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�
ABSTRACT 
�
0XOWLGLVFLSOLQDU\�(QJLQHHULQJ�(GXFDWLRQ��0((��LV�D�VSHFLDOLVW�GHSDUWPHQW�DW�WKH�8QLYHUVLW\�RI�
6KHIILHOG��GHGLFDWHG�WR�WKH�SUDFWLFDO�WHDFKLQJ�RI�DOO�WKH�8QLYHUVLW\
V�HQJLQHHULQJ�VWXGHQWV��7R�
SURYLGH�VWXGHQWV�D�KDQGV�RQ�H[SHULHQFH��0((�KDV�D�XQLTXH�EXLOGLQJ� �WKH�'LDPRQG��ZKLFK�
LQFOXGHV����ODERUDWRULHV�RIIHULQJ�D�VSHFWUXP�RI�ODE�DFWLYLWLHV�WR�DSSUR[LPDWHO\������VWXGHQWV��
6WXGHQWV�DUULYH�DW�WKH�8QLYHUVLW\�IURP�D�YDULHW\�RI�GLIIHUHQW�EDFNJURXQGV��7R�HQVXUH�WKH\�VWDUW�
WKHLU� H[SHULPHQWDO� DFWLYLWLHV� ZLWK� DQ� HTXDO� XQGHUVWDQGLQJ�� ZH� SURYLGH� GLIIHUHQW� �'LDPRQG�
,QGXFWLRQ�/DEV´��'XULQJ�WKH�ILUVW�WZR�ZHHNV�RI�WKH�ILUVW�VHPHVWHU��WKH�VWXGHQWV�OHDUQ�KRZ�WR�XVH�
KDQG�WRROV��KRZ�WR�VROGHU��XQGHUVWDQGLQJ�KRZ�WR�LQWHUSUHW�GDWD�DQG�PDQDJH�XQFHUWDLQW\�DQG�
KRZ� WR� GR� LW� VDIHO\�� 7KUHH� NH\�DVSHFWV� RI� WKLV� GHOLYHU\�PHWKRG�DUH� FRQVLGHUHG��)LUVWO\�� WKH�
SULQFLSOHV�RI�ODERUDWRU\�SUDFWLFHV�DUH�WUDQVIHUDEOH�WR�DQ\�HQJLQHHULQJ�GLVFLSOH��7KLV�OHDGV�WR�WKH�
VHFRQG��ZKLFK�LV�WKDW�WKLV�GHOLYHU\�LV�GRQH�DW�VFDOH���ZLWK�PLQLPDO�UHVRXUFHV�RYHU������VWXGHQWV��
SHUIRUP�WKH�DFWLYLWLHV�HDFK�\HDU�LQ�D�VKRUW�ZLQGRZ�RI�WLPH��7KLUGO\��LW�DOORZV�IRU�WHDFKLQJ�WKH�
VXEMHFWV�SUHYLRXVO\�GRQH�WKRXJK�OHFWXUHV�XVLQJ�LQVWHDG�SUDFWLFDO�OHDUQLQJ��,Q�WKH��'DQJHU�ODE´�
ZH�DVN�VWXGHQWV�WR�DVVHVV�PHDVXULQJ�WKH�WRXJKQHVV�RI�FKRFRODWH�XVLQJ�D�PLQL�&KDUS\�LPSDFW�
WHVWHU��7KH�GDQJHU� LV� LQFUHDVHG�E\�DVNLQJ� WKH�VWXGHQWV� WR�DOVR�GLS� WKH�FKRFRODWH� LQWR� OLTXLG�
QLWURJHQ��'XULQJ�WKH�0HDVXUHPHQWV�ODE�WKH�VWXGHQWV�GHWHUPLQH�WKH�YDULDWLRQ�LQ�PHDVXUHG�IORZ�
UDWHV�EHWZHHQ�GLIIHUHQW�IRUPV�RI�LQVWUXPHQWDWLRQ��:KLOH�WKH�VWXGHQWV�JDLQ�H[SHULHQFH�LQ�UHDGLQJ�
LQVWUXPHQWDWLRQ� DQG� UHFRUGLQJ� GDWD�� WKH\� DOVR� GHYHORS� DQ� XQGHUVWDQGLQJ� RI� HUURUV� DQG�
XQFHUWDLQW\�DQG�KRZ�WKH\�SURSDJDWH�DFURVV�FDOFXODWLRQV��:H�KDYH�IRXQG�WKDW�VWXGHQWV�QRW�RQO\�
KDYH�PRUH�FRQILGHQFH�LQ�DSSURDFKLQJ�OHDUQLQJ�LQ�GLIIHUHQW�ODEV��EXW�WKH\�KDYH�DQ�LQFUHDVHG�
DZDUHQHVV�RI�KD]DUGV�LQ�D�ODERUDWRU\��DQG�D�EHWWHU�XQGHUVWDQGLQJ�DV�WR�KRZ�WR�HYDOXDWH�WKH�
XQFHUWDLQW\�ZLWKLQ�SUDFWLFDO�ZRUN��
�
�
KEYWORDS 
�
,QWURGXFWRU\�/DEV��0XOWLGLVFLSOLQDU\��6WDQGDUGV����������DQG���
�
 
