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�*HHWKD�5DPHVK HW��DO�

5HFHLYHG�������������
$FFHSWHG�������������

$'9(17�2)�7(&+12/2*<�,1�
7($&+,1*��$1$720<�

*HHWKD�5DPHVK���.DQQDQ�7��$���DQG�
6DELKD�+D\DWK�%DVKD�
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\��
0DGUDV�9HWHULQDU\�&ROOHJH��&KHQQDL���

9HWHULQDU\�$QDWRP\� LV� D�EDVLF� VXEMHFW�
LQ�WKH�VWXG\�RI�9HWHULQDU\�0HGLFLQH�DQG�UHODWHG�
ELRPHGLFDO�VFLHQFHV���7KH�DQDWRP\�ODERUDWRU\��
IRU�H[DPSOH��LV�DQ�LGHDO�HQYLURQPHQW�IRU�JURZLQJ�
DQG� DVVHVVLQJ� HDUO\� VNLOOV� DQG� LQWURGXFHV�
VWXGHQWV� WR� WKH� QHHG� IRU� FRPPXQLFDWLQJ�
HIIHFWLYHO\�ZLWK�HDFK�RWKHU�DQG�WKH�VWDII��7KH�XVH�
RI�SHHU�DVVLVWHG�OHDUQLQJ��WHDP�EDVHG�OHDUQLQJ��
DQG�QHDU�SHHU� WHDFKLQJ�KDYH�EHHQ�VKRZQ�DV�
PHWKRGV� WKDW� FDQ� SURPRWH� GHYHORSPHQW� RI�
FRPPXQLFDWLRQ� VNLOOV� DV�ZHOO� DV� WKH� UHTXLUHG�
DQDWRPLFDO�NQRZOHGJH�DQG�XQGHUVWDQGLQJ

$QDWRP\�HGXFDWLRQ�KDV�EHHQ�SHUVLVWHQWO\�
DQG�LWV�WHDFKLQJ�VWDQGDUGV�LQ�PHGLFDO�VFKRROV��
$IWHU� D� GHFOLQH� IRU�PDQ\� \HDUV�� FRQFHUQ� WKDW�
DQDWRP\�WHDFKLQJ�KDV�IDOOHQ�EHORZ�D�VDIH�OHYHO�
KDV�EHHQ�ORXGO\�HFKRHG�E\�:DUQHU�DQG�5L]]ROR�
�������DQG�7XUQH\��������

DQG� QHZ� GLUHFWLRQV� LQ� YHWHULQDU\� HGXFDWLRQ�
DQDWRP\� LQ� 9HWHULQDU\� FROOHJHV�� ,Q� RUGHU� WR�
XQGHUVWDQG�WKH�SUHVHQW�VLWXDWLRQ��LW�LV�QHFHVVDU\�
WR�PHQWLRQ� VRPH� LPSRUWDQW� IDFWV� WKDW� KDYH�
FKDQJHG� WKH�ZD\� LQ�ZKLFK�DQDWRP\� LV� WDXJKW�
DQG�DOVR�WR�DQDO\]H�WKH�UROH�RI�WKH�GLVVHFWLRQ�
LQ�WKLV�SURFHVV��

³'LVVHFWLRQV�DUH�HVVHQWLDO�DV�WKH\�JLYH�
VWXGHQWV� D� KDQGV�RQ� H[SHULHQFH� RI� OHDUQLQJ�
DQLPDO� DQDWRP\��7KHUH� LV� QR�ZD\�RQH�ZRXOG�
IXOO\�GHVHUYH�D�GHJUHH�LQ�]RRORJ\�ZLWKRXW�HYHU�
WRXFKLQJ� DQ� DQLPDO�´� VD\V� 9DUWLND�0DWKXU��
D� ]RRORJLVW� DW� 6UL� 9HQNDWHVZDUD� &ROOHJH��

