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'DYLG�+��5XVVHOO�

3LRQHHUV� LQ� 5HDGLQJ� ,,�� $UWKXU� ,UYLQJ� *DWHV�

$UWKXU�,��*DWHV�KDV�DOZD\V�EHHQ�LQWHUHVWHG�
LQ�WKH�IDFWV�RI�KXPDQ�EHKDYLRU��:KHQ�KH�ZDV�
D�JUDGXDWH�VWXGHQW�DW�WKH�8QLYHUVLW\�RI�&DOL��
IRUQLD�LQ���������KLV�GHVLUH�WR�JHW�DW�WKH�WUXWK�
FDXVHG�DQ�DGYHQWXUH�LQ�H[SRVXUH�RI�IDNH�SV\��
FKRORJ\��$�IDPRXV�PDJLF�DQG��PLQG�UHDGLQJ��
DFW�RI�WKH�WLPH�ZDV�SOD\LQJ�DW�D�QHDUE\�WKHDWHU��
)LUVW�$UWKXU�*DWHV� DQG�WZR�RWKHU�VWXGHQWV�
YLVLWHG�WKH�SHUIRUPDQFH�DQG�WRRN�FRPSOHWH�
QRWHV��'LDJQRVLV�DQG�FDUHIXO�SODQQLQJ�HQVXHG��
6KRUWO\�DIWHU��KH� DQG�WKH�
RWKHU�PHPEHUV�RI�/DPEGD�
FKDSWHU�RI�3KL�'HOWD�.DSSD�
DJDLQ�YLVLWHG�WKH�SHUIRU��
PDQFH��7KH�VWXGHQWV�RI�WKH�
HGXFDWLRQDO�IUDWHUQLW\�GLVWUL��
EXWHG�WKHPVHOYHV�WKURXJK��
RXW�WKH�DXGLHQFH�DQG�WRRN�
WXUQV�MXPSLQJ�XS�WR�H[SRVH�
HDFK�WULFN�DV� LW�ZDV�SHU��
IRUPHG��7KH�PDJLFLDQ�JUHZ�
PRUH�XSVHW��,Q� ILQDO�GHV��
SHUDWLRQ�KH�VKRXWHG��VPDUW�
GHFNV��DW�KLV�WRUPHQWRUV���
EXW�WKH�WUXWK�DERXW�WKH�
�PDJLF��ZDV�GHPRQVWUDWHG��

7KH� GHVLUH�WR� JHW� DW�
WKH�IDFWV�KDV�FKDUDFWHUL]HG�
PRVW�RI� $UWKXU� *DWHV
�
SURIHVVLRQDO�ZRUN��D� FDUHHU�
PDUNHG�E\�ZLGH�UDQJLQJ�LQWHUHVWV�DQG�WUHPHQ��
GRXV�SURGXFWLYLW\�LQ�JHQHUDO�SV\FKRORJ\�DQG�
HGXFDWLRQDO�SV\FKRORJ\�DV�ZHOO�DV�LQ�VWXG\�RI�
UHDGLQJ�SUREOHPV��7KLV�KLVWRU\�KDG�LWV�EHJLQ��
QLQJV�LQ�WKH�SXEOLF�VFKRROV�RI�&DOLIRUQLD��FRQ��
WLQXHG�ZLWK�XQGHUJUDGXDWH�ZRUN�DW�WKH�8QL��
YHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��DQ�0��$��GHJUHH�
IURP�WKH�VDPH�LQVWLWXWLRQ�LQ�������DQG�D�3K�'��
IURP�&ROXPELD�8QLYHUVLW\�LQ�������)URP�WKDW�
GDWH�3URIHVVRU�*DWHV�KDV�EHHQ�DFWLYHO\�DVVR��
FLDWHG�ZLWK�7HDFKHUV�&ROOHJH��&ROXPELD��LQ�WKH�
GLIIHUHQW�DFDGHPLF�UDQNV�DQG�LQ�YDULRXV�DGPLQ��

$UWKXU�,UYLQJ�*DWHV�

LVWUDWLYH�SRVWV�FXOPLQDWLQJ�LQ�WKH�GLUHFWRUVKLS�
RI�WKH�'LYLVLRQ�RI�)RXQGDWLRQV�RI�(GXFDWLRQ�
LQ�WKH�&ROOHJH��$W�SUHVHQW�KH�LV�6XSHUYLVRU�RI�
5HVHDUFK�RI�WKH�7HDFKHUV�&ROOHJH�,QVWLWXWH�RI�
/DQJXDJH�$UWV��2XWVLGH�WKH�FROOHJH�KH�KDV�EHHQ�
DFWLYH�LQ�PDQ\�SURIHVVLRQDO�RUJDQL]DWLRQV�DQG�
KDV�EHHQ�SUHVLGHQW�RU�FKDLUPDQ�RI�VXFK�JURXSV�
DV�GLH�$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVR��
FLDWLRQ��6HFWLRQ�4�RI�WKH�$PHULFDQ�$VVRFLDWLRQ�
IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH��DQG�WKH�GL��

YLVLRQ�RI�HGXFDWLRQDO�SV\��
FKRORJ\�RI�WKH�$PHULFDQ�
3V\FKRORJLFDO�$VVRFLDWLRQ��

'XULQJ�WKH�IRUW\�\HDUV�
RI�KLV�SURIHVVLRQDO�FDUHHU�
*DWHV
�RXWSXW�RI�UHVHDUFK�
DQG�ZULWLQJ�KDV�EHHQ�HQRU��
PRXV��ZLWK� DERXW� WZR�
KXQGUHG�WLWOHV�WR�ELV�FUHGLW�
LQ�ERRNV��DUWLFOHV��\HDUERRN�
FKDSWHUV��DQG�RWKHU�SXEOLFD��
WLRQV��7KHVH�LQFOXGH�PDQ\�
FRQWULEXWLRQV�LQ� JHQHUDO�
SV\FKRORJ\�VXFK�DV� HDUO\�
PRQRJUDSKV�RQ�PHPRU\��RQ�
YDULDWLRQV�LQ�HIILFLHQF\�DQG�
RQ�GLIIHUHQW�SKDVHV�RI�OHDUQ��
LQJ��,Q��HGXFDWLRQDO� SV\��
FKRORJ\�KLV�ERRNV�LQFOXGH�
3V\FKRORJ\�IRU�6WXGHQWV�RI�

(GXFDWLRQ��)LUVW�SXEOLVKHG�LQ��������(OHPHQ��
WDU\�3V\FKRORJ\�������� DQG�(GXFDWLRQDO�3V\��
FKRORJ\��ZLWK�-HUVLOG��0F&RQQHOO��&KDOOPDQ��
������� ERRNV�LQ�ZKLFK�PDQ\�RI�WKH�WHDFKHUV�
RI�$PHULFD�ILUVW�EHFDPH�DFTXDLQWHG� ZLWK�
HGXFDWLRQDO�SV\FKRORJ\��

,Q�WKH�ILHOG�RI�UHDGLQJ�LQVWUXFWLRQ�*DWHV
�
RULJLQDO�UHVHDUFKHV�DQG�ZLGH�UDQJLQJ�ZULWLQJV�
KDYH�PDGH�KLP�RQH�RI�WKH�PRVW�LQIOXHQWLDO�

'U��5XVVHOO�LV�3URIHVVRU�RI�(GXFDWLRQ�DW�WKH�
8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��

����
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���� (OHPHQWDU\� (QJOLVK�

ILJXUHV�LQ�WKH�8QLWHG�6WDWHV�DQG�WKURXJKRXW�
WKH�ZRUOG��,Q������KLV�ERRN�RQ�WKH�3V\FKRORJ\�
RI�'LVDELOLW\�LQ�5HDGLQJ�DQG�6SHOOLQJ�IRUH��
VKDGRZHG�D�ORQJ�VHULHV�RI�UHVHDUFK�VWXGLHV�E\�
KLPVHOI�DQG�YDULRXV�VWXGHQWV�LQ�GLDJQRVWLF�DQG�
UHPHGLDO�ZRUN�DQG�KLV�ODWHU�,PSURYHPHQW�RI�
5HDGLQJ�ILUVW�SXEOLVKHG�LQ������LV�D�VWDQGDUG�
UHIHUHQFH�LQ�WKLV�ILHOG��2WKHU�HDUO\�ERRNV�ZHUH�
1HZ�0HWKRGV�LQ�3ULPDU\�5HDGLQJ��������DQG�
,QWHUHVW�DQG�$ELOLW\�LQ�5HDGLQJ��� ������1HZ�
0HWKRGV�LQ� 3ULPDU\�5HDGLQJ�UDLVHG�PDQ\�
TXHVWLRQV�DERXW�FHUWDLQ�H[FHVVHV�LQ�WKH�SKRQHWLF�
DSSURDFK�WR�WKH�WHDFKLQJ�RI�UHDGLQJ�DQG�VXE��
VWLWXWHG�ZKDW�*DWHV�ILUVW�FDOOHG�DQ��LQWULQVLF��
PHWKRG�ZLWK�HPSKDVLV�XSRQ�YLVXDO�WHFKQLTXHV�
DQG�JHWWLQJ�WKH�PHDQLQJ�RI�PDWHULDO�UHDG��+LV�
PHWKRG��ZLWK�VRPH�ODWHU�YDULDWLRQV��KDV�EHFRPH�
VWDQGDUG�SUDFWLFH�LQ�PRVW�$PHULFDQ�VFKRROV��
7KH�VHFRQG�ERRN�UHSRUWHG�D�VFRUH�RI�H[SHUL��
PHQWDO�VWXGLHV�GHDOLQJ�ZLWK�UHDGLQJ�LQWHUHVWV�
DQG� PDWHULDOV�IROORZHG�E\� LOOXVWUDWLRQV�RI�
SURFHGXUHV�LQ�WKH�SULPDU\�JUDGHV��7KLV�ERRN�
LQFOXGHG�SLRQHHU�VWXGLHV�LQ�YRFDEXODU\�FRQWURO�
ZKLFK�DOVR�LQIOXHQFHG�PRVW�VXEVHTXHQW�SUDFWLFH�
LQ�WKH�SUHSDUDWLRQ�DQG�XVH�RI�UHDGLQJ�PDWHULDOV��
,W�LV�QR�H[DJJHUDWLRQ�WR�VD\�WKDW�WKHVH�ERRNV�
ODUJHO\�FKDQJHG�UHDGLQJ�IURP�DQ�LVRODWHG�DQG�
PHFKDQLFDO�H[HUFLVH�WR�D�VHULHV�RI�FRQVHFXWLYH��
PHDQLQJIXO��DQG�]HVWIXO�DFWLYLWLHV�IRU�$PHULFDQ�
FKLOGUHQ��7KHLU�LQIOXHQFH�KDV�EHHQ�EROVWHUHG�
E\�VFRUHV�RI�*DWHV
�UHVHDUFK�DUWLFOHV�LQ�SURIHV��
VLRQDO�MRXUQDOV��E\�SUDFWLFDO�DSSOLFDWLRQ�RI�WKLV�
UHVHDUFK�LQ�D�VHULHV�RI�EDVLF�UHDGHUV�SXEOLVKHG�
E\�0DFPLOODQ�&RPSDQ\��DQG�E\�D� JURXS�RI�
ZHOO�NQRZQ�UHDGLQJ�WHVWV�SXEOLVKHG�E\�WKH�
%XUHDX�RI�3XEOLFDWLRQV��7HDFKHUV�&ROOHJH��

,Q�ORRNLQJ�DW�WKH�*DWHV�SXEOLFDWLRQV�RQH�
LV�LPSUHVVHG�E\�WKH�UDQJH�DQG�E\�WKH�FUXFLDOLW\�
RI�WKH�UHVHDUFK�VWXGLHV� DQG�PRUH�JHQHUDO�
SDSHUV��7KH�FLWLHV�YDU\�IURP��7KH�$ELOLWLHV�RI�
DQ�([SHUW�0DUNVPDQ�7HVWHG�LQ�D�3V\FKRORJ��
LFDO�/DERUDWRU\��WR� �7KH� :RUN�%RRN�LQ�
3UDFWLFH���$� IHZ�VDPSOHV�RI�GHFLVLYH�LQYHVWL��
JDWLRQV�LQ�DGGLWLRQ�WR�WKH�ERRNV�PHQWLRQHG�
DERYH� DUH� �$� 0RGHUQ�6\VWHPDWLF�YV� DQ�

2SSRUWXQLVWLF�0HWKRG�RI�7HDFKLQJ���ZKLFK�
OD\V�D�SV\FKRORJLFDO�EDVH�IRU�SODQQLQJ�LQ�WHDFK��
LQJ��0HWKRGV�RI�'HWHUPLQLQJ�5HDGLQJ�5HDG��
LQHVV��WKH�PRVW�FRPSOHWH�DQDO\VLV�RI�PHDVXUHV�
RI�UHDGLQJ�UHDGLQHVV�LQ�SULQW���$Q�([SHULPHQWDO�
&RPSDULVRQ�RI�WKH�6WXG\�WHVW�DQG�7HVW�VWXG\�
0HWKRGV�LQ�6SHOOLQJ��ZKLFK�SURYLGHV�D�EDVLV�
IRU�D�ZKROH�SDWWHUQ�RI�VSHOOLQJ�LQVWUXFWLRQ��DQG�
�5ROH�RI�3HUVRQDOLW\�0DODGMXVWPHQW�LQ�5HDG��
LQJ�'LVDELOLW\��D�SLRQHHU�VWXG\�RI�WKH�VXEWOH�
LQWHUFRQQHFWLRQV�RI� UHDGLQJ�DQG� HPRWLRQV��
%UHDGWK�RI�UHVHDUFK�LQWHUHVWV�LV�IXUWKHU�LOOXV��
WUDWHG�LQ�VXFK�SXEOLFDWLRQV�DV�D� �����DUWLFOH�
RQ��0HWKRGV�DQG�7KHRULHV�RI�7HDFKLQJ�WKH�
'HDI�WR�5HDG��DQG�D������DUWLFOH�RQ��7HDFKLQJ�
5HDGLQJ�WR�6ORZ�/HDUQLQJ�RU�
'XOO�1RUPDO��
3XSLOV���$QG�WKHVH�DUH�RQO\�D�VDPSOH��

7KH�HIIHFWV�RI�*DWHV
�ZRUN�DUH�GLIILFXOW�WR�
HVWLPDWH�EHFDXVH�WKH\�DUH�VWLOO�LQ�SURFHVV��7KH�
ZLGHVSUHDG�DQG� GHFLVLYH�LQIOXHQFH�RI� KLV�
VWXGLHV�LQ�UHDGLQJ�LQ�WKH�����V�DQG�����V�
KDV�EHHQ�PHQWLRQHG��+H�KLPVHOI�ZDV�LQIOXHQFHG�
E\�&DWWHOO��E\�7KRUQGLNH�DQG�E\�:RRGZRUWK�
LQ�KLV�SV\FKRORJLFDO�LGHDV�DQG�WKHVH�FRQFHSWV�
LQ�WXUQ�PD\�SURYH�WR�EH�WKH�IDFWV�DQG�SULQ��
FLSOHV�LQ�HGXFDWLRQDO�SV\FKRORJ\�ZKLFK�PRVW�
DIIHFW�VFKRRO�SUDFWLFH��+LV�UHVHDUFKHV��QRW�RQO\�
LQ� UHDGLQJ�EXW� LQ� VSHOOLQJ��KDQGZULWLQJ��
YRFDEXODU\�DQG� ZLWK�KDQGLFDSSHG�FKLOGUHQ�
KDYH�PDQ\�LPSOLFDWLRQV�IRU�WHDFKLQJ�PHWKRGV��
VRPH�RI�ZKLFK�DUH�VWLOO�EHLQJ�ZRUNHG�RXW�E\�
WHDFKHUV�DQG�VFKRRO�SV\FKRORJLVWV��

5HSRUWV�RI�SXEOLFDWLRQV�DUH�D�FROG�YLHZ�RI�
D� KXPDQH�DQG�GLYHUVLILHG�VFKRODU��7KH� OLIH�
RI�$UWKXU�,��*DWHV�LV�FKDUDFWHUL]HG�E\�ZDUP�
IDPLO\�UHODWLRQVKLSV��D�ZLGH�FLUFOH�RI�IULHQG��
VKLSV��KDSS\�UHODWLRQV�ZLWK�FROOHDJXHV��DQG�
JHQHURVLW\�WR�VWXGHQWV�LQ�SHUVRQDO�LQWHUHVW�DQG�
LQ�FRQWLQXLQJ�HIIRUWV�LQ� WKHLU�EHKDOI��+LV�
LQIOXHQFH�RQ�UHDGLQJ�LQVWUXFWLRQ�KDV�EHHQ�GXH�
QRW�RQO\�WR�KLV�UHVHDUFK��KLV�FULWLFDO�DSSUDLVDOV�
RI�SUDFWLFH��DQG�KLV�RWKHU�ZULWLQJ��EXW�WR�KLV�
LPSDFW�DV�D�SHUVRQ�RQ�WKRXVDQGV�RI�FROOHDJXHV�
DQG�VWXGHQWV�ZKR�WUDQVPLW�KLV�LGHDV�LQ�PRVW�
SDUWV�RI�WKH�ZRUOG��

This content downloaded from 131.156.157.31 on Sun, 11 Oct 2015 15:51:57 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