INTRODUCTION 
�
About MEE 
�
7KH� )DFXOW\� RI� (QJLQHHULQJ� DW� WKH� 8QLYHUVLW\� RI� 6KHIILHOG� RIIHUV� XQGHUJUDGXDWH� DQG�
SRVWJUDGXDWH� SURJUDPPHV� WR� DURXQG� ������ VWXGHQWV� LQ� ��� EURDG� GLVFLSOLQHV�� 7KHVH� DUH�
0HFKDQLFDO�(QJLQHHULQJ��$HURVSDFH�(QJLQHHULQJ��&LYLO�DQG�6WUXFWXUDO�(QJLQHHULQJ��*HQHUDO�
(QJLQHHULQJ�� &KHPLFDO� (QJLQHHULQJ�� %LRHQJLQHHULQJ�� 0DWHULDOV� 6FLHQFH� DQG� (QJLQHHULQJ��
(OHFWURQLF� DQG� (OHFWULFDO� (QJLQHHULQJ�� $XWRPDWLRQ� DQG� &RQWURO� 6\VWHP� (QJLQHHULQJ�� DQG�
&RPSXWHU�6FLHQFH�DQG�(QJLQHHULQJ��$OO�RI�WKHVH�SURJUDPPHV�PXVW�LQFOXGH�SUDFWLFDO�DFWLYLWLHV��
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VXFK� DV� H[SHULHQFHV� LQ� ODERUDWRULHV� DQG� ZRUNVKRSV�� WR� VDWLVI\� WKH� DFFUHGLWLQJ� ERGLHV� DQG�
EHFDXVH�ZLWKRXW�ZKLFK�DQ�HQJLQHHULQJ�FXUULFXOXP�ZRXOG�EH�ODFNLQJ���
�
$OO� RI� WKH� GLVFLSOLQHV� WDXJKW� ZLWKLQ� WKH� )DFXOW\� KDYH� RYHUODSV� LQ� WKHLU� FRQWHQW� ZLWK� RWKHU�
GLVFLSOLQHV�� )RU� H[DPSOH�� 0HFKDQLFDO� (QJLQHHULQJ�� &LYLO� (QJLQHHULQJ� DQG� &KHPLFDO�
(QJLQHHULQJ� DOO� LQFOXGH� IOXLG�PHFKDQLFV� DQG�%LRHQJLQHHULQJ��&RQWURO� V\VWHP� DQG�(OHFWULFDO�
(QJLQHHULQJ�DOO�LQFOXGH�HOHFWULFDO�FLUFXLWV��,W�ZDV�WKHUHIRUH�GHFLGHG�WKDW��ZKHQ�D�QHZ�EXLOGLQJ�WR�
KRXVH�WHDFKLQJ�ODERUDWRULHV�ZRXOG�EH�EXLOW�WR�DFFRPPRGDWH�D�ULVH�LQ�VWXGHQW�QXPEHUV��UDWKHU�
WKDQ�QHZ�ODEV�EHLQJ�EDVHG�RQ�DQG�UXQ�E\�GLVFLSOLQH�VSHFLILF�SURJUDPPHV��IRU�H[DPSOH��WKH�
0HFKDQLFDO� (QJLQHHULQJ� ODE��� WKH\� ZRXOG� EH� EDVHG� W\SHV� RI� DFWLYLW\� �IRU� H[DPSOH�� IOXLG�
PHFKDQLFV�� DQG� UXQ� E\� D� WHDP� LQGHSHQGHQW� RI� D� VSHFLILF� GHSDUWPHQW�� 7KLV� PRGHO� KDV�
QXPHURXV�DGYDQWDJHV��LQFOXGLQJ�WKH�HIILFLHQFLHV�WKDW�FDQ�EH�DFKLHYHG�WKURXJK�VFDOLQJ�WHDFKLQJ�
DFWLYLWLHV�WR�ODUJH�FRKRUWV�RI�VWXGHQWV���
�
0XOWLGLVFLSOLQDU\� (QJLQHHULQJ� (GXFDWLRQ� LV� WKH� WHDFKLQJ� RQO\� DFDGHPLF� GHSDUWPHQW� LQ� WKH�
)DFXOW\� RI� (QJLQHHULQJ� ZLWK� WKH� H[SUHVV� UHPLW� RI� GHVLJQLQJ�� GHOLYHULQJ� DQG� DVVHVVLQJ� WKH�
SUDFWLFDO�DFWLYLWLHV�IRU�DOO�WKH�SURJUDPV�LQ�WKH�VKDUHG�ODERUDWRU\�DQG�ZRUNVKRS�VSDFHV��VWDQGDUG�
����3HWURYD���������7KH�WHDP�FRQVLVWV�RI�DURXQG����HPSOR\HHV��LQFOXGLQJ�DFDGHPLF��WHFKQLFDO�
DQG� SURIHVVLRQDO� VHUYLFHV� VWDII�� ,Q� DGGLWLRQ� WR� SHUPDQHQW� VWDII��0((� HPSOR\V� KXQGUHGV� RI�
*UDGXDWH�7HDFKLQJ�$VVLVWDQWV��*7$V���RQ�DQ�KRXUO\�EDVLV��WR�SURYLGH�DGHTXDWH�VWDII�VWXGHQW�
UDWLR�LQ�ODUJH�ODE�FODVVHV��7HDFKLQJ�DW�VFDOH�LV�FRUH�WR�WKH�HWKRV�DQG�RSHUDWLRQ�RI�WKH�GHSDUWPHQW�
DQG�RSSRUWXQLWLHV�DUH�FRQVWDQWO\�VRXJKW�WR�LGHQWLI\�ZKHUH�OHDUQLQJ�GHOLYHUHG�WR�RQH�FRKRUW�FRXOG�
EH�YDOXDEOH�WR�DQRWKHU��7KHVH�SULQFLSOHV�RI�ILQGLQJ�FRPPRQDOLW\�DQG�WHDFKLQJ�DW�VFDOH�KDYH�
EHHQ�WKH�JXLGLQJ�SULQFLSOHV�LQ�WKH�HVWDEOLVKPHQW�RI�WKH�GHSDUWPHQWV�³LQGXFWLRQ�ODEV´���
�
�
THE INDUCTION LABS 
 
$FFRUGLQJ� WR� &',2� FRQFHSW�� µJUDGXDWLQJ� HQJLQHHUV� VKRXOG� EH� DEOH� WR� FRQFHLYH�GHVLJQ�
LPSOHPHQW�RSHUDWH� FRPSOH[� YDOXH�DGGHG� HQJLQHHULQJ� V\VWHPV� LQ� D� PRGHUQ� WHDP�EDVHG�
HQYLURQPHQW¶��&UDZOH\��������
�
,Q�RUGHU�WR�DGGUHVV�WKH�&',2�PRGHO�RI�WHDFKLQJ�LQ�D�SUDFWLFDO�HQYLURQPHQW��WKH�VWXGHQWV�QHHG�
EXLOGLQJ�VNLOOV��VWDQGDUG����ZKLFK�FDQ�IDFLOLWDWH�WKHLU�OHDUQLQJ�LQ�WKH�FRUH�HQJLQHHULQJ�GLVFLSOLQHV��
�
7KH�LGHD�RI�LQGXFWLRQ�ODEV�GHOLYHUHG�DW�WKH�'LDPRQG�LV�WR�SURYLGH�WKH�VWXGHQWV�VWDUWLQJ�WKHLU�
XQGHUJUDGXDWH� FRXUVHV� ZLWK� D� FRPPRQ� IUDPHZRUN� NQRZOHGJH� �VWDQGDUG� ���� 7KH� VWXGHQWV�
VWDUWLQJ�DW�WKH�8QLYHUVLW\�RI�6KHIILHOG�FRPH�IURP�GLIIHUHQW�EDFNJURXQGV�DQG�QDWLRQDOLWLHV��$W�WKLV�
SRLQW�LW�LV�GLIILFXOW�WR�FDWHJRULVH�WKHLU�NQRZOHGJH�IURP�WKH�RULJLQ�RI�WKHLU�HGXFDWLRQ�DQG�LW�LV�PXFK�
HDVLHU�WR�DGGUHVV�FHUWDLQ�DVSHFWV�DV�QRW�FRYHUHG���
�
7KHUH�DUH�GLIIHUHQW�VRIW�VNLOOV��JURXS�ZRUNLQJ��SUHVHQWDWLRQ�VNLOOV��HWF����$XGXQVVRQ���������WKDW�
DUH�DGGUHVVHG�DFURVV�WKH�FXUULFXOXP�LQ�WKH�WZR�\HDUV�RI�XQGHUJUDGXDWH�FRXUVHV��KRZHYHU�ZH�
ZDQW�WR�IRFXV�DV�ZHOO�RQ�PRUH�EDVLF�NQRZOHGJH�ZKLFK�FDQ�IDFLOLWDWH�WKH�VWXGHQWV
�VWDUW�RI�WKHLU�
SUDFWLFDO�ZRUN�DQG�KHOS�VWDII�WR�IRFXV�PRUH�RQ�WKH�FRUH�WHFKQLFDO��SHUVRQDO�DQG�LQWHUSHUVRQDO�
VNLOOV�RI�WKH�SUDFWLFDO�WHDFKLQJ��
�
7KH�VHWXS�RI�WKH�'LDPRQG�DQG�WKH�ODUJH�VFDOH�RI�WKH�IDFLOLW\�DOORZV�WKH�VWXGHQWV�WR�KDYH�KDQGV�
RQ� H[SHULHQFH� RQ� GLIIHUHQW� WHFKQLTXHV�� 7KH\� FDQ� EXLOG� WKLQJV�� RSHUDWH�� DQG� WHVW� WKHP�� DOO�
DFWLYLWLHV�ZKLFK�WR�EH�SURGXFWLYH�PXVW�EH�VDIH��$V�SHU�SURWRFRO��5LVN�$VVHVVPHQWV�DUH�SURYLGHG�
IRU�HYHU\�SUDFWLFDO�DFWLYLW\�EXW�PDQ\�VWXGHQWV�VWDUWLQJ�WKHLU�XQGHUJUDGXDWH�FRXUVH�LQ�6KHIILHOG�
PD\�QRW�EH�IDPLOLDU�ZLWK�WKH�SURFHVV�DQG�WKHLU�DSSOLFDWLRQ���
�
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+HDOWK� DQG� 6DIHW\� LV� DQ� HVVHQWLDO� SDUW� RI� SUDFWLFDO� WHDFKLQJ�� +RZHYHU�� WKH� WKHRU\� DQG�
LPSOHPHQWDWLRQ�RI�+	6�WUDGLWLRQDOO\�LV�WDXJKW�DV�D�SDVVLYH�WUDQVPLVVLRQ�RI�LQIRUPDWLRQ��LQ�IDFW�
ZULWLQJ�DQG�UHDGLQJ�ULVN�DVVHVVPHQWV�LV�FRQVLGHUHG�D�WHGLRXV�H[HUFLVH��KRZHYHU�HVVHQWLDO��
�
'XULQJ�WKLV�VKRUW�LQWURGXFWRU\�ODE��WKH�VWXGHQWV�DUH�LQWURGXFHG�WR�WKH�ULVN�DVVHVVPHQW�E\�ZULWLQJ�
RQH�IRU�D�VLPSOH�H[SHULPHQW��EUHDNLQJ�FKRFRODWH�DW�URRP�WHPSHUDWXUH�DQG�XVLQJ�OLTXLG�QLWURJHQ��
7KLV�DFWLYLW\�LV�PRUH�HQJDJLQJ��WKH�VWXGHQWV�DSSO\�WKH�VWHSV�RI�ZULWLQJ�D�ULVN�DVVHVVPHQW�IRU�D�
UHDO�H[SHULPHQW�WKDW�WKH\�ZLOO�KDYH�WR�SHUIRUP�VWUDLJKW�DIWHU��
�
7KH� 0HDVXUHPHQWV� /DE� DFWLYLW\� LV� GHVLJQHG� WR� JLYH� WKH� VWXGHQWV� DQ� XQGHUVWDQGLQJ� RI�
XQFHUWDLQW\�DQG�GHPRQVWUDWH�ZKDW�LV�KDSSHQLQJ�LQ�DQ�LQGXVWULDOO\�UHOHYDQW�HQJLQHHULQJ�FRQWH[W��
(QJLQHHUV�GHVLJQ�DQG�EXLOG�WKLQJV�WKDW�QHHG�WR�IXQFWLRQ�LQ�WKH�UHDO�ZRUOG��DQG�WKH�UHDO�ZRUOG�LV�
IXOO� RI� XQFHUWDLQW\�� 7KH� PHDVXUHPHQWV� /DE� DOVR� LQWURGXFHV� WKH� VWXGHQWV� WR� WKH� PHWKRGV�
HQJLQHHUV�XVH�WR�ZRUN�ZLWK�DQG�RYHUFRPH�XQFHUWDLQW\�WR�DOORZ�WKHP�WR�GR�WKHLU�MRE�RI�GHVLJQLQJ�
DQG�EXLOGLQJ�WKLQJV���
�
7KH�VFRSH�RI�WKLV�SDSHU�LV�WR�XQGHUOLQH�WKH�LPSRUWDQFH�RI�RXU�,QGXFWLRQ�ODEV�LQ�VWXGHQWV�OHDUQLQJ�
DQG� WR� GHPRQVWUDWH� WKDW� FRQVLGHULQJ� HIILFLHQF\� IURP� WHDFKLQJ� DW� VFDOH� �VWDII�� VSDFH�� DQG�
HTXLSPHQW��GRHV�QRW�FRPSURPLVH�WKH�H[SHFWHG�OHDUQLQJ�RXWFRPHV��$OVR��RXU�LQWURGXFWRU\�ODEV�
DUH�IRFXVHG�RQ�DFWLYH�OHDUQLQJ�WKDW�DUH�PRUH�HIIHFWLYH�WR�XVH�E\�HQJDJLQJ�VWXGHQWV�LQ�PRUH�
SUREOHP�VROYLQJ�DFWLYLWLHV���'\P��������
�
:H�ZLOO�IRFXV�RXU�GLVFXVVLRQ�RQ�WZR�,QWURGXFWRU\�/DEV��ZKLFK�DUH�GHOLYHUHG�DW�WKH�'LDPRQG�LQ�
WKH�ILUVW�WZR�ZHHNV�RI�WKH�ILUVW�VHPHVWHU��'DQJHU�/DE��-RKQVRQ��������DQG�0HDVXUHPHQWV�/DE���
 
The Danger Lab 
�
7KH�DLP�RI�WKH�'DQJHU�/DE�LV�IRU�VWXGHQWV�WR�GHVLJQ�DQ�H[SHULPHQWDO�SURWRFRO�WR�PHDVXUH�WKH�
LPSDFW� IUDFWXUH� WRXJKQHVV� RI� FKRFRODWH� DW� URRP� DQG� FU\RJHQLF� WHPSHUDWXUHV� ZKLOH�
XQGHUVWDQGLQJ�WKH�ULVNV�DQG�KD]DUGV�RI�WKH�SURFHVV��ZULWLQJ�D�5LVN�$VVHVVPHQW����
�
7KH�VWXGHQWV� LQYHVWLJDWH� WKH� IUDFWXUH�RI�FKRFRODWH��&KRFRODWH� LV�D�FRQYHQLHQW�PDWHULDO�DV� LW�
EUHDNV�UHODWLYHO\�HDVLO\��LW�LV�QRQ�WR[LF�DQG�KDV�SURSHUWLHV�WKDW�YDU\�VWURQJO\�ZLWK�WHPSHUDWXUH��
�
7KLV�ODE�VXSSRUWV�WKH�VWXGHQWV�LQ�PDQLSXODWLQJ��EUHDNLQJ�FKRFRODWH�DW�GLIIHUHQW�WHPSHUDWXUHV���
DSSO\LQJ��5LVN�$VVHVVPHQW�FRQFHSWV���DQDO\VLQJ�DQG�HYDOXDWLQJ�LGHDV��KRZ�WKH�WRXJKQHVV�RI�
FKRFRODWH�FKDQJHV�DW�GLIIHUHQW�WHPSHUDWXUH���VWDQGDUG�����
�
7KH�'DQJHU�/DE� LV� UXQ� WR�FODVV�VL]HV�RI�XS� WR����VWXGHQWV�ZLWK�D�VWDII�VWXGHQW� UDWLR�RI������
FRPSULVLQJ���DFDGHPLF�PHPEHU�RI�VWDII�DQG���*7$V��7KH�'DQJHU�ODE�LV�GLYLGHG�LQWR�IRXU�SDUWV�
DQG�LV�WLPHWDEOHG�WR�ODVW�����KRXUV���
�
7KH�ILUVW�SDUW�LV�WKH�,QWURGXFWLRQ�WR�+HDOWK�	�6DIHW\��ZKHUH�WKH�VWXGHQWV�DUH�VKRZQ�H[DPSOHV�
RI�KD]DUGV�DQG�KRZ�WR�HYDOXDWH�WKHLU�ULVN�XVLQJ�WKH�ULVN�PDWUL[��'XULQJ�WKLV�VHFWLRQ��WKH�VWXGHQWV�
DUH�VKRZQ�KRZ�WR�LGHQWLI\�WKH�KD]DUGV��GHFLGLQJ�ZKR�PLJKW�EH�KDUPHG�DQG�KRZ��HYDOXDWLQJ�
WKH�ULVN�DQG�GHFLGLQJ�RQ�SUHFDXWLRQV��7KH�,QWURGXFWLRQ�WR�+	6�LV�IROORZHG�E\�WKH�([SHULPHQW�
GHVFULSWLRQ�DQG�GHPRQVWUDWLRQ��EULHI�GHVFULSWLRQ�RI�KRZ�WR�PHDVXUH�WKH�WRXJKQHVV�RI�PDWHULDOV�
DQG�D�GHPRQVWUDWLRQ�RI�KRZ�WR�WHVW�WKH�WRXJKQHVV�RI�FKRFRODWH�DW�URRP�WHPSHUDWXUH�DQG�OLTXLG�
QLWURJHQ�XVLQJ�PLQL�LPSDFW�WHVWHUV��UHSRUW�WKH�FDSDFLW\��ZLWK�DSSURSULDWH�SHUVRQDO�SURWHFWLRQ�
HTXLSPHQW��33(���
�
$W�WKLV�SRLQW�WKH�VWXGHQWV�VKRXOG�KDYH�HQRXJK�NQRZOHGJH�WR�ZULWH�WKH�5LVN�$VVHVVPHQW�IRU�WKH�
H[SHULPHQW��7KH\�ZRUN�LQ�JURXSV����VWXGHQWV�PD[LPXP�SHU�JURXS���DQG�WKH\�DUH�HQFRXUDJHG�
WR�ZULWH�WKH�ULVN�DVVHVVPHQW�FROOHFWLYHO\�E\�GLVFXVVLQJ�WKH�YDULRXV�KD]DUGV�DQG�WKHLU�ULVNV�IRU�
WKH�H[SHULPHQW��$IWHU�ZULWLQJ�WKH�5LVN�$VVHVVPHQW��DW�OHDVW���KD]DUGV���WKH\�PXVW�FRPSOHWH�DQ�
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H[SHULPHQWDO� SURWRFRO� IRU� WKH� SURFHGXUH� RI� WHVWLQJ� FKRFRODWH� DW� FU\RJHQLF� WHPSHUDWXUH��
FRQVLGHULQJ�WKH�H[WUD�SHUVRQDO�SURWHFWLRQ�HTXLSPHQW�QHHGHG�DQG�DGGLWLRQDO�VHWWLQJ�XS�VWHSV�
DFFRUGLQJ�WR�WKHLU�5LVN�$VVHVVPHQW��
�
$W�WKH�HQG�WKH�VWXGHQWV�SHUIRUP�WKH�H[SHULPHQW��$W�WKLV�SRLQW�WKH�VWXGHQWV�DUH�WUDLQHG�WR�SHUIRUP�
WKH�H[SHULPHQW�DQG�DUH�JLYHQ�FKRFRODWH�DQG�OLTXLG�QLWURJHQ��$�EULHI�FODVV�GLVFXVVLRQ�IROORZV�
WKH�FRPSLODWLRQ�RI�WKH�H[SHULPHQW�WR�DQDO\VH�WKH�FODVV�UHVXOWV���
�
The Measurements Lab�
�
7KH�PHDVXUHPHQW�ODE�LV�GHVLJQHG�WR�WHDFK�VWXGHQWV�WR�UHFRJQL]H�DQG�PHDVXUH�XQFHUWDLQW\�LQ�
PHDVXUHG�GDWD�DQG�WR�SURYLGH�WDFWLFV�WR�ERWK�PDQDJH�DQG�FRPPXQLFDWH�WR�RWKHUV�XQFHUWDLQW\�
LQ�DQ�H[SHULPHQWDO�UHVXOW���7KLV�LV�D�IRXQGDWLRQDO�VNLOO�DSSOLFDEOH�WR�DOO�GLVFLSOHV�RI�HQJLQHHULQJ�
DQG� XQGHUSLQV� H[SHULPHQWDO� ZRUN� FRQGXFWHG� LQ� DOO� WKH� GHJUHH� SURJUDPPHV� WDXJKW� E\� WKH�
IDFXOW\���
�
6WXGHQWV��ZRUNLQJ�LQ�JURXSV�RI���DUH�SURYLGHG�ZLWK�D�K\GUDXOLF�EHQFK�DQG�D�YDULHW\�RI�ZDWHU�
IORZ� PHDVXUHPHQW� GHYLFHV� WKDW� XVH� YDULRXV� SK\VLFDO� SKHQRPHQD� DV� SUR[LHV� WR� PHDVXUH�
YROXPH�IORZ�UDWH��)RU�H[DPSOH��WKH�9HQWXUL�PHWHU�PHDVXUHV�SUHVVXUH�DW�WZR�ORFDWLRQV�XVLQJ�D�
SLH]RPHWHU�DQG�� WKURXJK�D�FRPELQDWLRQ�RI� WKH�SULQFLSOHV�RI�3DVFDO¶V� ODZ��FRQWLQXLW\�DQG�WKH�
%HUQRXOOL�SULQFLSOH��WKH�YROXPH�IORZ�UDWH�FDQ�EH�FDOFXODWHG���7KHVH�GHYLFHV�DUH�DOO�FRQQHFWHG�
LQ� D� K\GUDXOLF� VHULHV� WR� HQVXUH� WKDW� WKH� IORZ� UDWH� PHDVXUHG� E\� HDFK� GHYLFH� LV� SK\VLFDOO\�
LGHQWLFDO��7KH�VWXGHQWV�DUH�WKHQ�DVNHG�WR�UHFRUG�WKH�PHDVXUHPHQW�DQG�WKH�XQFHUWDLQW\�LQ�WKH�
UDZ�GDWD�FROOHFWHG�DQG�FRQVLGHU�LI��DIWHU�SURFHVVLQJ�WKH�UHVXOWV��HDFK�SLHFH�RI�LQVWUXPHQWDWLRQ�
LV�UHFRUGLQJ�LGHQWLFDO�UHVXOWV���:KHQ�WKHUH�LV�DQ�LQHYLWDEOH�GLIIHUHQFH�LQ�WKH�PHDVXUHPHQWV�RI�
HDFK�GHYLFH��VWXGHQWV�DUH�HQFRXUDJHG�WR�GHYHORS�D�KHDOWK\�VNHSWLFLVP�RI�WKH�RXWSXW�IURP�DQ\�
VLQJOH� SLHFH� RI� LQVWUXPHQWDWLRQ�� FRQVLGHU� ZK\� WKH� UHVXOWV� GLIIHU� IURP� RQH� DQRWKHU� DQG� WKH�
GHJUHH�WR�ZKLFK�XQFHUWDLQW\�LQ�WKH�UDZ�DQG�SURFHVVHG�UHVXOWV�FRQWULEXWHV�WR�WKH�GLVFUHSDQF\���
�
7KH�PHDVXUHPHQW�ODE�LV�UXQ�WR�FODVV�VL]HV�RI�XS�WR����VWXGHQWV�ZLWK�D�VWDII�VWXGHQW�UDWLR�RI������
FRPSULVLQJ� �� DFDGHPLF�PHPEHU� RI� VWDII� DQG���*7$V��6HVVLRQ�GXUDWLRQV� DUH� �� KRXUV�� 7KH�
VWXGHQWV�XVXDOO\�VSHQG����PLQXWHV�LQWURGXFLQJ�WKH�DFWLYLW\�����PLQXWHV�FROOHFWLQJ�GDWD�DQG�WKH�
ILQDO�KRXUV�SURFHVVLQJ�DQG�FRQVLGHULQJ�WKH�UHVXOWV��7KURXJK�PDQ\�VXFFHVVLYH�UHSHDWV�RI�WKLV�
DFWLYLW\��FODVV�PDQDJHPHQW�KDV�EHHQ�KRQHG�WR�DQ�H[DFWLQJ�GHJUHH��7KH�VHVVLRQV�DUH�W\SLFDOO\�
UXQ�������WLPHV�LQ�WKH�ILUVW�ZHHN�RI�WKH�8QLYHUVLW\�WHDFKLQJ�VHPHVWHU��GHOLYHULQJ�WKLV�VXEMHFW�WR�
DURXQG������VWXGHQWV��9DULRXV� WDFWLFV�DUH�HPSOR\HG� WR� VFDOH� WKH�GHOLYHU\�� LQFOXGLQJ�KLJKO\�
UHILQHG�SULQWHG�WHDFKLQJ�PDWHULDO�WKDW�JXLGHV�VWXGHQWV�WKURXJK�WKH�ZRUN�DQG�VLJQSRVWV�WKHP�WR�
VROXWLRQV� WR� W\SLFDOO\�HQFRXQWHUHG�SUREOHPV�� WUDLQLQJ�D�SRRO�RI�JUDGXDWH� WHDFKLQJ�DVVLVWDQWV�
�*7$V�� WR� OHDG�DQG�VXSSRUW� WKH�VHVVLRQV��D�ZHOO�SURGXFHG�YLGHR� WR�SOD\�DW� WKH�VWDUW�RI� WKH�
VHVVLRQ�WR�LQWURGXFH�WKH�FRQFHSW�RI�XQFHUWDLQW\�DQG�D�ZHOO�GHVLJQHG�GLJLWDO�YHUVLRQ�RI�WKH�ODE�
DYDLODEOH� RQ� WKH� 9/(� WR� VXSSRUW� VWXGHQW� WKDW� DWWDLQHG� RU� SURYLGH� DQ� DOWHUQDWLYH� IRU� WKRVH�
VWXGHQWV�WKDW�ZHUH�XQDEOH�WR�DWWHQG��
 
 
EVALUATION METHOD 
 
,Q�RUGHU�WR�HYDOXDWH�WKH�JDLQ�LQ�HIILFLHQF\�IURP�WHDFKLQJ�VXEMHFWV�DW�VFDOH��GDWD�RQ�WKH�UHVRXUFHV�
UHTXLUHG�WR�GHOLYHU�WKH�LQGXFWLRQ�ODEV�KDV�EHHQ�JDWKHUHG�DQG�FRPSDUHG�WR�VLPLODU�ODE�FODVVHV�
GHOLYHUHG�E\�0((��7DEOH������5HVRXUFHV�FRQVLGHU�RI�QRWH�IRU�WKLV�DQDO\VLV�DUH�
�
��� $FDGHPLF�VWDII� DQG�*UDGXDWH�7HDFKLQJ�$VVLVWDQW� �*7$��FRQWDFW� WLPH�GXULQJ� WLPHWDEOHV�

VHVVLRQV��LQ�KRXUV���
��� 7LPH�UHTXLUHG�IRU�DFDGHPLF�VWDII�WR�WUDLQ�*7$V�WR�GHOLYHU�WKH�VHVVLRQ��LQ�KRXUV����
��� 7KH�RQH�RII�WLPH�UHTXLUHG�WR�GHYHORS�WKH�WHDFKLQJ�PDWHULDO��LQFOXGLQJ�SUHSDUDWLRQ�RI�WKH�ODE�

VKHHWV��SODQQLQJ�WKH�VHVVLRQ�DQG�SURYLGLQJ�VXSSRUWLQJ�PDWHULDO�RQ�WKH�9/(��LQ�KRXUV����
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��� 7KH�WHFKQLFLDQ�WLPH�UHTXLUHG�WR�VHW�XS�DQG�WDNH�GRZQ�WKH�ODE�HTXLSPHQW�IRU�WKH�VHVVLRQ��LQ�
KRXUV��

��� 7LPHWDEOLQJ�HIILFLHQF\��GHILQHG�DV�KRXUV�RI�FRQWDFW�GLYLGHG�E\� WKH�VHWXS�DQG� WDNH�GRZQ�
WLPH���

�
7LPHWDEOLQJ�HIILFLHQF\�LV�D�SUR[\�WR�TXDQWLI\�WKH�VSDFH�XVH�FRVW�RI�GHOLYHULQJ�DQ�DFWLYLW\��6SDFH�
FKDUJHV��W\SLFDOO\�FKDUJHG�E\�D�XQLYHUVLW\�WR�DFDGHPLF�GHSDUWPHQWV�WR�FRYHU�WKH�LQIUDVWUXFWXUH�
FRVWV�VXFK�DV�KHDWLQJ��OLJKWLQJ��FOHDQLQJ�DQG�VHFXULW\��YDU\�EHWZHHQ�GLIIHUHQW�LQVWLWXWLRQV�DQG�
FDQ� EH� FRQVLGHUDEOH� IRU� FLW\� FHQWUH� FDPSXVHV�� 2XU� GHILQLWLRQ� RI� WLPHWDEOH� HIILFLHQF\� LV� DQ�
DWWHPSW�WR�DQDO\VH�WKH�XWLOL]DWLRQ�RI�VSDFH��:H�UXQ�WKH�,QGXFWLRQ�/DEV�DW�IXOO�ODE�FDSDFLW\�����
VWXGHQWV�IRU�WKH�0HDVXUHPHQWV�/DE�DQG����VWXGHQWV�IRU�WKH�'DQJHU�/DE���+RZHYHU��WKH�IXOO�
FDSDFLW\�GRHV�QRW�RQO\�FRQVLGHU�DQ�DFFHSWDEOH�SDUDPHWHU�RI�VSDFH�EXW�DOVR�DOORZV�WKH�VWXGHQWV�
WR�SHUIRUP�DQ�DFWLYLW\�VDIHO\�DQG�EH�LQYROYHG�GLUHFWO\�ZLWK�WKH�SURFHVV�DQG�HTXLSPHQW��
�
)RU�FRPSDULVRQ�ZLWK�WKH�GDQJHU�DQG�PHDVXUHPHQW�LQGXFWLRQ�ODEV��WKH�UHVRXUFHV�OLVWHG�DERYH�
KDYH�DOVR�EHHQ�FDOFXODWHG�IRU�WZR�RWKHU��QRQ�LQGXFWLRQ�ODEV�UXQ�E\�0((��7KH�³'XFWLOH�WR�%ULWWOH�
7UDQVLWLRQ�7HPSHUDWXUH��'%%7�´�ODE�KDV�EHHQ�FKRVHQ�WR�FRPSDUH�WR�WKH�'DQJHU�ODE�DQG�WKH�
³&DOLEUDWLRQ�RI�D�IORZ�PHDVXUHPHQW�GHYLFH´�ODE��UXQ�WR��VW�\HDU�PHFKDQLFDO�HQJLQHHULQJ�KDV�
EHHQ�FKRVHQ�WR�FRPSDUH�WR�WKH�PHDVXUHPHQW�ODE��7KHVH�ODEV�KDYH�EHHQ�VHOHFWHG�EHFDXVH�
WKH\�DUH�VLPLODU�H[SHULPHQWV�WR�WKDW�XVHG�LQ�WKH�,QWURGXFWRU\�ODEV�DQG�DUH��RVWHQVLEO\��WKH�VDPH�
DFWLYLWLHV� ODVWLQJ� WKH� VDPH� GXUDWLRQ��:KHQ� WDXJKW� DV� LQGXFWLRQ� ODEV�� WKH\� DUH� GHVLJQHG� IRU�
VWXGHQWV�WR�PHHW�WUDQVIHUDEOH�OHDUQLQJ�RXWFRPHV�WR�D�EURDG�UDQJH�RI�HQJLQHHULQJ�SURJUDPPHV�
DQG�ZKHQ�UXQ�DV�QRQ�LQGXFWLRQ�ODEV�WKH\�WHDFK�VXEMHFWV�VSHFLILF�NQRZOHGJH�WR�D�OLPLWHG�UDQJH�
RI�HQJLQHHULQJ�SURJUDPPHV��:H�GR�QRW�KDYH�DQ\�GDWD� WR�FRPSDUH�ZLWK�D�VLWXDWLRQ�ZLWKRXW�
,QGXFWLRQ� ODEV� DV� ZH� KDYH� DOZD\V� UXQ� WKHP� VLQFH� RSHQLQJ� WKH�'LDPRQG�� 7KH� SHUFHQWDJH�
GLIIHUHQFH�LQ�WKH�LQYHVWPHQW�RI�UHVRXUFHV��FRPSDUHG�WR�WKH�LQGXFWLRQ�ODEV��KDV�EHHQ�FDOFXODWHG�
EDVHG�RQ�WKH�SHU�VWXGHQW�QXPEHUV���
�
$FFHVVLQJ�GDWD�LQ�ODUJH�RUJDQL]DWLRQV�FDQ�EH�FKDOOHQJLQJ��7KH�FHQWUDOLVDWLRQ�RI�ODE�WHDFKLQJ�WR�
EH�GHOLYHUHG�DW�VFDOH�MXVWLILHV�WKH�LQYHVWPHQW�RI�HIIRUW�WR�FUHDWH�HIILFLHQW�V\VWHPV�DQG�SURFHVVHV��
)RU�H[DPSOH��ZKHQ�*7$�DOORFDWLRQ�RI�WHDFKLQJ�GXWLHV�LV�GRQH�DW�D�VPDOO�VFDOH�LQ�GHSDUWPHQWV��
LW� LV�GRQH�LQ�D�IDLUO\�DG�KRF�ZD\�ZLWK� OLWWOH�SURFHVV�PDQDJHPHQW��DV�WKH�WDVN� LV�WRR�VPDOO� WR�
MXVWLI\�RSWLPL]LQJ��0((��LQ�FRQWUDVW��HPSOR\V�VR�PDQ\�*7$V�WKDW�D�VWUHDPOLQH�V\VWHP�KDV�KDG�
WR�EH�GHYHORSHG��,Q�DGGLWLRQ��0((¶V�IXQGLQJ�PRGHO�RI�FRQWULEXWLRQV�IURP�DOO�RWKHU�HQJLQHHULQJ�
GHSDUWPHQWV� SODFHV� LW� XQGHU� FRPSDUDWLYHO\� ODUJHU� VFUXWLQ\� WKDQ� WKH� LQFRPH� JHQHUDWLQJ�
GHSDUWPHQWV��$V�VXFK��D�V\VWHP�WR�SODQ��PDQDJH�DQG�DXGLW�DOO� WHDFKLQJ�DFWLYLWLHV�KDV�EHHQ�
GHYHORSHG��2QH�VXFK�V\VWHP�LV�UHIHUUHG�WR�DV�\RXU�³GLUHFWRU\�RI�DFWLYLWLHV´��$V�ZHOO�DV�SURYLGLQJ�
LWV�SULPDU\�IXQFWLRQ��WKH�GLUHFWRU\�RI�DFWLYLWLHV�SURYLGHV�D�UHVRXUFH�RI�GDWD�WR�EH�KDUYHVWHG�IRU�
WHDFKLQJ�HYDOXDWLRQV�VXFK�DV�WKDW�SUHVHQWHG�KHUH�� 
�
RESULTS 
�

7DEOH����&RPSDULVRQ�RI�UHVRXUFHV�IRU�WHDFKLQJ�DW�VFDOH�
 

 Danger Lab Measurement 
Lab 

DBTT Calibration 
Lab 

Number of 
students 

����� ���� ���� ����

Total contact time  
(hours) 

����� ��� ����� ��

GTA contact time ���� ��� ����� ���

�
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(hours) 

Staff contact time 
(hours) 

���� ��� ��� ���

GTA contact time 
(hours/student) 

����� ����� �����
�������

������
��������

Staff contact time 
(hours/student) 

������ ������ ������
������

������
�������

Staff training time 
(hours) 

�� �� �� ��

GTA training time 
(hours) 

�� ��� �� ��

Staff training time 
(hours/student) 

�������
�

������ ������
�������

������
�������

GTA training time 
(hours/student) 

������� ������ ������
�������

������
�������

Development time 
(hours) 

��� ��� ��� ��

Development time 
(hours/student) 

������ ����� �����
��������

�����
�������

Technician time 
(hours) 

��� �� ��� ��

Technician time 
(hours/student) 

�������
�

�������
�

�����
��������

������
�������

Timetabling 
efficiency 

���� ���� ���� ����

 
 
DISCUSSION 
�
:RUN�ORDGLQJ�RI�VWDII�LV�RI�VLJQLILFDQW�FRQFHUQ�LQ�WKH�8.�+(�VHFWRUV��DQG�RQH�RI�WKH�SULPDU\�
FDXVHV� IRU� UHFHQW� LQGXVWULDO�DFWLRQV�E\�XQLRQV��)LQGLQJ� LQQRYDWLYH�PHWKRGRORJLHV� WR� UHGXFH�
VWDIILQJ�UHGXFHV�VWDII�WLPH�LQSXW�ZLWKRXW�FRPSURPLVLQJ�WKH�VWXGHQW�H[SHULHQFH�LV�RI�SDUDPRXQW�
LPSRUWDQFH���$V�H[SHFWHG��WKH�UHVXOW�VKRZV�WKDW�E\�VFDOLQJ�WHDFKLQJ��LQ�PRVW�FDVHV�WKH�DPRXQW�
RI�FRQWDFW�WLPH�UHTXLUHG�E\�VWDII�DQG�*7$V�ZDV�UHGXFHG��7KH�HIIHFWV�DUH�OHVV�QRWLFHDEOH�LQ�WKH�
UHTXLUHG� WUDLQLQJ�DQG�GHYHORSPHQW� WLPH��:KLOH�PRUH� WHDFKLQJ�ZRXOG� W\SLFDOO\� UHTXLUH�PRUH�
FRQWDFW�� DFWLYLWLHV� WKDW� QHHG� WR� EH� FRPSOHWHG� RQFH� UHJDUGOHVV� RI� WKH� DPRXQW� RI� WHDFKLQJ�
EHFRPH�PXFK�PRUH� HIILFLHQW� ZKHQ� VFDOHG� XS�� 7KH�PRVW� GUDPDWLF� UHVXOWV� DUH� VHHQ� LQ� WKH�
WHFKQLFDO�DQG�VSDFH�UHVRXUFHV��:KHQ�HTXLSPHQW�QHHGV�WR�EH�VHW�XS�DQG�WDNHQ�GRZQ�EHWZHHQ�
GLIIHUHQW� DFWLYLWLHV�� VWDII� DUH� UHTXLUHG�� DQG� WKH� HTXLSPHQW�URRP� FDQQRW� EH� XVHG� IRU� RWKHU�
SXUSRVHV��%\�UXQQLQJ�PDQ\�VHVVLRQV�VHTXHQWLDOO\��WKLV�ZDVWHG�FDQ�EH�VXEVWDQWLDOO\�UHGXFHG���
�
7KH�LQLWLDO�GHYHORSPHQW�RI�WKHVH�LQWUR�ODEV�ZDV�D�OHQJWK\�DQG�WULDO�DQG�HUURU�SURFHVV��:H�KDG�
WR� DGGUHVV� WKH� LPSDFW� RQ� VWDII� DQG� IDFLOLWLHV� WR� GHOLYHU� D� EDFN�WR�EDFN� DFWLYLW\� WR� VXFK� DQ�
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LPSUHVVLYH�QXPEHU�RI�VWXGHQWV�LQ�D�VKRUW�SHULRG�RI�WLPH��,Q�UHWURVSHFW��LW�KDV�EHHQ�D�VXFFHVVIXO�
MRXUQH\��$W�WKH�VWDUW�RI�HDFK�DFDGHPLF�\HDU��ZH�QHHG�WR�WUDLQ�WKH�QHZ�*7$V�DQG�VWDII�ZKLFK�LV�
VWLOO�PRUH�HIIHFWLYH�FRPSDUHG�WR�WKH�QRQ�LQGXFWLRQ�ODEV�WUDLQLQJ��
�
:H�KDYH�QRW�FRQVLGHUHG�LQ�WKH�FRPSDULVRQ�WKH�WXUQDURXQG�WLPH��)RU�WKH�,QWUR�ODEV��ZKLFK�UXQ�
GXULQJ�WKH�ILUVW�WZR�ZHHNV�RI�WKH�ILUVW�VHPHVWHU��WKH�WXUQDURXQG�WLPH�LV�SUDFWLFDOO\�]HUR�EHFDXVH�
ZH�UXQ�ORWV�RI�WKH�VDPH�ODE�EDFN�WR�EDFN�LQ�WKH�VDPH�VSDFH��,Q�FRPSDULVRQ�WKH�FRUH�ODEV�DFURVV�
WKH�VHPHVWHU�DUH�VFDWWHUHG�GXH�WR�WLPHWDEOH�FRQVWUDLQWV�DQG�WKH�VDPH�ODE�FDQ�EH�GHOLYHUHG�
RQFH�D�ZHHN�DFURVV�GLIIHUHQW�ZHHNV��
�
)RU�D�QXPEHU�RI�UHDVRQV��DOVR�WKH�HTXLSPHQW�DQG�FRQVXPDEOHV�FRVWV�KDYH�QRW�EHHQ�LQFOXGHG�
DV�SDUW�RI�WKH�HYDOXDWLRQ���3ULPDULO\��WKLV�GXH�WR�WKH�GLIILFXOW\�LQ�GHWHUPLQLQJ�WR�ZKDW�H[WHQW�ODE�
HTXLSPHQW�FRQWULEXWHV�WR�LQGLYLGXDO�DFWLYLWLHV��0DQ\�SLHFHV�RI�HTXLSPHQW�IRXQG�LQ�ODERUDWRULHV�
DUH�FRQVLGHUHG�SDUW�RI� WKH�VWDQGDUG�IDFLOLWLHV�DQG�VR�DUH�SUHVHQW�UHJDUGOHVV�RI� WKH�DFWLYLWLHV�
FRQGXFWHG��&RQVXPDEOHV�FRVWV�WHQG�WR�EH�QHJOLJLEOH�LQ�FRPSDULVRQ�WR�VWDIILQJ�FRVWV��+RZHYHU��
DV� LV�TXDQWLWDWLYHO\�VKRZQ�ZLWK�RWKHU� UHVRXUFHV�FRQVLGHUHG� LQ� WKH�UHVXOWV�� WHDFKLQJ�DW�VFDOH�
HQFRXUDJHV� WKH� UHGXFWLRQ�RI�FRVWV� IRU�HTXLSPHQW�DQG�FRQVXPDEOHV�� ,I�D�VLQJOH�XVH�VDPSOH�
FRVWV������WKLV�LV�RI�OLWWOH�FRQFHUQ�LI�LW�LV�XVHG�E\����VWXGHQWV��,I�LW�LV�XVHG�E\�������VWXGHQWV��WKH�
LQYHVWPHQW�RI�LQWHOOHFWXDO�HIIRUW�LQ�FRQVLGHULQJ�DQ�DOWHUQDWLYH�VDPSOH�RU�WHDFKLQJ�PHWKRG�FRXOG�
EH�XVHG�WR�IUDFWLRQDOO\�UHGXFH�WKH�XQLW�SULFH���
�
7KH�ODEV�GR�QRW�KDYH�D�IRUPDO�DVVHVVPHQW�GXULQJ�RU�DIWHU�WKH�VHVVLRQ��WKH�VWXGHQWV�KDYH�WR�
WXUQ�XS�DQG�JHW�LQYROYHG��7KLV�VHWXS�PDNHV�WKH�ODE�PRUH�UHOD[HG�DQG�IXQ��KRZHYHU�LW�PD\�EH�
FRQVLGHUHG�RI�OLWWOH�LPSRUWDQFH�ZLWKRXW�DQ\�IRUP�RI�DVVHVVPHQW��,Q�SUDFWLFH��WKH�VWXGHQWV�DUH�
REVHUYHG�ZKHQ�WKH\�XQGHUWDNH�WKH�ODEV���VR�D�IRUP�RI�IRUPDWLYH�GLUHFW�DVVHVVPHQW�WDNHV�SODFH��
FRQVLGHUHG�PRUH�DGYDQWDJHRXV�LQ�D�SUDFWLFDO�HQYLURQPHQW��5HLVV����������
�
7KH�DLP�RI�WKH�'DQJHU�/DE�LV�IRU�VWXGHQWV�WR�XQGHUVWDQG�KRZ�WR�ZULWH�WKH�5$�DQG�KRZ�WR�XVH�
LW��7KH�DLP�RI�WKH�0HDVXUHPHQWV�ODE�LV�IRU�VWXGHQWV�WR�UHFRJQL]H�DQG�PHDVXUH�XQFHUWDLQW\�LQ�
PHDVXUHG� GDWD�� $V� D� UHVXOW�� WKH� ,QWUR� /DEV� DUH� QRW� GLUHFWO\� OLQNHG� WR� WKH� VSHFLILF� PRGXOH�
RXWFRPHV�� 7KH\� DUH� PRUH� JHQHULF� DQG� EDVLF� VNLOOV� ZKLFK� ZLOO� EH� LQGLUHFWO\� DVVHVVHG�
GRZQVWUHDP�DW�VRPH�SRLQW�GXULQJ� WKH�SUDFWLFDO�VHVVLRQV� LQ� WKH�FRQWH[W�RI�D�EURDG�UDQJH�RI�
HQJLQHHULQJ�SURJUDPPHV���
�
7KH�,QWUR�/DEV�DUH�IOH[LEOH��SUDFWLFDOO\�\RX�FDQ�WDNH�WKH�GDQJHU�ODE�DQ\ZKHUH��:H�KDYH�XVHG�
WKLV�ODE�IRU�GLIIHUHQW�FRQWH[WV��VXFK�DV�VWDII�WUDLQLQJ�RU�RXWUHDFK�DFWLYLWLHV��PRVWO\�VFKRROV���7KH�
0HDVXUHPHQWV�ODE�LV�UHVWULFWHG�WR�WKH�HTXLSPHQW�ORFDWHG�LQ�WKH�)OXLGV�/DE�LQ�WKH�'LDPRQG�DW�
WKH�PRPHQW��KRZHYHU� WKH�VDPH�FRQFHSWV�DQG�FDOFXODWLRQV�FDQ�EH� WUDQVIHUUHG� WR�DQ\�RWKHU�
PHDVXUHPHQW�HTXLSPHQW��
�
:H�KDYH�GHPRQVWUDWHG�WKDW�ZH�FDQ�UXQ�LQGXFWLRQ�ODEV�LQ�DQ�HIILFLHQW�DQG�VFDODEOH�ZD\�ZLWKRXW�
FRPSURPLVLQJ�VWXGHQWV�OHDUQLQJ��7KLV�KDV�D�SRVLWLYH�HIIHFW�RQ�VWDII�ORDG�DQG�VSDFH�XVDJH��7KH�
VWXGHQWV� OHDUQLQJ�RXWFRPHV� FDQQRW� EH�GLUHFWO\� DQG�QXPHULFDOO\� SURYHG�DV�ZH�GR�QRW� KDYH�
SXUSRVHO\�D�VXPPDWLYH�DVVHVVPHQW�IRU�WKHVH�ODEV��7KH�DLP�RI�WKH�,QGXFWLRQ�ODEV�LV�WR�PDNH�
WKH�VWXGHQWV�DZDUH�RI�KRZ�WR�ZRUN�VDIHO\�DQG�KRZ�WR�DQDO\VH�PHDVXUHPHQWV�DQG�XQFHUWDLQW\���
�
:H�KDYH� µFKHFNLQJ� SRLQWV¶� GXULQJ� WKH� UHVW� RI� WKH� VHPHVWHU��ZKLFK� DOORZV�XV� WR� UHPLQG� WKH�
VWXGHQWV�RI�ZKDW�WKH\�KDYH�GRQH�GXULQJ�WKH�,QGXFWLRQ�ODEV�DQG�DSSO\�WKH�NQRZOHGJH�WR�WKH�FRUH�
ODEV��$OPRVW�HDFK�ODE�DFWLYLW\�LQYROYHV�KD]DUGV��ULVNV��PHDVXUHPHQWV��DQG�HUURUV��7KH�VWXGHQWV�
PXVW�XVH�WKH�5LVN�$VVHVVPHQWV�SURYLGHG�WR�DQVZHU�WKH�SUHODE�TXL]]HV�EDVHG�RQ�WKH�KD]DUGV�
DQG�ULVNV�EHIRUH�WKH�ODE�VHVVLRQ��:KLOH�WDNLQJ�PHDVXUHPHQWV�WKH�VWXGHQWV�PXVW�GR�LW�FRUUHFWO\�
WR� D� VSHFLILF� DFFXUDF\� RI� WKH� HTXLSPHQW� XVHG� DQG� FRQVLGHU� WKH� XQFHUWDLQW\� LQYROYHG� DQG�
SURFHVV�DQ\�GLVFUHSDQFLHV���
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CONCLUSIONS AND FURTHER WORK 
 
,Q�FRQFOXVLRQ�WKH�'LDPRQG�,QWUR�/DEV�KDYH�EHHQ�D�VXFFHVV�IURP�D�SRLQW�RI�YLHZ�RI�VWXGHQW�
SDUWLFLSDWLRQ�DQG�HQJDJHPHQW��VWDII�ZRUNORDG�DQG�GHOLYHU\�HIILFLHQF\��WLPHWDEOH�HIILFLHQF\� LQ�
7DEOH�����7KHVH�ODEV�DUH�IXQ�LQ�DQ�LQVWUXFWLYH�ZD\��JLYLQJ�WKH�VWXGHQWV�DQ�HTXDO�VWDUWLQJ�SRLQW�
UHJDUGLQJ�VDIHW\�DQG�PHDVXUHPHQWV�WHFKQLTXHV��HDV\�WR�VHW�XS�DQG�SURYLGH�WUDLQLQJ�IRU���
�
:H�ZDQW� WR� GR�PRUH� LQ� SURYLGLQJ� VWXGHQWV�ZLWK� RSSRUWXQLWLHV� WR� DFTXLUH� VNLOOV� WKDW� DUH� QRW�
GLUHFWO\�FRQQHFWHG�ZLWK�PRGXOH�RXWFRPHV�DQG�GR�LW�ZLWKRXW�WKH�SUHVVXUH�RI�SDVV�RU�IDLO��'XULQJ�
FRUH� ODEV� WKH� VWXGHQWV� DUH�PRUH� IRFXVHG� RQ� WKH� UHVXOWV� DQG� WKH� OHDUQLQJ� RXWFRPHV� RI� DQ�
H[SHULPHQW�DQG�GR�QRW�KDYH�D�SHUFHSWLRQ�RI�WKH�SDWK�WKH\�KDYH�XVHG�WR�JHW�WKHUH���
�
:H�LQ�0((�DUH�ORRNLQJ�WR�LPSOHPHQW�D�VHW�RI�SUDFWLFDO�VNLOOV�RSSRUWXQLWLHV�VSUHDG�DFURVV�DOO�WKH�
DFDGHPLF�\HDU�WR�VKLIW�WKH�IRFXV�IURP�FRUH�NQRZOHGJH��WKHRUHWLFDO��DQG�FRQFHQWUDWH�PRUH�RQ�
SUDFWLFDO�VNLOOV��EDVLF�&$'��URERWLFV�7XUWOHERW��LQWUR�WR�(	&��EDVLF�S\WKRQ���ZKLFK�FDQ�EH�XVHG�
LQ�FRQMXQFWLRQ�GXULQJ�WKHLU�FRXUVH�EXW�DOVR�IRU�ZRUNLQJ�IXWXUH�H[SHULHQFH��
�
$OVR�� LW� LV�ZRUWK�PHQWLRQLQJ� WKDW� WKHVH� ODEV�DUH� IUHH� WR� WKH�SXEOLF�DQG�DQ\RQH� LQWHUHVWHG� LQ�
GHYHORSLQJ�DQ\�RI�WKHVH�VNLOOV�IRU�WKHLU�FRXUVHV��
 
 
FINANCIAL SUPPORT ACKNOWLEDGEMENTS 
 
7KH�DXWKRUV�UHFHLYHG�QR�ILQDQFLDO�VXSSRUW�IRU�WKLV�ZRUN��
 
�
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3K'�GHJUHH�LQ�&DWDO\WLF�3URFHVVHV�IURP�WKH�8QLYHUVLW\�RI�/LYHUSRRO��6KH�MRLQHG�WKH�0DWHULDOV�
6FLHQFH�DQG�(QJLQHHULQJ�'HSDUWPHQW�DW�WKH�8QLYHUVLW\�RI�6KHIILHOG�LQ�������DIWHU�FRPSOHWLQJ�
KHU� 3'5$� DW� WKH� (365&� 1DWLRQDO� 6HUYLFH� IRU� (OHFWURQ� 3DUDPDJQHWLF� 5HVRQDQFH�
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�
�
Andrew Garrard LV� 3URIHVVRU� RI� (QJLQHHULQJ� (GXFDWLRQ� DQG� +HDG� RI� WKH� 'HSDUWPHQW� RI�
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�
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