8QLYHUVLW\�RI�'HOKL�� ,QGLD� LV� IROORZLQJ�D�JOREDO�
WUHQG�WR�SKDVH�RXW�DQLPDO�GLVVHFWLRQ��RU�WR�PDNH�
LW�YROXQWDU\��GHVSLWH�RSSRVLWLRQ�IURP�VFLHQWLVWV�
ZKR�VD\� WKDW� WKH�H[SHULHQFH� LV� LPSRVVLEOH� WR�
UHSOLFDWH�ZLWK�PRGHOV��3UL\D�������

,QGLD¶V� EDQ� FRPHV�DIWHU� SUHVVXUH� IURP�
DQLPDO�ULJKWV�JURXSV�VXFK�DV� WKH� ,QGLDQ�DUP�RI�
3(7$��3HRSOH�IRU�WKH�(WKLFDO�7UHDWPHQW�RI�$QLPDOV���
EDVHG�LQ�0XPEDL��7KH�QHZ�UXOHV�SURPRWH�WKH�XVH�
RI�SODVWLF�UHSOLFDV�RU�FRPSXWHU�PRGHOV�DQG�DOORZ�
DQLPDO�GLVVHFWLRQ�RQO\�DV�D�ODVW�UHVRUW�
&RPSXWHUL]HG�WHDFKLQJ

7HDFKLQJ� DQDWRP\�ZLWK� FRPSXWHUL]HG�
OHDUQLQJ�SDFNDJHV�ZLOO�KHOS�WKH�VWXGHQWV�WR�NQRZ�
H[DFWO\�ZKDW�WR�H[SHFW�EHIRUHKDQG�DQG�KRZ�WR�
EHVW�VSHQG�OLPLWHG�WLPH�LQ�WKH�GLVVHFWLRQ�URRP�
�&ROOLQV���������7KH�IXWXUH�RI�DQDWRP\�WHDFKLQJ�
PXVW� UHO\�PRUH� RQ� YLVXDO� DLGV� RXWVLGH� WKH�
GLVVHFWLRQ�URRP�DV�VWXGHQWV�ZKR�DFFHVVHG�ZHE�
EDVHG� FRPSXWHU�DLGHG� LQVWUXFWLRQ� UHVRXUFHV�
WKDQ� WKRVH�ZKR� QHYHU� DFFHVVHG� WKH� RQOLQH�

)LJ����0RGHO�VKRZLQJ�LQWHUQDO�RUJDQV�LQ�GRJ�
�&RXUWVH\��RSHQVRXUFH�ZGND�QO�

���3URIHVVRU
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� $GYHQW�RI�7HFKQRORJ\�LQ�7HDFKLQJ��$QDWRP\���

FRQWHQW��0F�1XOW\�HW�DO����������:HOO�GHVLJQHG�
HGXFDWLRQDO� VRIWZDUH� FDQ� HQFRXUDJH� D� KLJK�
FRQFHSWXDO� OHYHO� RI� XQGHUVWDQGLQJ�DV�ZHOO� DV�
EHLQJ� DGGUHVVHG�� ,Q� D� YLUWXDO� GLVVHFWLRQ� RI�
DQDWRP\�SURJUDP��VWXGHQWV�FDQ�SHUIRUP�WDVNV�
DW� WKHLU� RZQ� SDFH�� UHSHDWLQJ� DV� QHFHVVDU\�
�0DUWLQVRQ�DQG�-XNHV���������

2QH�DQDWRP\�SURJUDP�WKDW�XVHV�PRGHUQ�
WHFKQRORJ\� YHU\� VXFFHVVIXOO\� WR� HQKDQFH�
OHDUQLQJ� LV�3UR'LVVHFWRU�)URJ��6FKQHLGHU�DQG�
0RUVH���������7KLV� LQQRYDWLYH�SURJUDP�RIIHUV�
WKH�FDSDELOLW\�RI�FRQWUROOLQJ�WKH�RSDFLW\�RI�RUJDQ�
V\VWHPV�ZLWKLQ�D�FRPSRVLWH�OD\HUHG�LPDJH�VR�
WKDW�WKHLU�VSDWLDO�UHODWLRQVKLS�FDQ�EH�HIIHFWLYHO\�
YLVXDOL]HG��

$�PXOWLPHGLD� &'�URP� RQ� ³5HJLRQDO�
'LVVHFWLRQ� RI� 2[´� KDV� EHHQ� GHYHORSHG� LQ�
7DPLOQDGX� 9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV�
8QLYHUVLW\�ZLWK�KLJK�TXDOLW\�YLGHRJUDSKV�DQG�ZLWK�
DQ�DXGLR�RQ�OLYH�GLVVHFWLRQ�SURFHGXUH�FDSWXUHG�
UHJLRQ�ZLVH��5DGLRJUDSKLF�� DUWKURORJ\� LPDJHV�
DQG� D� VHOI�DVVHVVPHQW� TXL]� DUH� WKH� DGGHG�
IHDWXUHV�RI�WKH�&'��*HHWKD�HW��DO��������
0RGHOV�DQG�0DQQHTXLQV

7KHVH�DOWHUQDWLYHV� FRPSULVH� V\QWKHWLF�
WUDLQLQJ� REMHFWV²GHVLJQHG� WR� UHSOLFDWH� RU�
VLPXODWH�RUJDQV�� OLPEV��RU�ZKROH�DQLPDOV�DQG�
DSSDUDWXV�IRU�VLPXODWLQJ�SK\VLRORJLFDO�IXQFWLRQV�
DQG� IRU� WKH� WHDFKLQJ� RI� FOLQLFDO� VNLOOV� �)LJ�����
3ODVWLF� PRGHOV� VKRZLQJ� DQLPDOV¶� LQWHUQDO�
VWUXFWXUH� DUH� FRPPRQO\� XVHG� IRU� WHDFKLQJ�
PRUSKRORJ\��0DUWLQVRQ�DQG�-XNHV�������

0DQQHTXLQV� �RU� SKDQWRPV�� DUH� OLIH�
SURFHGXUHV�VXFK�DV�WKH�XULQDU\�FDWKHWHUL]DWLRQ�RI�
IHPDOH�GRJV��DQDWRPLFDOO\�FRUUHFW�PDQQHTXLQV�
FDQ�DOORZ�WKH�VWXGHQW�WR�IROORZ�WKH�YLVXDO�DQG�
WDFWLOH�FOXHV�IRU�WKH�WHFKQLTXH�

+RZHYHU��D�VLPSOH�FRPSDULVRQ�EHWZHHQ�
WKH�DQLPDO�SUDFWLFDO�DQG�WKH�DOWHUQDWLYH� LV�QRW�
DQG�LPSDFW�RI�DOWHUQDWLYHV��$OO�FXUULFXODU�GHVLJQ�
LQYROYHV� FRPELQLQJ� WRROV� IURP�PDQ\�GLIIHUHQW�
VRXUFHV��DQG�DOWHUQDWLYHV�ZLOO�DOPRVW�DOZD\V�EH�
XVHG�LQ�FRPELQDWLRQ�WR�PHHW�WHDFKLQJ�REMHFWLYHV�
DQG� WR� DFKLHYH� D� FRPSUHKHQVLYH� OHDUQLQJ�
H[SHULHQFH��

$�UDQJH�RI�UHSRUWV�KDV�VXJJHVWHG�WKDW�WKH�
WHFKQLTXHV�GHVFULEHG�LQ�WKLV�SDSHU�SURYLGH�IRU�
JRRG�HGXFDWLRQ�DQG��DV�UHSRUWHG�E\�%DOFRPEH�
������� RYHU� ��� VWXGLHV� KDYH� VKRZQ� WKDW� WKH�
DOWHUQDWLYHV�DUH�IRXQG�WR�EH�HTXDO�RU�VXSHULRU�
FRQYHQWLRQDO�DQLPDO�SUDFWLFDOV�
0HGLFDO�,PDJLQJ

,PDJLQJ� KDV� EHFRPH�PRUH� LPSRUWDQW�
GLDJQRVWLFDOO\�DQG�LQ�WHDFKLQJ�DQDWRP\��ZKLFK�
KDV�FUHDWHG�D�QHHG�IRU�QHZ�H[SHUWLVH�WR�LQWHUSUHW�
UDGLRJUDSK\�>KHOSHG�ZLWK�FOD\�PRGHOV��������2K�HW�
DO��������@��XOWUDVRXQG��PHWDEROLF�LPDJLQJ��DQG�
PXOWLSODQDU� �YLUWXDO� �'�� FRQVWUXFWLRQV� �'DOOH\��
�����DQG�0LOHV��������VXFK�DV�KLJK�UHVROXWLRQ�
&7�FDGDYHULF�VFDQV��'XURVDUR�HW�DO���������
9LUWXDO�6LPXODWLRQ

6LQFH� OHDUQLQJ� LV� FRUUHODWHG� WR� OHYHO� RI�
LQYROYHPHQW� �%HUJPDQ�HW�DO���������� LQWHUDFWLYH�
DQG�SUREOHP�RULHQWDWHG�OHDUQLQJ�DGGV�LQWHUHVW�DQG�
DLGV�LQ�ORQJ�WHUP�UHWHQWLRQ�RI�NQRZOHGJH�WR�LGHQWLI\�
FOLQLFDOO\�UHOHYDQW�DQDWRPLFDO�VWUXFWXUHV��%RRQ�HW�
DO�������D��0LOHV�������DQG�7XUQH\��������

)LUVW�\HDU� VWXGHQWV� DW� WKH� 5R\DO�
9HWHULQDU\�&ROOHJH��8QLYHUVLW\�RI�/RQGRQ��ZHUH�
WDXJKW�WR�DSSUHFLDWH�ERYLQH�DEGRPLQDO�DQDWRP\�

)LJ�����³7KH�+DSWLF�FRZ´� �&RXUWVH\��ZZZ�ZLUHG�FRP�

)LJ�� ��� %RG\� SDLQWLQJ� WR� VKRZ� VNHOHWRQ� RI� KRUVH�
�&RXUWVH\��ZZZ�SLQWHUHVW�FRP�
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�*HHWKD�5DPHVK HW��DO�

XVLQJ�D�UHFWDO�SDOSDWLRQ�VLPXODWRU��µµ7KH�+DSWLF�
&RZ�¶¶� ZKLFK� SURYLGHG� �'� YLVXDOL]DWLRQ� DQG�
OLIH�OLNH� IHHO�RI� LQWHUQDO�DQDWRP\� �)LJ������2QH�
KXQGUHG�HLJKW\�IRXU�VWXGHQWV�SURYLGHG�SRVLWLYH�
IHHGEDFN� YLD� D� TXHVWLRQQDLUH� DQG� DSSURYHG�
WKH�+DSWLF�&RZ�VLPXODWRU¶V�HQJDJLQJ�OHDUQLQJ�
WHFKQLTXH�ZLWKRXW� WKH� QHHG� WR� XVH� FDGDYHUV�
�.LQQLVRQ�HW�DO���������
%RG\�3DLQWLQJ

