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��� 'U���0UV���F��6��*DQD� � � � � � 0HPEHU�
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���� 'U��%DOD�0��'DOKDWX� � � � � � 0HPEHU��
���� 'U��(��5D\PRQG� � � � � � 0HPEHU��
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��� $�'LVFRXUVH�RQ�WKH�,QQRYDWLYH�$VVHVVPHQW�7HFKQLTXHV�IRU�9DOLG�$VVHVVPHQW�LQ�
(GXFDWLRQDO� ,QVWLWXWLRQV� LQ�1LJHULD��,GULV�8PDU�6DUNLQ�%DXFKL�� �6DUDWX�%DZD 	
$EGXOODKL�8VPDQ�/DND��)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD��1LJHULD�� ���

��� �,QQRYDWLYH� $VVHVVPHQW� 7HFKQLTXHV� IRU� 6WXGHQWV¶� $FDGHPLF� 3HUIRUPDQFH� LQ�
,QIRUPDWLRQ� 5HWULHYDO� 6\VWHPV� &RXUVH� LQ� /,7� 'HSDUWPHQW�� )87� 0LQQD�� 1LJHULD��
.DWDPED� $EXEDNDU� 6DND�� $EGXOVDODP� 0RKDPPHG� 0DGDNL�� +DOLPD� 1HQH�
7DXKHHG�� 	� $PLQD� 6DLGX� $EXEDNDU� �)HGHUDO� 8QLYHUVLW\� RI� 7HFKQRORJ\� 0LQQD��
1LJHULD��� � � � � � � � � ������������

��� 8QGHUVWDQGLQJ� 7HDFKHU� /DQJXDJH� DQG� 9LVXDOL]DLRQ� 3URFHVVHV� LQ� $GYDQFLQJ�
0DWKHPDWLFDO� 7KLQNLQJ� LQ� 0XOWLOLQJXDO� &ODVVHV�� &OHPHQFH� &KLNLZD� �(GXFDWLRQ�
'HSDUWPHQW��5KRGHV�8QLYHUVLW\��*UDKDPVWRZQ��6RXWK�$IULFD��� � �����������

��� (IIHFWV� RI� %UDLQVWRUPLQJ� DQG� &RQFHSW� 0DSSLQJ� ,QVWUXFWLRQDO� 6WUDWHJLHV� RQ� -XQLRU�
6HFRQGDU\�6FKRRO�6WXGHQWV¶�6RFLDO�6WXGLHV�$FKLHYHPHQW�DQG�5HWHQWLRQ� LQ�1DVDUDZD�
6WDWH�� $PLQX�� $EXEDNDU� 'DQODGL� 	� 3HWHU� $VKODPH� $JX� �1DVDUDZD� 6WDWH�
8QLYHUVLW\�.HIIL��1LJHULD��� � � � � � � �����������

��� (IIHFW� RI� ,PSURYLVHG� )XUQDFH� RQ� 6WXGHQWV¶� $FKLHYHPHQW� DQG� ,QWHUHVW� LQ� *HQHUDO�
0HWDOZRUN�LQ�7HFKQLFDO�&ROOHJHV�LQ�.DWVLQD�6WDWH��%DOD�.���8PDU��,��<��	�+DVVDQ��
$��0����)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD��1LJHULD��� � � �����������

��� $� &RQFHSWXDO� 3URFHVV� 0RGHO� WR� ,PSURYH� 9RWHUV� 3DUWLFLSDWLRQ� LQ� 1LJHULD� (OHFWLRQ�
$VKLUX� 6LPRQ�� 'DPV� *DEULHO� /D]DUXV� 	� 6DORPH� 'DQMXPD�� �.DGXQD� 6WDWH�
8QLYHUVLW\��.DGXQD��.DGXQD�6WDWH�±�1LJHULD��� � � � ��� ����

��� (IIHFWLYH�8VH�RI�$VVLVWLYH�7HFKQRORJ\�LQ�(PSRZHULQJ�3XSLOV�ZLWK�/HDUQLQJ�'LVDELOLWLHV�
LQ�5HDGLQJ�DQG�:ULWLQJ�LQ�6HOHFWHG�3ULPDU\�6FKRROV�LQ�:XVH��$EXMD��1LJHULD��0RJER��
6FKRODVWLFD� 	� 1ZDFKXNZX�� 1RQ\HOXP� 1MLGHND�� �)HGHUDO� 8QLYHUVLW\� RI�
7HFKQRORJ\�0LQQD��1LJHULD��� � � � � � � �����������

��� ,PSDFW�RI�5HDOLD�,QVWUXFWLRQDO�0DWHULDO�RQ�$FDGHPLF�$FKLHYHPHQW�$PRQJ�6HFRQGDU\�
6FKRRO�%LRORJ\�6WXGHQWV�LQ�/DSDL�0HWURSROLV�RI�1LJHU�6WDWH��.RURND��0��8��6���$OL\X��
1��0���<DNXEX��6��(�� 'XUX��3��7��	�$PLQD�-��<�� �,EUDKLP�%DGDPDVL�%DEDQJLGD�
8QLYHUVLW\��/DSDL��1LJHULD�DQG�)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\�0LQQD��1LJHULD������

��� �$Q�$VVHVVPHQW� RI� 'LVUXSWLYH� ,QQRYDWLRQV� 7UHQGV� LQ� &KDQJLQJ� 5DGLR� WR� 5#'LR� IRU�
(IIHFWLYH�7HDFKLQJ�DQG�/HDUQLQJ�LQ�7HUWLDU\�,QVWLWXWLRQV��0RKDPPHG�'DQWDOD�$OL\X
�'HSDUWPHQW�RI�PDVV�FRPPXQLFDWLRQ��)/$,/$6�NSDNXQJX��PLQQD�1LJHULD���������������

��� $WWLWXGH� RI� &KHPLVWU\� 7HDFKHUV� 7RZDUGV� WKH� 8VH� RI� � 6WUXFWXUHG� 7H[W� $SSURDFK� LQ�
7HDFKLQJ� &KHPLFDO� (TXLOLEULXP�� -LEULQ� $EGXOODKL� 7DQNR� �1DVDUDZD� 6WDWH�
8QLYHUVLW\��.HIIL��1LJHULD��� � � � � � � �����������

��� (IIHFW� RI�&ROODERUDWLYH� ,QVWUXFWLRQDO� 6WUDWHJ\�RQ�6HQLRU� 6HFRQGDU\�6FKRRO� 6WXGHQWV¶�
$FKLHYHPHQW� ,Q� %LRORJ\� LQ� %HQXH� 6WDWH�� 1LJHULD�� 8QD]L�� ,�� (�� 	� 2KL]H�� (�� -��
�1DVDUDZD� 6WDWH� 8QLYHUVLW\�� .HIIL�� 1LJHULD� DQG� )HGHUDO� 8QLYHUVLW\� RI� 7HFKQRORJ\�
0LQQD��1LJHULD��� � � � � � � � ������������
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'HSW��RI�/LEUDU\�,QIRUPDWLRQ�7HFKQRORJ\�
)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\�0LQQD��1LJHULD��

$EVWUDFW�
7KH� VWXG\� LQYHVWLJDWHG� WKH� XVH� RI� LQQRYDWLYH� DVVHVVPHQW� WHFKQLTXHV� IRU� VWXGHQWV¶� DFDGHPLF�
SHUIRUPDQFH� LQ� LQIRUPDWLRQ� UHWULHYDO� FRXUVH�� 'RFXPHQWDU\� VRXUFHV� �7HVW� VFULSWV�� TXL]�� DQG�
UHFRUG� RI� DWWHQGDQFH�� FODVV� SDUWLFLSDWLRQ� DV�ZHOO� DV� H[DPLQDWLRQ� VFULSWV� DQG� DSSURYHG� UHVXOW��
ZHUH�XVHG�WR�FROOHFW�DQG�DQDO\]H�GDWD��6LPSOH�WDEXODWLRQ�DQG�SHUFHQWDJHV�ZHUH�XVHG�WR�IXUWKHU�
DQDO\]H�GDWD��5HVXOWV�VKRZHG�WKDW�VWXGHQWV�SHUIRUPHG�KLJKO\�LQ�FRQWLQXRXV�DVVHVVPHQW��:KLOH�
WKH�RYHUDOO�SHUIRUPDQFH�RI�VWXGHQWV� LQ�WKH�H[DPLQDWLRQ�DQG�WKH�FRXUVH�ZDV�DERYH�DYHUDJH��,W�
ZDV�IXUWKHU�UHYHDOHG�WKDW��WR�KHOS�VWXGHQW�VFRUH�$�JUDGH�����VFRUH�%�JUDGH�ZKLOH�&�JUDGH�ZDV�
REWDLQHG�E\���VWXGHQWV��7KHUH�ZDV�QR�IDLOXUH�LQ�WKH�FRXUVH��,W�ZDV�FRQFOXGHG�WKDW�VWXGHQW�FDQ�
EH�VHOI�UHOLDQW�DIWHU�JUDGXDWLRQ��7KH�VWXG\�UHFRPPHQGHG�WKDW�OHFWXUHU�KDQGOLQJ�UHODWHG�FRXUVHV�
VKRXOG�H[SORUH�XQGHU�LQQRYDWLYH�WHFKQLTXHV�WR�DVVHVV�VWXGHQW¶V�DFDGHPLF�SHUIRUPDQFH��

.H\ZRUGV��� &RQWLQXRXV�DVVHVVPHQW��([DPLQDWLRQ��$FDGHPLF�3HUIRUPDQFH��8QGHUJUDGXDWH��
6WXGHQWV��

,QWURGXFWLRQ�
(GXFDWLRQDO� 6\VWHP� DOO� RYHU� WKH� ZRUOG� KDYH� XQGHUJRQH� UDSLG� FKDQJHV�� 1LJHULD� LV� QRW�
H[FHSWLRQDO��,Q�1LJHULD�� WKHUH�ZDV�SDUDGLJP�VKLIW� IURP��������WR���������V\VWHP�RI�HGXFDWLRQ��
5HJDUGOHVV� RI� DQ\� RI� WKLV� V\VWHPV�� HDFK� LV� FKDUDFWHUL]HG� E\� LQQRYDWLRQV� LQ� WHDFKLQJ� DQG�
DVVHVVPHQW� WHFKQLTXHV�� 7RGD\� WKHUH� LV� D� VKLIW� IURP� OHFWXUH� PHWKRG� WR� HOHFWURQLF� PHWKRG� RI�
WHDFKLQJ� �8VH� RI� SURMHFWRU�� 3RZHU3RLQW�� VOLGHV�� DV� ZHOO� DV� PHWKRG� RI� DVVHVVLQJ� WHDFKHUV�
FRPSHWHQFH�OHYHO�RI�LQVWUXFWLRQDO�GHOLYHU\��VWXGHQW�OHYHO�RI�XQGHUVWDQGLQJ�RI�WHDFKLQJ��

7KH�FRQFHSW�RI�FRQWLQXRXV�DVVHVVPHQW�WR�D�OD\�PDQ�XQGHUVWDQGLQJ�LV�WHVW��DQG�WKH�WUXWK�RI�WKH�
PDWWHU� LV� WKDW� WKH� GHILQLWLRQ� RI� FRQWLQXRXV� DVVHVVPHQW� LV� WKH� UHFRUG� RI� VWXGHQW� SHUIRUPDQFH�
IURP� WKH� EHJLQQLQJ� RI� WHDFKLQJ� D� SDUWLFXODU� FRXUVH�VXEMHFW� WR� WKH� HQG� RI� OHFWXUH� DQG� EHIRUH�
VHPHVWHU��WHUPLQDO�DQG�RU�VHVVLRQDO�H[DPLQDWLRQ���

7KH�FXUUHQW�LQQRYDWLYH�DVVHVVPHQW�LQFOXGHV�EXW�QRW�OLPLWHG�WR�PLG�WHUP�WHVW��WHUP�SDSHU��TXL]��
FODVV�SDUWLFLSDWLRQ��DQG�DWWHQGDQFH��HWF��$OWKRXJK�WKHVH�YDULHV�IURP�LQVWLWXWLRQ�WR�LQVWLWXWLRQ�DQG�
IURP�RQH�OHYHO�RI�HGXFDWLRQ�WR�DQRWKHU��7KH�QHHG�IRU�FRQWLQXRXV�DVVHVVPHQW�RI�VWXGHQW�LV�VSHOW�
RXW� LQ� WKH�1DWLRQDO� 3ROLF\� RI� (GXFDWLRQ� �������� 7KHUH� DUH� WZR� W\SHV� RI� HYDOXDWLRQ�� IRUPDWLYH�
HYDOXDWLRQ� DQG� VXPPDWLYH� HYDOXDWLRQ�� 7KH� IRUPHU� LQ� WKH� DVVHVVPHQW� ZKLFK� WDNHV� SODFH� XQ�
WHUPO\�RU�PRQWKO\�EDVLV�ZKLOH��WKH�ODWHU�WDNHV�SODFH�DW�WKH�HQG�RI�VWXGHQWV¶�SURJUDP�VXFK�DV�RUDO�
GHIHQVH�RI�SURMHFWV�WKHVLV��
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7KH�SHUIRUPDQFH�RI�VWXGHQWV�DW�WKH�HQG�RI�WHUP��VHPHVWHU��VHVVLRQ�RU�SURJUDP�ODUJHO\�GHSHQG�
RQ�WKH�FXPXODWLYH�DVVHVVPHQW�RI�WHVW��FODVV�DWWHQGDQFH�SDUWLFLSDWLRQ��TXL]�WHUP�SDSHU�DQG�HQG�
RI�WHUP�RU�VHPHVWHU�H[DPLQDWLRQ�ZKLFK�DW�WKH�HQG�OHDGV�WR�VWXGHQW�HDUQLQJ�&XPXODWLYH�*UDGH�
3RLQW�$YHUDJH��&*3$��GLVWLQFWLRQ��XSSHU�FUHGLW��ORZHU�FUHGLW�ORZHU�PHULW��DV�WKH�FDVH�RI�GLSORPD�
SURJUDP�ZKLOH�ILUVW�FODVV��VHFRQG�FODVV�XSSHU�DQG�ORZHU��WKLUG�FODVV�DQG�SDVV�GHJUHH�DV�WKH�FDVH�
RI� XQLYHUVLWLHV� LQ� 1LJHULD�� DOWKRXJK� $ML� ������� PDLQWDLQ� WKDW� DFDGHPLF� SHUIRUPDQFH� RI�
XQGHUJUDGXDWH� VWXGHQWV� LV�XVXDOO\� D� IXQFWLRQ�RI�WR� VRPH�H[WHQW�GHSHQGV�RQ�XWLOL]DWLRQ�RI� ,&7�
IDFLOLWLHV�LQ�XQLYHUVLW\�OLEUDULHV��

'HVSLWH� HPSKDVLV� OD\� RQ� FRQWLQXRXV� DVVHVVPHQW�� VRPH� WHDFKHUV� FRQVLGHU� WHVWV� DV� WKH� RQO\�
PHWKRG�RI�DVVHVVLQJ�VWXGHQWV¶�DFDGHPLF�SHUIRUPDQFH�DQG�WKLV�VRPHWLPHV�OHDG�VWXGHQWV¶�KDYLQJ�
ORZ�OHYHO�RI�DFDGHPLF�SHUIRUPDQFH�LQ�VRPH�FRXUVHV�VXEMHFWV��

7KH�PDLQ�REMHFWLYHV�RI� WKLV� VWXG\� LV� WR� LGHQWLI\�YDULRXV� LQQRYDWLYH�DVVHVVPHQW� WHFKQLTXHV�DQG�
XQGHUJUDGXDWH� VWXGHQW¶V� OHYHO� RI� SHUIRUPDQFH� LQ� /,7� ���� �WKUHH� FUHGLW� XQLW�� L�H� LQIRUPDWLRQ�
UHWULHYDO� V\VWHPV�� D� ���� OHYHO���XQLW� FRXUVH� LQ� WKH� GHSDUWPHQW� RI� /LEUDU\� ,QIRUPDWLRQ�
7HFKQRORJ\��)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\�0LQQD�

/LWHUDWXUH�5HYLHZ�
2JXQVDQZR� �������� FRQGXFWHG� D� VWXG\� WR� ILQG� RXW� WKH� GLIIHUHQFHV� DQG� UHODWLRQVKLS� EHWZHHQ�
VWXG\� KDELWV� DQG� DFDGHPLF� SHUIRUPDQFH� RI� ERDUGLQJ� DQG� GD\� VWXGHQWV� LQ� ,EDGDQ�0HWURSROLV��
&RQWLQXRXV�DVVHVVPHQW�VFRUHV�RI�VWXGHQWV�LQ�(QJOLVK�/DQJXDJH�DQG�0DWKHPDWLFV�WHVW�ZHUH�XVHG�
WR�WHVW�WKH�VWXGHQWV¶�DFDGHPLF�SHUIRUPDQFH��7KH�VFRUHV�RI�HDFK�VWXGHQW� LQ�WZR�VXEMHFW� LQ�WKH�
HLJKW�VFKRROV�ZLWKLQ�WKH�PHWURSROLV�ZHUH�FRQYHUWHG�WR�W�VFRUHV��7KH�FR�HIILFLHQW�RI�WKH� OLDELOLW\�
ZDV� ����� PHDQLQJ� WKDW� WKH� VWXG\� KDELW� LQVWUXPHQW� �6+,�� ZDV� GLVFRYHUHG� WR� EH� XVHIXO� DQG�
UHOLDEOH���6DND��������UHSRUWHG�D�SRVLWLYH�LPSDFW�RI�FRQWLQXRXV�DVVHVVPHQW�DQG�H[DPLQDWLRQ�RQ�
WKH� RYHUDOO� DFDGHPLF� DFKLHYHPHQW� RI� ���� OHYHO� VWXGHQWV� LQ� *RYHUQPHQW� 'RFXPHQW� &RXUVH� LQ�
)87�0LQQD��

0HWKRGRORJ\�
'RFXPHQWDU\�DQDO\VLV�RI�&$�UHFRUGV�DQG�PDUNHG�VFULSWV��PRGHUDWHG�DQG�DSSURYHG�UHVXOWV�ZHUH�
XVHG� WR� FROOHFW� GDWD�� 6RUWLQJ� ZDV� GRQH� DFFRUGLQJ� WR� WKH� DVVHVVPHQW� WHFKQLTXHV� XVHG� DQG�
PDUNHG� VFULSWV�� 6LPSOH� FDOFXODWLRQ� LQYROYLQJ� IUHTXHQF\� FRXQWV� DQG� SHUFHQWDJHV�ZHUH� XVHG� WR�
DQDO\]H�WKH�GDWD��7KRXJK�WKHUH�ZDV�DQRQ\PRXV�RQ�VWXGHQWV¶�PDWULFXODWLRQ�QXPEHUV�
5HVXOWV�DQG�'LVFXVVLRQ�
7DEOH����$VVHVVPHQW�7HFKQLTXHV��

6�1� 0DWULF�1R��

&ODVV�
$WWHQGDQF

H�
��PDUNV��

4XL]��
3DUW��

��PDUNV
��

*URXS�
$VVLJQ��

���PDUNV
��

7HVW�
���PDUNV

��

7RWDO�
VFRUH�

���PDUNV�
� ;;;; � � � �� ��
� ;;;; � � � �� ��
� ;;;; � � � �� ��
� ;;;; � � � �� ��
� ;;;; � � � �� ��
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)URP�7DEOH� �� WKH� FROXPQ� RQ�0DWULF� 1XPEHU�ZDV�PDUNHG� ;;;;� VKRZLQJ� DQRQ\PLW\� WKXV� WKH�
VWXGHQWV¶�0DWULF�1XPEHUV�ZHUH�QRW�VKRZQ�WR�FRQVXPHUV�RI�WKH�LQIRUPDWLRQ�LQ�WKLV�SDSHU���
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&RQWLQXRXV�$VVHVVPHQW� LV� QRW� UHVWULFWHG� WR� WHVW� DERYH�� RWKHU� \DUGVWLFNV� DUH� XVHG� WR�PHDVXUH�
VWXGHQWV¶� DFDGHPLF� SHUIRUPDQFH�� 7KHVH� \DUGVWLFNV� LQFOXGH�� DWWHQGDQFH� WR� OHFWXUHV�� FODVV�
SDUWLFLSDWLRQ�� TXL]�� LQGLYLGXDO� DQG� JURXS� DVVLJQPHQW�� WHUP� SDSHU� SUHVHQWDWLRQ�� VHPLQDUV� DQG�
WHVW��,Q�)87�0LQQD�WKH�&�$�LV�����DQG�LV�H[SHFWHG�WR�EH�VSUHDG�ZLWKLQ�RU�VRPH�RI�WKH�DERYH�
OLVWHG�\DUGVWLFNV�IRU�PHDVXULQJ�VWXGHQWV¶�DFDGHPLF�SHUIRUPDQFH��7KH�ZULWHUV�RI�WKLV�SDSHU�ZKR�
LV�DOVR�WKH�OHFWXUHUV�LQ�WKH�GHSDUWPHQW�DQG�WHDFKLQJ�WKH�FRXUVH�UHVSHFWLYHO\�XVHG�WKH�IROORZLQJ�
\DUGVWLFNV�IRU�DVVHVVLQJ�VWXGHQWV¶�DFDGHPLF�SHUIRUPDQFH��WKXV��
� &ODVV�DWWHQGDQFH�� � ������

4XL]�&ODVV�SDUWLFLSDWLRQ� ������
*URXS�$VVLJQPHQW�� � �������
7HVW�� � � � �������
7RWDO�� � � � �������

)URP�WKH�7DEOH��DOO�WKH����VWXGHQWV�PHW�WKH�����DWWHQGDQFH�UHTXLUHPHQW�DQG�HDFK�HDUQHG�WKH�
���DOORFDWHG� WR� OHFWXUH� DWWHQGDQFH�� 7KH� VFRUH�ZDV� JHQHUDWHG� IURP� WKH� VHULHV� RI� DWWHQGDQFH�
WDNHQ� DQG� FRQWDLQHG� LQ� WKH� GRFXPHQWV� WLWOHG�� ³DWWHQGDQFH� VKHHW´�� 'XULQJ� HDFK� OHFWXUH�
DWWHQGDQFH�VKHHW�LV�SDVVHG�DURXQG�DQG�UROO�FDOO�WDNHQ�DW�WKH�HQG�RI�OHFWXUHV��$W�WKH�HQG�RI�WKH�
FRXUVH�OHFWXUH�WKH�DWWHQGDQFH�OLVW�DUH�DVVHPEOHG�DQG�HDFK�VWXGHQW�DWWHQGDQFH�ZDV�GHWHUPLQHG��
6HULHV�RI�TXL]�ZHUH�DGPLQLVWHUHG�RQ�VWXGHQWV�DW�WKH�EHJLQQLQJ�PLGGOH�DQG�HQG�RI�OHFWXUHV�DQG�LV�
XVXDOO\� �� PLQXWHV� WKH� HVVHQFH� RI� DGPLQLVWHULQJ� TXL]� LV� WR� FKHFN� UHJXODULW\� RI� VWXGHQWV� WR�
OHFWXUHV�� DVVHVV� VWXGHQWV¶� ,QWHOOLJHQW� 4XRWLHQWV� �,4�� OHYHO� DV� ZHOO� DV� PDNLQJ� OHDUQLQJ� PRUH�
SHUPDQHQW�RQ�VWXGHQWV��*RLQJ�WKURXJK�WKH�VFULSWV�DQG�UHFRUGV�RI�FODVV�SDUWLFLSDWLRQ�DOO�WKH����
VWXGHQWV�PHW�XS�WKH�UHTXLUHPHQWV�DQG�HDFK�HDUQHG�WKH�����7KH�OHFWXUHU�DVVLJQHG�JURXSHG�WKH�
���VWXGHQWV�LQWR�ILYH�����JURXSV�DQG�JDYH�WKHP�DVVLJQPHQW�RQ�³FRPSLODWLRQ�RI�FLWDWLRQ�LQGH[�RI�
667(�FRQIHUHQFH�SURFHHGLQJV�RI������������������������DQG�����´��(DFK�JURXS�ZDV�DVVLJQHG�
D�\HDU�SURFHHGLQJ�DQG�DEOH� WR�PHHW� WKH�UHTXLUHPHQW�E\�QRW�RQO\�FRPSLOLQJ� WKH�FLWDWLRQ� LQGH[�
EXW�DOVR�W\SH�DQG�VDYH�WKH�GRFXPHQW�RQ�&RPSDFW�'LVN��&'���$IWHU�WKRURXJK�H[DPLQDWLRQ�RI�WKH�
GRFXPHQWV�HDFK�JURXS�VFRUHG����RXW�RI������'DWD�RQ� WKH� ODVW�FROXPQ�VKRZHG�YDULDWLRQV� LQ�
WKH�PDUN�VFRUHV�LQ�����WHVW�DPRQJ�WKH�ILQDO�\HDU�XQGHUJUDGXDWH�VWXGHQWV�RIIHULQJ�WKH�FRXUVH��
7KH� KLJKHVW� VFRUH� LQ� WKH� WHVW� ZDV� ���PDUN� DQG� ILYH� ���� VWXGHQWV� DFFRXQWHG� IRU� WKH� KLJKHVW�
VFRUH��7KLV�ZDV�IROORZHG�E\�HLJKW�����VWXGHQWV�ZLWK�HDFK�VFRULQJ����PDUNV��6L[�VWXGHQWV�VFRUHG�
��PDUNV�DQG�WKH�ORZHVW�VFRUH�RI���PDUNV�ZDV�IURP�RQH�VWXGHQW��7KH�REVHUYDWLRQ�IURP�WKH�VFRUH�
ZDV�WKDW�VWXGHQWV�GLG�QRW�H[SHFW�TXHVWLRQ�IURP�WKH�DVSHFW�RI�WKH�³W\SH�RI�VXEMHFW�LQGH[´��7KLV�
ZDV�EDVHG�RQ�IULHQGO\�LQWHUDFWLRQ�ZLWK�WKH�VWXGHQWV�LQ�RQH�RI�WKH�OHFWXUHV�DIWHU�WKH�WHVW��
7KH� FXPXODWLYH� &�$� UHVXOW� VKRZHG� WKDW� WKH� DFDGHPLF� SHUIRUPDQFH� RI� VWXGHQWV� ZDV� KLJKO\�
LPSUHVVLYH�DV�WKH�UDQJH�VFRUH�ZDV�EHWZHHQ����DQG����PDUNV���

7DEOH����([DPLQDWLRQ�4XHVWLRQV�DQG�VFRUHV����
6�1� 4XHVWLRQV� 6FRUHV�E\�

6WXGHQWV�
��

&RPSXOVRU\

D� :KDW�GR�
\RX�XQGHUVWDQG�E\�LQGH[LQJ�ODQJXDJH�DQG�LQGH[LQJ�
SURFHVV"��

E� 6KRZ�WKH�
UHODWLRQVKLS�DQG�DUHD�RI�GHPDUFDWLRQ�EHWZHHQ�&DWDORJXH�
DQG�%LEOLRJUDSK\��

F� +RZ�FDQ�
\RX�DV�D�/LEUDULDQ�DVVLVW�XVHUV�WR�VHDUFK�DQG�UHWULHYH�
LQIRUPDWLRQ�IURP�RQOLQH�GDWDEDVH�XVLQJ�$1'��25��127

�������������������
�����������������
����VWXGHQWV��
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G� ,Q�D�SRRO�RI�
WKH�FROOHFWLRQ�RI�����UHOHYDQW�GRFXPHQWV��D�VHDUFKHU�ZDV�
DEOH�WR�UHWULHYH����RI�VXFK�GRFXPHQWV��,Q�DQRWKHU�ZD\�
URXQG������GRFXPHQWV�ZHUH�UHWULHYHG�E\�WKH�V\VWHP�RXW�
RI�ZKLFK����RI�WKHP�ZHUH�UHOHYDQW��
L� &DOFXODWH�

WKH�UHFDOO�UDWLR�DQG�SUHFLVLRQ�UDWLR�
LL� :KDW�GR�

\RX�XQGHUVWDQG�E\�5HFDOO�UDWLR�DQG�3UHFLVLRQ�UDWLR�
LQ�LQIRUPDWLRQ�UHWULHYDO�V\VWHPV"�

����PDUNV�
��� ,Q�DQ�LQIRUPDWLRQ�EDVHG�LQGXVWU\��DEVWUDFWV�DQG�LQGH[HV�DUH�

YHU\�FUXFLDO�WR�WKH�UHVHDUFK�QHHGV�RI�XVHUV��+RZ�FDQ�\RX�DV�
D�OLEUDULDQ�VXFFLQFWO\�SURGXFH�WKHVH�YLWDO�WRROV�VR�DV�WR�PHHW�
XVHU¶V�UHVHDUFK�QHHGV"�

����PDUNV�

���������������������
������������
����VWXGHQWV��

�� :LWK�WKH�DLG�RI�FRQFUHWH�H[DPSOHV�DQG�LOOXVWUDWLRQV��
VXFFLQFWO\�H[SODLQ�DQ\�),9(�����W\SHV�RI�VXEMHFW�LQGH[HV�WKDW�
DUH�SURGXFHG�DQG�XVHG�LQ�WKLUG�ZRUOG�OLEUDULHV����

����PDUNV�

������������������
��������������
����VWXGHQWV���

� D� &UHDWH�
ERUGHUOLQHV�DPRQJ�'DWD��'DWDEDVH�DQG�'DWDEDVH�
0DQDJHPHQW�6\VWHPV��

E� 6XFFLQFWO\�
H[SODLQ�E\�FDWHJRUL]DWLRQ�WKH�GDWDEDVHV�DQG�GDWDEDVH�
PDQDJHPHQW�V\VWHPV��

������ ���������
�������������
����VWXGHQWV��

� D� $EVWUDFWV�
VHUYHV�DV�PLUURU�WR�IXOO�WH[W�DQG�LQWHOOHFWXDO�FRQWHQW�RI�
FROOHFWLRQ�LQ�OLEUDU\�DQG�LQIRUPDWLRQ�FHQWUHV�GHSHQGLQJ�
RQ�WKHLU�JURXSV�JURXSLQJV��&ULWLFDOO\�EXW�LQ�D�VWHS�E\�
VWHS�RUGHU�DFFRXQW�IRU�WKHLU�JURXSLQJV��

����PDUNV�

�����������

����VWXGHQWV���

�� 3URYLGH�IXOO�H[SODQDWRU\�QRWHV�RQ�WKH�IROORZLQJ�ZLWK�VSHFLDO�
HPSKDVLV�RQ�WKHLU�UHOHYDQF\�LQ�WKH�LQIRUPDWLRQ�UHWULHYDO�
V\VWHPV��
D� %RROHDQ�

RSHUDWRUV�DQG�23$&����PDUNV��
E� 1DWLRQDO�DQG�

7UDGH�%LEOLRJUDSK\����PDUNV��
F� /DQJXDJH�

XVHG�LQ�SUHSDULQJ�D�QDPHG�VHDUFK�WRRO������PDUNV��
G� ,QGH[LQJ�

FRRUGLQDWH�V\VWHP�����PDUNV��

��PDUNV�IRU�JRRG�DQG�ORJLFDO�SUHVHQWDWLRQ�RI�LGHDV�
����PDUNV�

������������������
���������
����VWXGHQWV��
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([DPLQDWLRQ� FDUULHV�����DQG� VLQFH� LW� LV� ��XQLW� FRXUVH� VL[�TXHVWLRQV�DUH� VHW� DQG� VWXGHQWV� DUH�
H[SHFWHG�WR�IRXU�TXHVWLRQV��7DEOH���ZDV�RQ�VL[�H[DPLQDWLRQ�TXHVWLRQV�DQG�IUHTXHQF\�RI�VFRUHV�
E\� VWXGHQWV� LQ� TXHVWLRQV� ���������	� �� UHVSHFWLYHO\�� (DFK� TXHVWLRQ� FDUULHV� ���PDUNV� DQG� WKDW�
TXHVWLRQ� QXPEHU� �� LV� FRPSXOVRU\� IRU� DOO� VWXGHQWV� WR� DQVZHU�� 7KH� LQWHUSUHWDWLRQ� RI� WKH� VFRUH�
VKRZHG�WKDW��
.H\

��� ���VWXGHQWV��HDFK�VFRUH���PDUNV��
��� ���VWXGHQWV��HDFK�VFRUH���PDUNV�
��� ���VWXGHQWV��HDFK�VFRUH���PDUNV��
��� ���VWXGHQWV��HDFK�VFRUH���PDUNV�
��� ���VWXGHQWV��HDFK�VFRUH���PDUNV���
��� ���VWXGHQWV��HDFK�VFRUH���PDUNV��
��� ���VWXGHQWV��HDFK�VFRUH���PDUNV��
��� ���VWXGHQWV��HDFK�VFRUH���PDUNV��
��� ���VWXGHQWV��HDFK�VFRUH���PDUNV��
��� ���VWXGHQWV��HDFK�VFRUH���PDUNV��
��� ���VWXGHQWV��HDFK�VFRUH���PDUNV��
���� ���VWXGHQWV��HDFK�VFRUH����PDUNV��
���� ���VWXGHQWV��HDFK�VFRUH����PDUNV��
���� ���VWXGHQWV��HDFK�VFRUH����PDUNV��
���� ���VWXGHQWV��HDFK�VFRUH����PDUNV��
����� ����VWXGHQWV��HDFK�VFRUH����PDUNV��
����� ����VWXGHQWV��HDFK�VFRUH����PDUNV��
���� ���VWXGHQWV��HDFK�VFRUH����PDUNV��
���� ���VWXGHQWV��HDFK�VFRUH����PDUNV��
���� ���VWXGHQWV��HDFK�VFRUH����PDUNV��
���� ���VWXGHQWV��HDFK�VFRUH����PDUNV��

7KH�RYHUDOO�REVHUYDWLRQ�IURP�WKH�WDEOH�ZDV�WKDW�WKH�KLJKHVW�PDUN�VFRUHG�ZDV����E\�RQH�VWXGHQW�
WKDW�DQVZHU�TXHVWLRQ���ZKLFK�ZDV�RQ�ILYH�W\SHV�RI�VXEMHFW� LQGH[HV�SURGXFHG�DQG�XVHG�E\�WKH�
WKLUG�ZRUOG� OLEUDULHV�DQG�WKXV�ZDV�IROORZHG�E\����PDUNV�VFRUH�E\�WZR�VWXGHQWV�WKDW�DQVZHUHG�
TXHVWLRQ� QXPEHUV� �� DQG� �� ZKLFK� ZHUH� RQ� LQGH[LQJ� ODQJXDJH� DQG� SURFHVVHV�� FDWDORJXH� DQG�
ELEOLRJUDSK\�� %RROHDQ� RSHUDWRUV�� UHFDOO� DQG� SUHFLVLRQ� UDWLR� DV� ZHOO� DV� GDWD�� GDWDEDVH�� '%0�
UHVSHFWLYHO\���

7DEOH����2YHUDOO�6WXGHQWV¶�3HUIRUPDQFH�LQ�/,7�����FRXUVH��
7DEOH���VKRZHG�VWXGHQWV¶�FXPXODWLYH�SHUIRUPDQFH�LQ�FRQWLQXRXV�DVVHVVPHQW�DQG�VHPHVWHU�
H[DPLQDWLRQ�RI�����������VHVVLRQ��
6�1 0DWULF�1R &$ ([DP 7RWDO *UDGH 5HPDUN
� ;;;; �� �� �� & 3DVVHG
� ;;;; �� �� �� & 3DVVHG
� ;;;; �� �� �� $ 3DVVHG
� ;;;; �� �� �� & 3DVVHG
� ;;;; �� �� �� % 3DVVHG
� ;;;; �� �� �� $ 3DVVHG
� ;;;; �� �� �� % 3DVVHG
� ;;;; �� �� �� $ 3DVVHG
� ;;;; �� �� �� % 3DVVHG
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�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� $ 3DVVHG
�� ;;;; �� �� �� $ 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� $ 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� $ 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� $ 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� $ 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� $ 3DVVHG
�� ;;;; �� �� �� & 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� & 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� & 3DVVHG
�� ;;;; �� �� �� & 3DVVHG
�� ;;;; �� �� �� $ 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� $ 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� % 3DVVHG
�� ;;;; �� �� �� & 3DVVHG
�� ;;;; �� �� �� % 3DVVHG

*UDGHV� ZHUH� EDVHG� RQ� WKH� FRQVLGHUDWLRQ� RI� UHVXOWV� DW� GHSDUWPHQW� DQG� 6FKRRO� %RDUG��
2EVHUYDWLRQ� IURP� WKH� WDEOH� VKRZHG� WKDW� WKH� VWXGHQWV¶� SHUIRUPDQFH� LQ� ERWK� &RQWLQXRXV�
$VVHVVPHQW��&�$��DQG�H[DPLQDWLRQ�ZDV�HQFRXUDJLQJ�WKRXJK�ZLWK�H[FHSWLRQ�RI�D�6HULDO�1XPEHU�
�6�1�� �� VWXGHQWV�� DOO� RWKHU� ��� VWXGHQWV¶� SHUIRUPDQFH�ZDV� H[DPLQDWLRQ� LQ� KLJKHU� WKDQ� WKDW� RI�
&�$�� 7KLV�PD\�EH� DFFRXQWHG� IRU� KLJK� OHYHORI�SUHSDUDWLRQ� DQG�RU� VHULRXVQHVV� IRU� H[DPLQDWLRQ��
7KH�RYHUDOO�SHUIRUPDQFH�LQ�/,7����FRXUVH�VKRZHG�WKDW����VWXGHQWV�REWDLQHG�EHWZHHQ�����DQG�
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����L�H��$�JUDGH��ZKLOH����RI�WKH�VWXGHQWV�REWDLQHG�EHWZHHQ�����DQG�����L�H��%�JUDGH��7KH�
WDEOH� UHYHDOHG� WKDW�HLJKW�VWXGHQWV�REWDLQHG�&�JUDGH�DQG�VFRUHV�ZHUH�EHWZHHQ�����DQG�����
UHVSHFWLYHO\��7KH�VXPPDU\�DQDO\VLV�RI�WKH�VFRUHV�LQ�WKH�7DEOH���EHORZ��
7DEOH����6XPPDU\�$QDO\VLV�RI�6FRUHV��

0DUN�5DQJH� *UDGH� )UHTXHQF\�
���± ��� $ ��
���± ��� %� ���
���± ��� &� ���

7RWDO�� $��%��	�&� ���
'�(��	�) 1RQH�

'LVFXVVLRQ�RI�0DMRU�)LQGLQJV��
)URP� WKH� GDWD� DQDO\VLV� RI� DVVHVVPHQW� WHFKQLTXHV�� LW�ZDV� GLVFRYHUHG� WKDW� ��� VWXGHQWV� LQ� ����
OHYHO�JHQHUDOO\�SHUIRUP�KLJK�ZLWK�KLJKHVW�VFRUH�RI�����DQG�WKH�ORZHVW�RI�����RXW�RI�WKH�WRWDO�
���� UHVSHFWLYHO\�� 6WXGHQW¶V� SHUIRUPDQFH� LW� WHVWV�ZDV� QRW� HQFRXUDJLQJ� DV� �� RI� WKHP�SHUIRUP�
EHORZ�DYHUDJH��7KH�RYHUDOO�ILQGLQJV�FRUURERUDWH�WKDW�RI�2JXQVDQZR��������ZKR�GLVFRYHUHG�WKH�
UHOLDELOLW\�FRHIILFLHQW�RI������IRU�VHFRQGDU\�VFKRRO�VWXGHQWV�ZLWKLQ�,EDGDQ�0HWURSROLV��

2Q�WKH�H[DPLQDWLRQ�VFRUHV�LQ�UHVSHFW�WR�TXHVWLRQV�DQVZHU�VKRZHG�WKDW�WKH�RYHUDOO�SHUIRUPDQFH�
RI�����OHYHO�VWXGHQWV�ZDV�DERYH�DYHUDJH��,W�LV�QRW�VXUSULVLQJ�DVV�VWXGHQWV�ZHUH�DEOH�WR�UHYLYH�
WKH�WHVW�VFULSWV�DQG�WKH�HQWLUH�OHFWXUH�QRWH��7KLV�ILQGLQJV�LV�LQ�OLQH�ZLWK�WKDW�RI�6DND���������ZKR�
GLVFRYHUHG� SRVLWLYH� LPSDFW� RI� FRQWLQXRXV� DVVHVVPHQW� DQG� H[DPLQDWLRQ� RQ� RYHUDOO� DFDGHPLF�
DFKLHYHPHQW�RI�����OHYHO�VWXGHQWV�LQ�*RYHUQPHQW�'RFXPHQW�&RXUVH��

&RQFOXVLRQ�
:LWK�KLJK�SHUIRUPDQFH�RI�VWXGHQW�LQ�/,7������VKRZHG�WKDW�VWXGHQW�FDQ�SHUIRUP�ZHOO�QR�RQO\�LQ�
ODERXU�PDUNHW�EXW�DOVR�WR�EH�VHOI�UHOLDQW�DIWHU�JUDGXDWLRQ��

5HFRPPHQGDWLRQ�
/HFWXUHUV�KDQGOLQJ�UHODWHG�FRXUVHV�FDQ�H[SORUH�RWKHU�LQQRYDWLYH�WHFKQLTXHV�WR�DVVHVV�VWXGHQWV¶�
DFDGHPLF�SHUIRUPDQFH��

5HIHUHQFH�
$ML�� .�2� �������� ,QIOXHQFH� RI� WKH� 8VH� RI� ,&7� )DFLOLWLHV� RQ� $FDGHPLF� 3HUIRUPDQFH� RI�

8QGHUJUDGXDWH� 6WXGHQWV� LQ� 8QLYHUVLW\� /LEUDULHV� LQ� )HGHUDO� &DSLWDO� 7HUULWRU\�� $EXMD��
1LJHULD���8QSXEOLVKHG�0��7HFK�7KHVLV���)HGHUDO�8QLYHULVW\�RI�7HFKQRORJ\�0LQQD��1LJHULD��

)HGHUDO� 5HSXEOLF� RI� 1LJHULD� �������� 1DWLRQDO� 3ROLF\� RQ� (GXFDWLRQ� $EXMD�� 1LJHULDQ� (GXFDWLRQDO�
5HVHDUFK�DQG�'HYHORSPHQW�&RXQFLO��

)HGHUDO� 8QLYHUVLW\� RI� 7HFKQRORJ\� 0LQQD�� 'HSDUWPHQW� RI� /LEUDU\� ,QIRUPDWLRQ� 7HFKQRORJ\�
$FDGHPLF�%ULHI�����������

)HGHUDO� 8QLYHUVLW\� RI� 7HFKQRORJ\� 0LQQD�� 'HSDUWPHQW� RI� /LEUDU\� ,QIRUPDWLRQ� 7HFKQRORJ\��
&RQWLQXRXV�$VVHVVPHQW�DQG�([DPLQDWLRQ�6FULSWV�/,7�������������
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2JXQVDQZR�� 0�$� �������� 6WXG\� +DELWV� DQG� $FDGHPLF� $FKLHYHPHQW� RI� %RDUGLQJ� DQG� 'D\�
6WXGHQWV¶� RI� 2\R� 6WDWH� VHFRQGDU\� 6FKRROV�� ,QWHQWLRQDO� -RXUQDO� RI� /DERXU� DQG� 7UDGH�
8QLRQLVP�����������������

6DND�.�$���������,PSDFW�RI�FRQWLQXRXV�$VVHVVPHQW�DQG�([DPLQDWLRQ�RQ�WKH�2YHUDOO�$FDGHPLF�
$FKLHYHPHQWV�RI�8QGHUJUDGXDWH�6WXGHQWV�LQ�*RYHUQPHQW�'RFXPHQW�&RXUVH�LQ�D�1LJHULDQ�
/LEUDU\�6FKRRO��,QWHUQDWLRQDO�-RXUQDO�RI�/LEUDU\�6FLHQFH�DQG�5HVHDUFK�����������������


