
3URFHHGLQJV�RI�WKH���UG�$QQXDO�0HHWLQJ�RI�30(�1$�

²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²�
2ODQRII��'���-RKQVRQ��.���	�6SLW]HU��6����������3URFHHGLQJV�RI�WKH�IRUW\�WKLUG�DQQXDO�PHHWLQJ�RI�WKH�1RUWK�$PHULFDQ�
&KDSWHU�RI�WKH�,QWHUQDWLRQDO�*URXS�IRU�WKH�3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ��3KLODGHOSKLD��3$��
 

���

9$/,'$7,1*�$1�$66(660(17�2)�678'(176¶�&29$5,$7,21$/�5($621,1*�
�

+HDWKHU�/\QQ�-RKQVRQ�
&8�'HQYHU�

KHDWKHU�MRKQVRQ#XFGHQYHU�HGX�

*DU\�2OVRQ�
&8�'HQYHU�

JDU\�ROVRQ#XFGHQYHU�HGX�

$P\�6PLWK�
&8�'HQYHU�

DP\�O��VPLWK#XFGHQYHU�HGX�

$PEHU�*DUGQHU�
$GDPV����6FKRRO�'LVWULFW�
DJDUGQHU#DGDPV���RUJ�

;LQ�:DQJ�
50&�5HVHDUFK�

ZDQJ#UPFUHV�FRP�

&RXUWQH\�'RQRYDQ�
&8�'HQYHU�

FRXUWQH\�GRQRYDQ#XFGHQYHU�HGX�

,Q�WKLV�PL[HG�PHWKRGV�VWXG\��ZH�YDOLGDWHG�D�IXOO\�RQOLQH�DVVHVVPHQW�RI�VWXGHQWV¶�FRYDULDWLRQDO�
UHDVRQLQJ��:H�FRPELQHG�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV�WR�DQDO\]H����UHVSRQVHV�IURP�
XQGHUJUDGXDWH�FROOHJH�DOJHEUD�VWXGHQWV�GXULQJ�LQGLYLGXDO�WDVN�EDVHG�LQWHUYLHZV��2XU�ILQGLQJV�
ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��VWXGHQWV¶�WRWDO�QXPEHU�RI�LWHPV�FRUUHFW�FRXOG�EH�H[SODLQHG�E\�WKHLU�
HYLGHQFH�RI�FRYDULDWLRQDO�UHDVRQLQJ��:H�FRQFOXGH�ZLWK�GLVFXVVLRQ�RI�RXU�ZRUN�PRYLQJ�IRUZDUG��

.H\ZRUGV��$VVHVVPHQW��7HFKQRORJ\��$OJHEUD�DQG�$OJHEUDLF�7KLQNLQJ�

&RYDULDWLRQDO�UHDVRQLQJ�LV�D�KLJK�OHYHUDJH�IRUP�RI�UHDVRQLQJ��ZKLFK�FDQ�IRVWHU�VWXGHQWV¶�
XQGHUVWDQGLQJ�RI�NH\�PDWKHPDWLFDO�FRQFHSWV��VXFK�DV�UDWH�DQG�IXQFWLRQ��&DUOVRQ��������
7KRPSVRQ�	�&DUOVRQ���������)XQFWLRQ�LV�FHQWUDO�WR�WKH�XQGHUJUDGXDWH�FROOHJH�DOJHEUD�
FXUULFXOXP��KHQFH��SURPRWLQJ�VWXGHQWV¶�FRYDULDWLRQDO�UHDVRQLQJ�GRYHWDLOV�ZLWK�WKH�JRDOV�RI�WKH�
FRXUVH��2OVRQ�	�-RKQVRQ���������7KH�PL[HG�PHWKRGV�VWXG\�ZH�UHSRUW�LV�SDUW�RI�D�ODUJHU�UHVHDUFK�
SURMHFW�GHVLJQHG�WR�SURPRWH�FROOHJH�DOJHEUD�VWXGHQWV¶�HQJDJHPHQW�LQ�FRYDULDWLRQDO�UHDVRQLQJ��

:H�H[SODLQ�KRZ�ZH�YDOLGDWHG�D�IXOO\�RQOLQH�DVVHVVPHQW�RI�VWXGHQWV¶�FRYDULDWLRQDO�UHDVRQLQJ��
&RPELQLQJ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV��ZH�DQDO\]HG����UHVSRQVHV�IURP�XQGHUJUDGXDWH�
FROOHJH�DOJHEUD�VWXGHQWV�WDNLQJ�SDUW�LQ�LQGLYLGXDO��WDVN�EDVHG�LQWHUYLHZV��2XU�ILQGLQJV�ZHUH�
VWDWLVWLFDOO\�VLJQLILFDQW��VWXGHQWV¶�WRWDO�QXPEHU�RI�LWHPV�FRUUHFW�FRXOG�EH�H[SODLQHG�E\�HYLGHQFH�RI�
WKHLU�FRYDULDWLRQDO�UHDVRQLQJ��:H�FRQFOXGH�ZLWK�GLVFXVVLRQ�RI�RXU�ZRUN�PRYLQJ�IRUZDUG��

�
7KHRUHWLFDO�DQG�&RQFHSWXDO�%DFNJURXQG�

:H�JURXQG�WKH�FRQVWUXFW�RI�FRYDULDWLRQDO�UHDVRQLQJ�LQ�7KRPSVRQ¶V�WKHRU\�RI�TXDQWLWDWLYH�
UHDVRQLQJ��7KRPSVRQ���������ZKLFK�H[SODLQV�KRZ�LQGLYLGXDOV�FDQ�FRQFHLYH�RI�DWWULEXWHV�RI�
REMHFWV�DV�EHLQJ�SRVVLEOH�WR�PHDVXUH��)RU�H[DPSOH��FRQVLGHU�D�WR\�FDU�PRYLQJ�DURXQG�D�VTXDUH�
WUDFN��7KHUH�DUH�D�YDULHW\�RI�DWWULEXWHV�WR�ZKLFK�VWXGHQWV�PLJKW�DWWHQG��VXFK�DV�WKH�WR\�FDU¶V�WRWDO�
GLVWDQFH�WUDYHOHG�DURXQG�WKH�WUDFN�RU�WKH�WR\�FDU¶V�GLVWDQFH�IURP�D�FHQWHU�SRLQW��$�VWXGHQW�
HQJDJLQJ�LQ�TXDQWLWDWLYH�UHDVRQLQJ�FRXOG�FRQFHLYH�RI�WKH�DWWULEXWHV�DV�SRVVLEOH�WR�PHDVXUH��
7KRPSVRQ��������FDOOV�VXFK�D�FRQFHSWLRQ�D�³TXDQWLW\�´�)RU�LQVWDQFH��D�VWXGHQW�PD\�PDUN�RII�
OHQJWKV�RI�VWULQJ�WR�PHDVXUH�RQH�RI�WKH�GLVWDQFHV��7R�HQJDJH�LQ�TXDQWLWDWLYH�UHDVRQLQJ��LW�LV�
VXIILFLHQW�IRU�VWXGHQWV�WR�FRQFHLYH�RI�WKH�SRVVLELOLW\�RI�VXFK�PHDVXUHPHQW��WKH\�PD\�RU�PD\�QRW�
GR�WKH�PHDVXULQJ�LWVHOI��

%\�YDULDWLRQDO�UHDVRQLQJ��ZH�PHDQ�VWXGHQWV¶�FRQFHSWLRQV�RI�D�VLQJOH�DWWULEXWH�WKDW�LV�QRW�RQO\�
SRVVLEOH�WR�PHDVXUH��EXW�DOVR�FDSDEOH�RI�YDU\LQJ��7KRPSVRQ�	�&DUOVRQ���������)RU�H[DPSOH��D�
VWXGHQW�FRXOG�FRQFHLYH�RI�WKH�WR\�FDU¶V�GLVWDQFH�IURP�D�FHQWHU�SRLQW�DV�LQFUHDVLQJ�DQG�GHFUHDVLQJ��
DV�WKH�FDU�PRYHV�DURXQG�WKH�WUDFN��%\�FRYDULDWLRQDO�UHDVRQLQJ��ZH�PHDQ�VWXGHQWV¶�FRQFHSWLRQV�RI�
UHODWLRQVKLSV�EHWZHHQ�DWWULEXWHV�WKDW�DUH�FDSDEOH�RI�YDU\LQJ�DQG�SRVVLEOH�WR�PHDVXUH��&DUOVRQ�HW�
DO���������7KRPSVRQ�	�&DUOVRQ���������)RU�H[DPSOH��D�VWXGHQW�FRXOG�FRQFHLYH�RI�D�UHODWLRQVKLS�
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EHWZHHQ�WKH�GLIIHUHQW�GLVWDQFHV��IRU�LQVWDQFH��WKH�WR\�FDU¶V�GLVWDQFH�DURXQG�WKH�WUDFN�FRQWLQXHV�WR�
LQFUHDVH�ZKLOH�WKH�WR\�FDU¶V�GLVWDQFH�IURP�WKH�FHQWHU�SRLQW�LQFUHDVHV�DQG�GHFUHDVHV���

6WXGHQWV¶�YDULDWLRQDO�DQG�FRYDULDWLRQDO�UHDVRQLQJ�LQWHUWZLQH�ZLWK�WKHLU�FRQFHSWLRQV�RI�ZKDW�
&DUWHVLDQ�JUDSKV�UHSUHVHQW��-RKQVRQ�HW�DO����������)RU�H[DPSOH��D�VWXGHQW�HQJDJLQJ�LQ�
FRYDULDWLRQDO�UHDVRQLQJ�FRXOG�LQWHUSUHW�D�JUDSK�DV�UHSUHVHQWLQJ�D�UHODWLRQVKLS�EHWZHHQ�TXDQWLWLHV��
VXFK�DV�WR\�FDU¶V�WRWDO�GLVWDQFH�WUDYHOHG�DQG�GLVWDQFH�IURP�WKH�FHQWHU��<HW�VWXGHQWV�PD\�FRQFHLYH�
RI�JUDSKV�DV�UHSUHVHQWLQJ�WKH�PRWLRQ�RI�DQ�REMHFW��.HUVODNH��������RU�D�OLWHUDO�GHSLFWLRQ�RI�DQ�
REMHFW��/HLQKDUGW�HW�DO����������)RU�H[DPSOH��VWXGHQWV�PD\�FRQFHLYH�RI�D�JUDSK�RI�WKH�WR\�FDU�
VLWXDWLRQ�DV�UHSUHVHQWLQJ�WKH�PRWLRQ�RI�WKH�WR\�FDU�DURXQG�D�WUDFN�RU�DV�WKH�OLWHUDO�WUDFN�LWVHOI��

'UDZLQJ�RQ�3LDJHW¶V�WKHRU\��0RRUH�HW�DO���������GLVWLQJXLVKHG�EHWZHHQ�LQGLYLGXDOV¶�
ILJXUDWLYH�DQG�RSHUDWLYH�WKLQNLQJ�ZKHQ�VNHWFKLQJ�DQG�LQWHUSUHWLQJ�&DUWHVLDQ�JUDSKV��DV�ZHOO�DV�
JUDSKV�ZLWK�XQFRQYHQWLRQDO�FRRUGLQDWH�V\VWHPV��,QGLYLGXDOV�ZKR�FRQFHLYHG�RI�JUDSKV�DV�
UHSUHVHQWLQJ�OLWHUDO�PRWLRQ�RU�GHSLFWLRQV�RI�REMHFWV�ZRXOG�HQJDJH�LQ�ILJXUDWLYH�WKLQNLQJ��,Q�
FRQWUDVW��LQGLYLGXDOV�ZKR�FRQFHLYHG�RI�JUDSKV�LQ�WHUPV�RI�TXDQWLWLHV�DQG�UHODWLRQVKLSV�ZRXOG�
HQJDJH�LQ�RSHUDWLYH�WKLQNLQJ��

-RKQVRQ�HW�DO���������GHYHORSHG�D�IRXU�LWHP�FRGLQJ�IUDPHZRUN�LQ�ZKLFK�WKH\�PDGH�
GLVWLQFWLRQV�EHWZHHQ�VWXGHQWV¶�FRQFHSWLRQV�RI�ZKDW�JUDSKV�UHSUHVHQW��&RYDULDWLRQ��&29���
9DULDWLRQ��9$5���0RWLRQ��02���DQG�,FRQLF��,&���5DWKHU�WKDQ�PDNLQJ�ILQH�JUDLQHG�GLVWLQFWLRQV�
ZLWKLQ�FRYDULDWLRQDO�DQG�YDULDWLRQDO�UHDVRQLQJ��-RKQVRQ�HW�DO���������WDUJHWHG�SDUWLFXODU�OHYHOV�
SRVLWHG�E\�7KRPSVRQ�DQG�&DUOVRQ���������JURVV�YDULDWLRQ�DQG�JURVV�FRRUGLQDWLRQ�RI�YDOXHV��7KH�
ILUVW�PDUNHG�D�VWXGHQW¶V�FRQFHSWLRQ�RI�D�TXDQWLW\�DV�EHLQJ�FDSDEOH�RI�YDU\LQJ��-RKQVRQ�DQG�
0F&OLQWRFN��������FDOOHG�WKLV�W\SH�RI�UHDVRQLQJ�TXDQWLWDWLYH�YDULDWLRQDO�UHDVRQLQJ��7KH�VHFRQG�
PDUNHG�D�VWXGHQW¶V�VKLIW�IURP�FRQFHLYLQJ�RI�YDULDWLRQ�LQ�LQGLYLGXDO�TXDQWLWLHV��H�J���WKLV�RQH��WKHQ�
WKDW�RWKHU�RQH��WR�IRUPLQJ�D�UHODWLRQVKLS�EHWZHHQ�TXDQWLWLHV��ERWK�TXDQWLWLHV�YDU\�WRJHWKHU���3XW�
DQRWKHU�ZD\��WKH�&29�DQG�9$5�FRGHV�ZRXOG�HYLGHQFH�RSHUDWLYH�WKLQNLQJ��ZKLOH�WKH�02�RU�,&�
FRGHV�ZRXOG�HYLGHQFH�ILJXUDWLYH�WKLQNLQJ��SHU�WKH�FRQVWUXFWV�RI�0RRUH�HW�DO����������

�
0HWKRGV�

$VVHVVPHQW�'HVLJQ�
7R�GHVLJQ�WKH�FRYDULDWLRQ�DVVHVVPHQW��ZH�KDYH�LQWHJUDWHG�GLIIHUHQW�WKHRUHWLFDO�SHUVSHFWLYHV�

DQG�FRQVXOWHG�H[SHUWV�LQ�WKH�ILHOG��-RKQVRQ�HW�DO����������7KH�DVVHVVPHQW��GHYHORSHG�LQ�4XDOWULFV��
LV�IXOO\�RQOLQH��VWXGHQWV�FDQ�FRPSOHWH�LW�RQ�VPDUWSKRQHV��WDEOHWV��RU�FRPSXWHUV��7KHUH�DUH�IRXU�
LWHPV��DSSHDULQJ�LQ�UDQGRP�RUGHU��(DFK�LWHP�LQFRUSRUDWHV�D�VLWXDWLRQ�LQYROYLQJ�FKDQJLQJ�
DWWULEXWHV��ZLWK�WZR�TXHVWLRQ�JURXSV�SHU�LWHP��7DEOH�����7KH�VLWXDWLRQV�LQFOXGH�D�WXUQLQJ�)HUULV�
ZKHHO��)HUULV�:KHHO�LWHP���D�SHUVRQ��1DW��ZDONLQJ�RQ�D�SDWK�WR�DQG�IURP�D�WUHH��1DW���7UHH�
LWHP���D�ILVK�ERZO�ILOOLQJ�ZLWK�ZDWHU��)LVK�%RZO�LWHP���DQG�D�WR\�FDU�PRYLQJ�DURXQG�D�VTXDUH�
WUDFN��7R\�&DU�LWHP���:H�KDYH�LQFRUSRUDWHG�LQQRYDWLYH�HOHPHQWV��LQFOXGLQJ�LWHPV�FRQWDLQLQJ�
XQFRQYHQWLRQDO�JUDSKV�WKDW�GR�QRW�SDVV�WKH�YHUWLFDO�OLQH�WHVW��H�J���0RRUH�HW�DO����������
�

7DEOH����7KH�&RYDULDWLRQ�$VVHVVPHQW��,WHP�4XHVWLRQ�*URXSV�
4XHVWLRQ�*URXSV� 'HVFULSWLRQ�
���&RPSUHKHQVLRQ�

&KHFN�
3OD\�YLGHR�DQLPDWLRQ�RI�WKH�VLWXDWLRQ��6WDWH�LI�\RX�XQGHUVWDQG�WKH�
VLWXDWLRQ��,I�\HV��PRYH�WR�TXHVWLRQ�JURXS����,I�QR��H[SODLQ�ZK\��

���6HOHFW�*UDSK�DQG�
([SODLQ��

6HOHFW�D�JUDSK��$%&'��WKDW�UHSUHVHQWV�D�UHODWLRQVKLS�EHWZHHQ�
DWWULEXWHV�LQ�WKH�VLWXDWLRQ��([SODLQ�\RXU�FKRLFH���
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7DVN�%DVHG�,QWHUYLHZV��'HVFULSWLRQ�DQG�5DWLRQDOH�
:H�K\SRWKHVL]HG�WKDW�VWXGHQWV¶�FRYDULDWLRQDO�UHDVRQLQJ�FRXOG�H[SODLQ�WKHLU�JUDSK�VHOHFWLRQV��

7KURXJK�WDVN�EDVHG�LQWHUYLHZV��*ROGLQ���������ZH�ZHUH�DEOH�WR�JDWKHU�HYLGHQFH�RI�VWXGHQWV¶�
UHDVRQV�IRU�WKHLU�JUDSK�VHOHFWLRQ��DQG�PDNH�LQIHUHQFHV�DERXW�WKHLU�FRYDULDWLRQDO�UHDVRQLQJ��,I�
VWXGHQWV�ZHUH�VHOHFWLQJ�FRUUHFW�JUDSKV�IRU�UHDVRQV�QRW�DVVRFLDWHG�ZLWK�FRYDULDWLRQDO�UHDVRQLQJ��
IRU�LQVWDQFH��E\�DSSHDOLQJ�RQO\�WR�SK\VLFDO�IHDWXUHV�RI�JUDSKV�UDWKHU�WKDQ�TXDQWLWLHV�EHLQJ�
UHSUHVHQWHG��ZH�FRXOG�XVH�WKDW�LQIRUPDWLRQ�WR�UHYLVH�DVVHVVPHQW�LWHPV��
'DWD�&ROOHFWLRQ�

3DUWLFLSDQWV�ZHUH�XQGHUJUDGXDWH�VWXGHQWV�HQUROOHG�LQ�FROOHJH�DOJHEUD�DW�D�XQLYHUVLW\�ORFDWHG�LQ�
WKH�PHWUR�DUHD�RI�D�ODUJH�8�6��FLW\��VHUYLQJ�ODUJH�SHUFHQWDJHV�RI�VWXGHQWV�RI�FRORU�DQG�ILUVW�
JHQHUDWLRQ�WR�FROOHJH��:H�VHOHFWHG�WKUHH�JURXSV�RI����SDUWLFLSDQWV��LQWHUYLHZHG�LQ�FRQVHFXWLYH�
VSULQJ��VXPPHU��DQG�IDOO�VHPHVWHUV��7KH�LQWHUYLHZV�WRRN�SODFH�PLGZD\�GXULQJ�WKH�VHPHVWHU��
6WXGHQW�YROXQWHHUV�OHIW�IRU�SDUW�RI�FODVV�WR�JR�WR�D�QHDUE\�RIILFH�IRU�WKH�LQWHUYLHZ��2XU�VHOHFWLRQ�
PHWKRG�UHVXOWHG�LQ�D�QRW�HQWLUHO\�UDQGRP�VDPSOH��VWXGHQWV�ZKR�SDUWLFLSDWHG�LQ�LQWHUYLHZV�PD\�
KDYH�EHHQ�WKRVH�PRUH�LQYHVWHG�LQ�WKH�FRXUVH�RU�PRUH�ZLOOLQJ�WR�WDON�DERXW�WKHLU�WKLQNLQJ��
-RKQVRQ�FRQGXFWHG����LQGLYLGXDO�LQWHUYLHZV��ZKLFK�ZHUH�YLGHR�DQG�DXGLR�UHFRUGHG��2QH�JUDGXDWH�
UHVHDUFK�DVVLVWDQW��*5$���HLWKHU�*DUGQHU�RU�6PLWK��REVHUYHG�HDFK�LQWHUYLHZ��7KH�*5$�HQJDJHG�
LQ�WZR�DFWLYLWLHV��PRQLWRULQJ�WKH�YLGHR�FDPHUD�DQG�ZULWLQJ�ILHOG�QRWHV��-RKQVRQ�XVHG�D�VHPL�
VWUXFWXUHG�SURWRFRO�IRU�WKH�LQWHUYLHZV��WR�JDWKHU�HYLGHQFH�RI�WKUHH�DUHDV��VWXGHQWV¶�FRPSUHKHQVLRQ�
RI�DVVHVVPHQW�TXHVWLRQV��VWXGHQWV¶�HQJDJHPHQW�LQ�FRYDULDWLRQDO�UHDVRQLQJ��DQG�VWXGHQWV¶�
H[SHULHQFHV�ZLWK�WKH�WHFKQRORJ\��*5$V�XVHG�WKH�SURWRFRO�WR�RUJDQL]H�WKHLU�ILHOG�QRWHV��
%HFDXVH�ZH�GHVLJQHG�WKH�FRYDULDWLRQ�DVVHVVPHQW�WR�ZRUN�RQ�VPDUWSKRQHV��WDEOHWV��DQG�
FRPSXWHUV��ZH�ZDQWHG�VWXGHQWV�WR�ZRUN�DFURVV�D�UDQJH�RI�GHYLFHV��6WXGHQWV�FRXOG�EULQJ�D�GHYLFH�
RI�WKHLU�FKRRVLQJ��,I�VWXGHQWV�GLG�QRW�EULQJ�D�GHYLFH��RU�LI�VWXGHQWV�ZDQWHG�D�GLIIHUHQW�GHYLFH��ZH�
KDG�D�WDEOHW�DQG�D�ODSWRS�FRPSXWHU�DYDLODEOH�IRU�XVH��:H�DOORZHG�VWXGHQWV�WR�FKRRVH�D�GHYLFH��
EHFDXVH�WKDW�LV�ZKDW�VWXGHQWV�ZRXOG�GR�GXULQJ�WKH�DFWXDO�DVVHVVPHQW��
'DWD�$QDO\VLV�

4XDOLWDWLYH�DQDO\VLV��-RKQVRQ�OHG�WKH�TXDOLWDWLYH�DQDO\VLV��DGDSWLQJ�WKH�IRXU�LWHP�FRGLQJ�
IUDPHZRUN�IURP�-RKQVRQ�HW�DO����������7DEOH���VKRZV�WKH�FRGHV��GHVFULSWLRQV��DQG�H[DPSOHV��7KH�
&29�DQG�9$5�FRGHV�DUH�EROGHG��EHFDXVH�WKH\�UHSUHVHQWHG�FRQFHSWLRQV�RI�JUDSKV�LQ�WHUPV�RI�
TXDQWLWLHV�DQG�UHODWLRQVKLSV��:KHQ�VWXGHQWV�UHDVRQLQJ�ZDV�FRGHG�DV�&29�RU�9$5��WKH\�SURYLGHG�
HYLGHQFH�RI�HQJDJLQJ�LQ�UHDVRQLQJ�FRQVLVWHQW�ZLWK�DW�OHDVW�WKH�OHYHOV�RI�JURVV�YDULDWLRQ��9$5��RU�
JURVV�FRRUGLQDWLRQ�RI�YDOXHV��&29���SHU�7KRPSVRQ�DQG�&DUOVRQ���������:KHQ�VWXGHQWV¶�
UHDVRQLQJ�ZDV�FRGHG�DV�02�RU�,&��WKH\�SURYLGHG�HYLGHQFH�RI�D�FRQFHSWLRQ�RI�WKH�REMHFW¶V�OLWHUDO�
PRWLRQ��.HUVODNH��������RU�DQ�REMHFW¶V�SK\VLFDO�DSSHDUDQFH��/HLQKDUGW�HW�DO����������
�

7DEOH����)RXU�,WHP�&RGLQJ�)UDPHZRUN��$GDSWHG�IURP�-RKQVRQ�HW�DO���������
&RGH� 'HVFULSWLRQ� ([DPSOH�
&29� 5HODWLRQVKLS�EHWZHHQ�WZR�

DWWULEXWHV�FDSDEOH�RI�YDU\LQJ�DQG�
SRVVLEOH�WR�PHDVXUH�

$V�WKH�WR\�FDU¶V�WRWDO�GLVWDQFH�WUDYHOHG�
LQFUHDVHV��WKH�WR\�FDU¶V�GLVWDQFH�IURP�WKH�

FHQWHU�GHFUHDVHV�WKHQ�LQFUHDVHV��
9$5� $�VLQJOH�DWWULEXWH�FDSDEOH�RI�

YDU\LQJ�DQG�SRVVLEOH�WR�PHDVXUH�
7KH�)HUULV�ZKHHO�FDUW¶V�GLVWDQFH�IURP�WKH�

FHQWHU�JHWV�ODUJHU��WKHQ�VPDOOHU���
02� /LWHUDO�PRWLRQ�RI�DQ�REMHFW� 1DW�ZDONHG�EDFN�DQG�IRUWK��VR�WKH�JUDSK�JRHV�

EDFN�DQG�IRUWK�
,&� 7KH�VKDSH�RI�DQ�REMHFW� 7KH�JUDSK�LV�VKDSHG�OLNH�D�ILVKERZO��
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-RKQVRQ�ZDWFKHG�HDFK�VWXGHQW¶V�LQWHUYLHZ�YLGHR��GUDZLQJ�RQ�ZKDW�VWXGHQWV�VDLG�DQG�GLG�DV�
VRXUFHV�RI�GDWD��)RU�HDFK�LWHP��LQ�WKH�RUGHU�WKH\�DSSHDUHG�IRU�HDFK�VWXGHQW��-RKQVRQ�DVVLJQHG�
VWXGHQWV�D�VLQJOH�UHDVRQLQJ�FRGH��,I�VWXGHQWV�GHPRQVWUDWHG�PXOWLSOH�IRUPV�RI�UHDVRQLQJ��-RKQVRQ�
DVVLJQHG�WKH�PRVW�VRSKLVWLFDWHG�RQH�DV�WKH�RYHUDOO�FRGH��WR�LQGLFDWH�LI�VWXGHQWV�ZHUH�FRQFHLYLQJ�RI�
TXDQWLWLHV�DQG�RU�WKHLU�UHODWLRQVKLSV��)RU�H[DPSOH��LI�D�VWXGHQW�VDLG�WKDW�WKH�JUDSKV�VKRZHG�KRZ�
WKH�WR\�FDU�PRYHG�DURXQG�WKH�WUDFN��02���WKHQ�ZHQW�RQ�WR�H[SODLQ�KRZ�HDFK�RI�WKH�GLVWDQFHV�
ZHUH�FKDQJLQJ�WRJHWKHU��&29���-RKQVRQ�FRGHG�WKH�UHDVRQLQJ�&29��3ULRU�WR�RXU�TXDQWLWDWLYH�
DQDO\VLV��-RKQVRQ�VKDUHG�WKH�FRGHV�DQG�QRWHV�ZLWK�DQRWKHU�UHVHDUFKHU�DV�D�PHPEHU�FKHFN��

4XDQWLWDWLYH�DQDO\VLV��$QDO\VLV�RI�YDULDQFH��$129$��ZDV�XVHG�WR�DQDO\]H�GHYLFH�HIIHFWV��$�
VLPSOH�OLQHDU�UHJUHVVLRQ�PRGHO��DW�����FRQILGHQFH��ZDV�XVHG�WR�DQDO\]H�WKH�UHODWLRQVKLSV�
EHWZHHQ�VWXGHQWV¶�WRWDO�QXPEHU�FRUUHFW�DQG�HYLGHQFH�RI�WKHLU�FRYDULDWLRQDO�UHDVRQLQJ��

�
5HVXOWV�

6WXGHQWV�XVHG�D�UDQJH�RI�GHYLFHV�RQ�WKH�DVVHVVPHQW�����XVHG�D�FRPSXWHU�����D�WDEOHW��DQG���D�
VPDUWSKRQH��7KH�FKRLFH�RI�GHYLFH�GLG�QRW�LPSDFW�VWXGHQWV¶�UHDVRQLQJ��6WXGHQWV�ZKR�VHOHFWHG�D�
FRPSXWHU�RU�WDEOHW�H[SUHVVHG�D�SUHIHUHQFH�IRU�D�ODUJHU�VFUHHQ�VL]H�RU�WRXFK�VFUHHQ�FDSDELOLW\��
6WXGHQWV�ZKR�VHOHFWHG�D�VPDUWSKRQH�SUHIHUUHG�WR�XVH�WKHLU�RZQ�GHYLFH��ZKLFK�WKH\�KDG�ZLWK�
WKHP��1RQH�RI�WKH�VWXGHQWV�H[SUHVVHG�GLVVDWLVIDFWLRQ�ZLWK�WKH�LQWHUIDFH�RQ�WKHLU�GHYLFH��

$FURVV�WKH�IRXU�LWHPV��VWXGHQWV�VHOHFWHG�D�FRUUHFW�JUDSK�����RI�WKH�WLPH������RI�VWXGHQW�
UHVSRQVHV�SURYLGHG�HYLGHQFH�RI�FRYDULDWLRQDO�UHDVRQLQJ��&29�������YDULDWLRQDO�UHDVRQLQJ�
�9$5�������PRWLRQ�UHDVRQLQJ��02���DQG����LFRQLF�UHDVRQLQJ��,&���$FURVV�WKH����VWXGHQWV������
JRW�DOO�IRXU�LWHPV�FRUUHFW���������WKUHH�LWHPV�FRUUHFW���������WZR�LWHPV�FRUUHFW������RQH�LWHP�
FRUUHFW��DQG�������]HUR�LWHPV�FRUUHFW��7KH�FRUUHODWLRQ�EHWZHHQ�WKH�WRWDO�QXPEHU�FRUUHFW�DQG�
VWXGHQWV¶�HYLGHQFH�RI�FRYDULDWLRQDO�UHDVRQLQJ�ZDV�������ZKLFK�LQGLFDWHG�D�VLJQLILFDQWO\�KLJK�
GHJUHH�RI�FRUUHODWLRQ��S��������7KH�UHJUHVVLRQ�DQDO\VLV�DOVR�VKRZHG�WKDW�������RI�WKH�WRWDO�
YDULDWLRQ�LQ�WKH�GHSHQGHQW�YDULDEOH��VWXGHQWV¶�WRWDO�QXPEHU�FRUUHFW��FDQ�EH�H[SODLQHG�E\�WKHLU�
FRYDULDWLRQDO�UHDVRQLQJ��ZKLFK�LV�DOVR�VWDWLVWLFDOO\�VLJQLILFDQW��S����������

�
'LVFXVVLRQ�

7KLV�IXOO\�RQOLQH�DVVHVVPHQW��FRQWDLQLQJ�EXLOW�LQ�YLGHR�DQLPDWLRQV��DQG�GHVLJQHG�IRU�WKH�
XQGHUJUDGXDWH�FROOHJH�DOJHEUD�SRSXODWLRQ��LV�WKH�ILUVW�RI�LWV�NLQG��2XU�UHVXOWV�GHPRQVWUDWH�LWV�
YDOLGLW\��IRU�DVVHVVLQJ�FRYDULDWLRQDO�UHDVRQLQJ��DW�OHDVW�DW�WKH�OHYHO�RI�JURVV�FRRUGLQDWLRQ�RI�
YDOXHV��SHU�7KRPSVRQ�DQG�&DUOVRQ���������)XUWKHUPRUH��GLVWLQJXLVKLQJ�EHWZHHQ�VWXGHQWV�
HQJDJLQJ�LQ�YDULDWLRQDO�RU�FRYDULDWLRQDO�UHDVRQLQJ��UDWKHU�WKDQ�PRWLRQ�RU�LFRQLF�UHDVRQLQJ��FRXOG�
EH�XVHIXO�IRU�GLDJQRVLQJ�VWXGHQWV¶�ILJXUDWLYH�RU�RSHUDWLYH�WKLQNLQJ��0RRUH�HW�DO���������RQ�
JUDSKLQJ�WDVNV��

:H�DUH�HQFRXUDJHG�WKDW�VWXGHQWV¶�FKRLFH�RI�GHYLFH�GLG�QRW�LPSDFW�WKHLU�UHDVRQLQJ��*LYHQ�WKH�
SUHYDOHQFH�RI�PRELOH�SKRQHV��WKH�IHDVLELOLW\�RI�WKH�DVVHVVPHQW�IRU�XVH�RQ�WKLV�W\SH�RI�GHYLFH�FDQ�
LQFUHDVH�LWV�SRWHQWLDO�IRU�XVDELOLW\��

&RQWLQXHG�YDOLGDWLRQ�ZRUN�ZLWK�D�ODUJHU�VDPSOH�VL]H�LV�D�YLWDO�QH[W�VWHS��:H�DUH�H[SDQGLQJ�
WKH�DVVHVVPHQW�WR�LQFOXGH�VL[�LWHPV�DQG�H[DPLQLQJ�WKH�TXDOLWDWLYH�FRGLQJ�VFDOH�YLD�5DVFK�
PRGHOLQJ�WR�TXDQWLWDWLYHO\�FRUURERUDWH�LWV�KLHUDUFKLFDO�QDWXUH���

�
$FNQRZOHGJPHQWV�

7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�8�6��1DWLRQDO�6FLHQFH�)RXQGDWLRQ�DZDUGV���������DQG�
���������2SLQLRQV��ILQGLQJV��DQG�FRQFOXVLRQV�DUH�WKRVH�RI�WKH�DXWKRUV��
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