6RPH�8QLYHUVLWLHV� RIIHU� VWXGHQWV� WLPH�
WR�SXUVXH�SDVVLRQV�RXWVLGH�WKH�FRUH�FXUULFXOXP�
OLNH�DUWV��KXPDQLWLHV��DQG�OLIH�GUDZLQJ�FODVVHV�
WKDW� FDQ� FRPSHO� WKH�PLQG� WR� EHWWHU� HVWDEOLVK�
DQDWRPLFDO�UHODWLRQVKLSV�DQG�UHLQIRUFH�KXPDQH�
LVVXHV� �3KLOOLSV� DQG� %HUJH�� ����� DQG� 0F�
/DFKODQ�� �������+RZHYHU�� ERG\� SDLQWLQJ� KDV�
EHHQ�DQ�DGGLWLRQDO�YLVXDO�DLG�LQ�VXUIDFH�DQDWRP\�
FODVVHV��)LJ�����IRU�UHYLHZLQJ�XQGHUO\LQJ�V\VWHPV�
LQ�ZKLFK�TXHVWLRQQDLUH�VWXGLHV�LQGLFDWH�WKDW�WKLV�
WHFKQLTXH� KDV� EHHQ� DFFHSWHG� WR� HQKDQFH�
OHDUQLQJ�E\�VWDII�DQG�VWXGHQWV��2S�'HQ�$NNHU�
HW�DO���������0F�0HQDPLQ�������DQG��)LQQ�DQG�
0F/DFKODQ��������

,W�LV�FOHDU�WKDW�DV�DQDWRPLVWV��ZH�VKRXOG�
DGMXVW�RXU�FRXUVHV�WR� LQFRUSRUDWH� WKH�PRGHUQ�
WHFKQRORJLHV� DQG� FRPPXQLFDWLRQ� VNLOOV� LQ�
WHDFKLQJ�DQDWRP\�
5HIHUHQFHV
%DOFRPEH��-��������$VVHVVPHQW�RI�DOWHUQDWLYHV�

LQ�HGXFDWLRQ��,Q�-XNHV�1��&KLXLD�0��HGV���������
)URP� *XLQHD� 3LJ� WR� &RPSXWHU� 0RXVH��

$OWHUQDWLYH�0HWKRGV�IRU�D�3URJUHVVLYH��
+XPDQH�(GXFDWLRQ���QG�HG��/HLFHVWHU��
8.��,QWHU1,&+(��SS��������

%HUJPDQ��(�0���3ULQFH��.�-�$�+���'UXNNHU��-���
YDQ�GHU�9OHXWHQ��&�3�0�DQG�6FKHUSELHU�

$�-�-�$��������+RZ�PXFK�DQDWRP\�LV�HQRXJK"�
$QDW��6FL��(GX� �����±����

%RRQ�� -��0���0HLULQJ�� -�+�DQG�5LFKDUGV��3�$��
������&OLQLFDO� DQDWRP\� DV� WKH� EDVLV�
IRU�FOLQLFDO�H[DPLQDWLRQ��'HYHORSPHQW�
DQG� HYDOXDWLRQ� RI� DQ� LQWURGXFWLRQ� WR�
FOLQLFDO� H[DPLQDWLRQ� LQ� D� SUREOHP�
RULHQWHG�PHGLFDO�FXUULFXOXP��&OLQ��$QDW�
�����±���

&ROOLQV�� -�� 3�� �����0RGHUQ� DSSURDFKHV� WR�
WHDFKLQJ� DQG� OHDUQLQJ� DQDWRP\��
%0-��������������

'DOOH\���$�)��������7KH�$PHULFDQ�$VVRFLDWLRQ�RI�
&OLQLFDO�$QDWRPLVWV��$$&$��7KH�RWKHU�

$PHULFDQ�$QDWRP\� DVVRFLDWLRQ��$QDW�� 5HF�
�������±����

'XURVDUR��2��� /DFKPDQ��1� DQG�3DZOLQD��:��
������8VH�RI�NQRZOHGJH�VKDULQJ�ZHE�
EDVHG�

SRUWDO�LQ�JURVV�DQG�PLFURVFRSLF�DQDWRP\��$QQ��
$FDG��0HG��6LQJDSRUH��������±�����

)LQQ�� *�0� DQG� 0F/DFKODQ�� -�� &�� ������$�
TXDOLWDWLYH�VWXG\�RI�VWXGHQW�UHVSRQVHV�
WR� ERG\� SDLQWLQJ��$QDW�� 6FL�� (GXF��
����±���

*HHWKD��5���.DQQDQ�7�$�DQG�6DELKD��+�%��������
&'�±�URP�RQ�UHJLRQDO�GLVVHFWLRQ�RI�R[���
7$189$6��&KHQQDL��

.LQQLVRQ�� 7��� )RUUHVW�� 1�'��� )UHDQ�� 6�3� DQG�
%DLOOLH�� 6�� ������ 7HDFKLQJ� ERYLQH�
DEGRPLQDO�

DQDWRP\��8VH�RI�D�KDSWLF�VLPXODWRU��$QDW��6FL��
(GXF� �����±����

0DUWLQVHQ��6��DQG�-XNHV��1�������7RZDUGV�D�
KXPDQH�YHWHULQDU\�HGXFDWLRQ��-��9HW��
0HG�(GXF�������������

0F/DFKODQ��-��&��������1HZ�SDWK�IRU�WHDFKLQJ�
DQDWRP\��/LYLQJ�DQDWRP\�DQG�PHGLFDO�
LPDJLQJ� YV� GLVVHFWLRQ��$QDW�� 5HF�
�����±��

0F0HQDPLQ��3��*��������%RG\�SDLQWLQJ�DV�D�WRRO�
LQ�FOLQLFDO�DQDWRP\�WHDFKLQJ��$QDW��6FL��
(GXF� �����±����

0F1XOW\��-�$���6RQQWDJ��%�DQG��6LQDFRUH��-�0��
������ (YDOXDWLRQ� RI� FRPSXWHU�DLGHG�
LQVWUXFWLRQ�LQ�D�JURVV�DQDWRP\�FRXUVH��
$�VL[�\HDU�VWXG\��$QDW��6FL��(GXF� ���±���

0LOHV�� .�$�� ������ 'LDJQRVWLF� LPDJLQJ� LQ�
XQGHUJUDGXDWH�PHGLFDO�HGXFDWLRQ��$Q�
H[SDQGLQJ�UROH��&OLQ��5DGLRO� ������±
����

2K��&�6���.LP��-�<���&KRH��<�+��������/HDUQLQJ�
RI�FURVV�VHFWLRQDO�DQDWRP\�XVLQJ�FOD\�
PRGHOV��$QDW��6FL��(GXF�������±����

2S�'HQ�$NNHU��-�:���%RKQHQ��$���2XGHJHHVW��
:�-�DQG�+LOOHQ��%��������*LYLQJ�FRORU�
WR�D�QHZ�FXUULFXOXP��ERG\�SDLQW�DV�D�
WRRO� LQ�PHGLFDO�HGXFDWLRQ��&OLQ��$QDW��
������±����
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� $GYHQW�RI�7HFKQRORJ\�LQ�7HDFKLQJ��$QDWRP\���

3KLOOLSV��-�DQG�%HUJH���=��/��������6HFRQG�OLIH�
IRU� GHQWDO� HGXFDWLRQ�� -�� 'HQW� (GXF�
��������±�������

6FKQHLGHU�� 5�(� DQG�0RUVH�� '�(�������� &'�
URP��3URGLVVHFWRU�IURJ��6FKQHLGHU�DQG�
0RUVH�*URXS�3URGXFWLRQ��86$���

6KHWW\�� 3�� ������ � ,QGLD� WR� FXW� RXW� DQLPDO�
GLVVHFWLRQ��1DWXUH�1HZV��GRL������������
QDWXUH�����������

7XUQH\�� %�:�� ������$QDWRP\� LQ� D�PRGHUQ�
PHGLFDO�FXUULFXOXP��$QQ��5��&ROO��6XUJ��
(QJO��������±����

:DUQHU� � -� � +� DQG� 5L]]ROR� � /�-� � ������
$QDWRPLFDO�LQVWUXFWLRQ�DQG�WUDLQLQJ�IRU�
SURIHVVLRQDOLVP� IURP� WKH� ��WK� WR� WKH�
��VW�FHQWXULHV��&OLQ��$QDW��������±����


