJ�0DWKHPDWLFV�� /RQGRQ�
3HQJXLQ�%RRNV�

6RZGHU��-��7����������0HQWDO�FRPSXWDWLRQ�DQG�QXPEHU�FRPSDULVRQ��7KHLU
UROHV�LQ�WKH�GHYHORSPHQW�RI�QXPEHU�VHQVH�DQG�FRPSXWDWLRQDO�HVWLPDWLRQ��,Q
-�� +LHEHUW� 	� 0�� %HKU� �(GV���� 1XPEHU� FRQFHSWV� DQG� RSHUDWLRQV� LQ� WKH
PLGGOH�JUDGHV��SS������������+LOOVGDOH��1-��/($�

6RZGHU�� -��7���&URVVZKLWH��)�� -���*UHHQR�� -��*���.LOSDWULF�� -���0F/HRG��'�
%���5RPEHUJ��7��$���6SULQJHU��*���6WLJOHU��-��:���	�6ZDIIRUG��-��2���������
6HWWLQJ� D� UHVHDUFK� DJHQGD�� 5HVWRQ�� 9$�1&70�� DQG� +LOOVGDOH�� 1-�
/DZUHQFH�(UOEDXP�$VVRFLDWHV�

6RZGHU�� /�� �������� &KLOGUHQ V� VROXWLRQV� RI� VWRU\� SUREOHPV�� -RXUQDO� RI
0DWKHPDWLFDO�%HKDYLRU����������������

6RZGHU�� 7�-�� �%H]XN�� � 1��� 6RZGHU� /��.�� �������� 8VLQJ� SULQFLSOHV� IURP
FRJQLWLYH� SV\FKRORJ\� WR� JXLGH� UDWLRQDO� QXPHU� LQVWUXFWLRQ� IRU� SURVSHFWLYH
WHDFKHUV�� ,Q� &DUSHQWHU�� 7�3��)HQQHPD� (��� 5RPEHUJ� 7�$�� �(GV����5DWLRQDO
1XPEHUV��/($������

6WHIIH� �� /��� &REE�� 3��� 	� � YRQ� *ODVHUIHOG�� (�� �������� &RQVWUXFWLRQ� RI
DULWKPHWLFDO�PHDQLQJV�DQG�VWUDWHJLHV��1HZ�<RUN��1<��6SULQJHU�9HUODJ�

6WHIIH��/�� � �������$SULO���&RPSRVLWH�XQLWV�DQG�WKHLU�FRQVWLWLYH�RSHUDWLRQV�
3DSHU� SUHVHQWHG� DW� 5HVHDUFK� 3UHVHVVLRQ� WR� WKH� $QQXDO� 0HHWLQJ� RI� WKH
1DWLRQDO�&RXQFLO�RI�7HDFKHUV�RI�0DWKHPDWLFV��:DVKLQJWRQ��'&�

6WHIIH�� /�� �������� &KLOGUHQ
V� FRQVWXFWLRQ� RI� QXPEHU� VHTXHQFHV� DQG
PXOWLSO\LQJ� VFKHPHV�� ,Q� � -��+LHEHUW�	�0��%HKU� �(GV����1XPEHU� FRQFHSWV
DQG�RSHUDWLRQV�LQ�WKH�PLGGOH�JUDGHV��SS������������5HVWRQ��9$��1DWLRQDO
&RXQFLO�RI�7HDFKHUV�RI�0DWKHPDWLFV�



���

6WHIIH�� /�� 3��� %DWWLVWD�� 0�� 7��� &OHPHQWV�� '�� +�� �������� 7KH� SUREOHP� RI
)UDFWLRQV� LQ� WKH� (OHPHQWDU\� 6FKRRO�� $ULWKPHWLF� 7HDFKHU��0D\� ������ SS�
������

6WHIIH�� /�� 3��� YRQ� *ODVHUVIHOG�� (��� 5LFKDUGV�� -��� 	� &REE�� 3�� �������
&KLOGUHQ
V�FRXQWLQJ�W\SHV��3KLORVRSK\��WKHRW\�DQG�DSSOLFDWLRQ��1HZ�<RUN�
3UDHJHU�

6WUHHIODQG��/�� �����F���6XEWUDFWLQJ�IUDFWLRQV�ZLWK�GLIIHUHQW�GHQRPLQDWRUV�
3URFHHGLQJV� RI� WKH� )LIWK� ,QWHUQDWLRQDO� &RQIHUHQFH� IRU� 3V\FKRORJ\� RI
0DWKHPDWLFV�(GXFDWLRQ��YRO�,��*UHQREOH�����F��������

6WUHHIODQG��/�� �����F���6XEWUDFWLQJ�IUDFWLRQV�ZLWK�GLIIHUHQW�GHQRPLQDWRUV�
(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������

6WUHHIODQG��/�������G���7KH�UROH�RI�URXJK�HVWLPDWLRQ�LQ�/HDUQLQJ�UDWLR�DQG
SURSRUWLRQ��DQ�H[SORUDWRW\�UHVHDUFK��3URFHHGLQJV�RI�WKH�6L[WK�,QWHUQDWLRQDO
&RQIHUHQFH� IRU� 3V\FKRORJ\� RI�0DWKHPDWLFV� (GXFDWLRQ�� $QWZHUS�� ����G�
��������

6WUHHIODQG��/�������G���6HDUFK�IRU�WKH�URRWV�RI�UDWLR��6RPH�WKRXJKWV�RQ�WKH
ORQJ�WHUP�OHDUQLQJ�SURFHVV��7RZDUGV�����D�WKHRU\����3DUW�,��5HIOHFWLRQV�RQ�D
WHDFKLQJ�H[SHULPHQW��(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������

6WUHHIODQG��/�������F���6HDUFK�IRU�WKH�URRWV�RI�UDWLR��6RPH�WKRXJKWV�RQ�WKH
ORQJ�WHUP�OHDUQLQJ�SURFHVV��7RZDUGV�����D�WKHRU\����3DUW�,,��7KH�2XWOLQH�RI
WKH� ORQJ� WHUP� OHDUQLQJ� SURFHVV��(GXFDWLRQDO� 6WXGLHV� LQ�0DWKHPDWLFV�� ���
������

6WUHHIODQG�� /�� �����E��� 5DWLRQDO� $QDO\VLV� RI� 5HDOLVWLF� 0DWKHPDWLFV
(GXFDWLRQ� DV� D� 7KHRUHWLFDO� � 6RXUFH� IRU� 3V\FKRORJ\�� � )UDFWLRQV� DV� D
3DUDGLJP��(XURSHDQ�-RXUQDO�RI�3V\FKRORJ\�RI�(GXFDWLRQ�������������

6WUHHIODQG�� /�� ����� 5HFRQVWUXFWLYH� /HDUQLQJ�� 3URFHHGLQJV� RI� WKH� ��WK
,QWHUQDWLRQDO� &RQIHUHQFH� IRU� 3V\FKRORJ\� RI� 0DWKHPDWLFV� (GXFDWLRQ�
+XQJDU\��9HV]SUHLQ��YRO��,��SS��������

6WUHHIODQG��/����������6RPH�2EVHUYDWLRQDO�5HVXOWV�&RQFHUQLQJ�7KH�0HQWDO
&RQVWLWXWLRQ� RI� WKH� &RQFHSW� RI� )UDFWLRQ�� (GXFDWLRQDO� 6WXGLHV� LQ
0DWKHPDWLFV�����������������
6WUHHIODQG��/�� ��������+RZ�WR� WHDFK�IUDFWLRQV�VR�DV� WR�EH�XVHIXO��8WUHFKW�
1HWKHUODQGV��2:�	�2&�
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6WUHHIODQG��/����������8QPDVNLQJ�1��GLVWUDFWRUV�DV�D�VRXUFH�RI�IDLOXUHV�LQ
/HDUQLQJ�IUDFWLRQV��3URFHHGLQJV�RI�WKH�(LJKWK�,QWHUQDWLRQDO�&RQIHUHQFH�IRU
3V\FKRORJ\� RI�0DWKHPDWLFV� (GXFDWLRQ�� 6\GQH\��$XVWUDOLD�� ������$XJXVW
������30(��

6WUHHIODQG�� /�� �������� )UHH� SURGXFWLRQ� RI� IUDFWLRQ� PRQRJUDSKV�� ,Q� -�
%HUJHURQ��1��+HUVFRYLFV��	�&��.LHUDQ��(GV����3V\FKRORJ\�RI�0DWKHPDWLFV
(GXFDWLRQ��30(�;,��9RO�����SS������������0RQWUHDO��30(�

6WUHHIODQG�� /�� �������� )UDFWLRQV� LQ� 5HDOLVWLF� 0DWKHPDWLFV� (GXFDWLRQ�� $
SDUDGLJP�RI�GHYHORSPHQWDO�5HVHDUFK��.OXZHU�$FDGHPLF�3XEOLVKHUV�

6WUHHIODQG�� /�� �������� )UDFWLRQV�� DQ� LQWHJUDWHG� SHUVSHFWLYH�� ,Q� /HHQ
6WUHHIODQG��5HDOLVWLF�0DWKHPDWLFV�(GXFDWLRQ� LQ�3ULPDU\� 6FKRRO��8WUHFKW�
������SS����������

6WUHHIODQG��/�� ��������7KH�GHVLJQ�RI� D�PDWKHPDWLFV� FRXUVH��$� WKHRUHWLFDO
UHIOHFWLRQ��(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������������

6XWKHUODQG�� 5��� �������� 7KDW� DUH� WKH� OLQNV� EHWZHHQ� YDULDEOH� LQ� ORJR� DQG
YDULDEOH�LQ�DOJHEUD"�5HFKHUFKHV�HQ�'LGDFWLTXH�GHV�0DWKHPDWLTXHV��YRO����
���SS����������

6X\GDP�� 0�� 1�� 5HYLHZ� RI� UHFHQW� UHVHDUFK� UHODWHG� WR� WKH� FRQFHSWV� RI
IUDFWLRQV� DQG� UDWLR�� ,Q� (�� &RKRUV�� )UHVHQERUJ� 	� :DFKVPXWK� �(GV���
3URFHHGLQJV�RI�WKH�6HFRQG�,QWHUQDWLRQDO�&RQIHUHQFH�IRU�WKH�3V\FKRORJ\�RI
0DWKHPDWLFV�(GXFDWLRQ��2VQDEUXFN��8QLYHUVLW\�RI�2VQDEWXFN��'HSDUWPHQW
RI�0DWKHPDWLFV�������

6X\GDP��0��1���	�'HVVDUW��'�-�� 6NLOO� OHDUQLQJ�� ,Q�5�� -�� 6KXPZD\� �(G���
5HVHDUFK� LQ� PDWKHPDWLFV� HGXFDWLRQ�� 5HVWRQ�� 9$�� 1DWLRQDO� &RXQFLO� RI
7HDFKHUV�RI�0DWKHPDWLYV�������

6ZHQVRQ��(�� -�� ��������7HDFKLQJ� �DULWKPHWLF� WR� FKLOGUHQ��1HZ�<RUN��7KH
0DFPLOODQ�&R�

7KRP��5�� ��������0RGHUQ�0DWKHPDWLFV�� GRHV� LW� H[LVW"� ,Q�$��*��+RZVRQ
�HG����'HYHORSPHQWV�LQ�0DWKHPDWLFV�(GXFDWLRQ��3URFHHGLQJV�RI�WKH�6HFRQG
,QWHUQDWLRQDO�&RQJUHVV�RQ�0DWKHPDWLFDO�(GXFDWLRQ��&DPEULGJH��8QLYHUVLW\
3UHHV��SS����������

7KRPVRQ�� &�� 6��� � 	� 5DWKPHOO�� (�� &�� �������� 1XPEHU� VHQFH�� $ULWKPHWLF
7HDFKHU���������������
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7RPP��.���������-DQXDU\���&RQVFLRXVQHVV�DQG�LQWHQWLRQDO\�LQ�WKH�ZRUN�RI
+XPEHUWR� 0DWXUDQD�� 3DSHU� SUHVHQWHG� DW� WKH� PHHWLQJ� RI� WKH� IDFXOW\� RI
(GXFDWLRQ��8QLYHUVLW\�RI�$OEHUWD��(GPRQWRQ�

7RPSNLQV�� � 3�� �������� 7KH� � VHFUHWV� RI� WKH� JUHDW� S\UDPLGV�� 1HZ� <RUN�
+DUSHU�	�5RZ�

7RPSVRQ�� 3�� �������� ([SHULHQFH�� 3UREOHP� 6ROYLQJ� DQG� /HDUQLQJ
0DWKHPDWLFV��&RQVLGHUDWLRQV�LQ�'HYHORSLQJ�0DWKHPDWLFV�&XUULFXOD��,Q�(�
$�� 6LOYHU�� �(G��� /HDUQLQJ� DQG� 7HDFKLQJ�0DWKHPDWLFDO� 3UREOHP� 6ROYLQJ�
0XOWLSOH�5HVHDUFK�3HUVSHFWLYHV�������������+LOOVGDOH��1�-����/($�

7RQQHVVHQ�� � /��+��� �������� �0HDVXUHPHQW� RI� WKH� OHYHOV� RI� DWWDLQPHQW� E\
FROOHJH� PDWKHPDWLFV� VWXGHQWV� RI� WKH� FRQFHSW� �YDULDEOH��� 'RFWRUDO
'LVVHUWDWLRQ�� 8QLYHUVLW\� RI�:LVFRQVLQ�� 'LVHUWDWLRQ� $EVWUDFWV� ,QW�� ���� ���
����$�

7RXUQLDLUH�� )�� �������� 3URSRUWLRQV� LQ� HOHPHQWDU\� VFKRRO�� (GXFDWLRQDO
6WXGLHV�LQ�0DWKHPDWLFV��������������

7URXWPDQ�� $�� 3��� 	� /LFKWHQEHUJ�� %�� .�� �������� 0$WKHPDWLFV�� $� JRRG
EHJLQQLQJ�� 6WUDWHJLHV� IRU� WHDFKLQJ� FKLOGUHQ� ��KG� HG���� 0RQWHUH\�� &$�
%RRNV�&ROH�

7XUNOH�� 6�� �������� 7KH� 6HFRQG� 6HOI�� &RPSXWHUV� DQG� WKH� +XPDQ� 6SLULW�
*UDQDGD�

7]X�7D��<LX� ��������$� VWXG\�RI� FKLOGUHQ
V� XQGHUVWDQGLQJ�RI� IUDFWLRQ� VL]H
DQG� LWV� UHODWLRQVKLS� WR� SURSRUWLRQDO� UHDVRQLQJ�� 3K�'�� &ROOHJH� RI
(GXFDWLRQ�8QLYHUVLW\�RI�,OOLQRLV�DW�8UEDQD�&KDPSDLJQ�

8QGHUKLOO�� 5�� *�� �������� 7HDFKLQJ� HOHPHQWDU\� VFKRROV� PDWKHPDWLFV�
&ROXPEXV��2+��&KDUOHV�(��0HUULOO�

9DQ�GHQ�%ULQN��-���	�6WUHHIODQG��/����������<RXQJ�FKLOGUHQ�������5DWLR�DQG
3URSRUWLRQ��(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������

9DQ�GHU�0DVW���&����������'HYHORSLQJ�&RXUVHZDUH�DQG�'HYHORSLQJ�+LJKO\
,QWHUDFWLYH� 6RIWZDUH�� � (XULW� ���� $� (XURSHDQ� &RQIHUHQFH� RQ� 7HFKQRORJ\
DQG�(GXFDWLRQ��$SULO��������������+HUQLQJ��'HQPDUN�

9DQFH��-��+�����������2UGHULQJ�GHFLPDOV�DQG�IUDFWLRQV��$�GLDJQRVWLV�VWXG\�
)RFXV�RQ�/HDUQLQJ�3UREOHP�LQ�0DWKHPDWLFV��������������
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9HUJQDXG�� *�� �������� � 0XOWLSOLYDWLYH� 6WUXFWXUHV�� ,Q� 5�� /HVK� 	� /DQGDX
�(GV����$FTXLVLWLRQ�RI�PDWKHPDWLFV� FRQFHSWV�DQG�SURFHVVHV� SS�����������
1HZ�<RUN��$FDGHPLF�

9HUJQDXG��*���	�&RUWH��$��� � �������� ,QWURGXFLQJ�$OJHEUD�WR��/RZ�/HYHO�
�WK�DQG��WK�*UDGHUV��3URFHHGLQJV�RI�WKH�7HQWK�,QWHUQDWLRQDO�&RQIHUHQFH�IRU
WKH�3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ��8QLYHUVLW\�RI�/RQGRQ��,QVWLWXWH
RI�(GXFDWLRQ�

9HUJQDXG�� *��� �������� �&RJQLWLYH� DQG� 'HYHORSPHQWDO� 3V\FKRORJ\� LQ
0DWKHPDWLFV� (GXFDWLRQ�� 6RPH� 7KHRUHWLFDO� DQG� 0HWKRGRORJLFDO� ,VVXHV��
)RU�WKH�/HDUQLQJ�RI�0DWKHPDWLFV��������������

9\JRWVN\�� /�� 6�� �������� 0LQG� LQ� 6RFLHW\�� 7KH� GHYHORSPHQW� RI� KLJKHU
SV\FKRORJLFDO�SURFHVVHV��&DPEULGJH��0$��+DUYDUG�8QLYHUVLW\�3UHVV�

9\JRWVN\��/��6�� ��������7KRXJKW� DQG�/DQJXDJH�� �$��.R]XOLQ��7UDQV�� DQG
(G����&DPEULGJH��0,7�3UHVV���2ULJLQDO�ZRUN�SXEOLVKHG�������

:DFKVPXWK� � ,��������� 6NLOO� $XWRPDWLVLW\� LQ� 0DWKHPDWLFV� ,QVWUXFWLRQ�� $
5HVSRQVH�WR�*DJQB��-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ������
��������

:DFKVPXWK��,���%HKU��0��-���	�3RVW��7��5�������D���&KLOGUHQ
V�SHUFHSWLRQ�RI
IUDFWLRQV�DQG�UDWLRV�LQ�JUDGH����,Q�5��+HUVKNRZLW]��(G����3URFHHGLQJV�RI�WKH
VHYHQWK� ,QWHUQDWLRQDO� &RQIHUHQFH� IRU� WKH� 3V\FKRORJ\� RI� 0DWKHPDWLFV
(GXFDWLRQ��SS������������5HKRYRW��,VUDHO��:HL]PDQQ�LQVWLWXWH�RI�6FLHQFH�
(5,&�'RFXPHQW�5HSURGXFWLRQ�VHUYLFH�1R��('����������

:DFKVPXWK�� ,��� %HKU�� 0�� -��� 	� 3RVW�� 7�� 5�� �����E�� $SULO��� &KLOGUHQ
V
TXDQWLWDWLYH� QRWLRQ� RI� UDWLRQDO� QXPEHU�� 3DSHU� SUHVHQWHG� DW� WKH� DQQXDO
PHHWLQJ� RI� WKH� $PHULFDQ� (GXFDWLRQDO� 5HVHDUFK� $VVRFLDWLRQ�� 0RQWUHDO�
&DQDGD���(5,&�'RFXPHQW�5HSURGXFWLRQ�6HUYLFH�1R��('����������

:DJQHU��6���DQG�5DFKOLQ��6�����������,QYHVWLJDWLQJ�OHDUQLQJ�GLIILFXOWLHV�LQ
DOJHEUD���3URF��RI�WKH��UG��$QQXDO�0HHWLQJ�RI�WKH�1RUWK�$PHULFDQ�&KDSWHU
RI�WKH�30(��0LQQHDSROLV�

:HFNHVVHU�� +�� �������� �'LH� (LQIBKUXQJ� YRQ� %UBFKHQ� PLW� +LOIH� YRQ
0RGHOOHQ���0DWKHPDWLNXQWHUULFKW������������

:LOGHU��5����������(YROXWLRQ�RI�PDWKHPDWLFDO�FRQFHSWV��1HZ�<RUN��:LOH\�
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