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&KDSWHU��� 0RGHO�$QDO\VLV�$OJRULWKPV�,��7KH�&RQFHQWUDWLRQ�)DFWRU

,QWURGXFWLRQ

6WXGHQWV©�ZURQJ�DQVZHUV�FRQWDLQ�D�ODUJH�DPRXQW�RI�YDOXDEOH�LQIRUPDWLRQ���8VXDOO\�WKLV

LQIRUPDWLRQ�LV�H[WUDFWHG�ODERULRXVO\�IURP�DQDO\VLV�RI�WUDQVFULSWV�RI�LQWHUYLHZV�DQG�VWXGHQW

UHVSRQVHV�WR�RSHQ�HQGHG�H[DP�TXHVWLRQV���$QRWKHU�VLPSOH�DQG�FRQYHQLHQW�LQVWUXPHQW�WKDW

FDQ�EH�XVHG�WR�VWXG\�VWXGHQW�PRGHOV�LV�WKH�PXOWLSOH�FKRLFH�FRQFHSWXDO�WHVW��ZKLFK�FDQ�EH

HDVLO\�FRQGXFWHG�LQ�ODUJH�VFDOH���7KHUH�DUH�PDQ\�H[DPSOHV�RI�VXFK�WHVWV��)&,��)0&(��HWF�

$�PDMRU�GLVDGYDQWDJH�RI�WKH�PXOWLSOH�FKRLFH�WHVW�LV�WKDW�WKH�WUDGLWLRQDO�HYDOXDWLRQ�PHWKRG

RQO\�JLYHV�WKH�VFRUH�DQG�GRHVQ©W�SURYLGH�LQIRUPDWLRQ�RQ�ZKDW�FDXVHV�WKH�VWXGHQWV©

SUREOHPV���%DVHG�RQ�RXU�PRGHO�RI�VWXGHQW�OHDUQLQJ�RI�SK\VLFV��ZH�FDQ�QRZ�GHYHORS

DOJRULWKPV�WR�H[WUDFW�VXFK�LQIRUPDWLRQ���7KH�EDVLF�LGHD�LV�WR�FRQVLGHU�WKDW�WKH�VWXGHQW�FDQ

EH�LQ�PXOWLSOH�PRGHO�VWDWH�DW�WKH�VDPH�WLPH�DQG�WR�WDNH�LQWR�DFFRXQW�DOO�WKH�VWXGHQW

UHVSRQVHV�UDWKHU�WKDQ�MXVW�WKH�FRUUHFW�RQHV���%\�VWXG\LQJ�WKH�UHODWLRQV�DPRQJ�WKH�GLIIHUHQW

UHVSRQVHV��ZH�FDQ�H[WUDFW�XVHIXO�LQIRUPDWLRQ�RQ�WKH�VWXGHQW�PRGHOV�WKDW�JHQHUDWH�WKHVH

UHVSRQVHV�

7KH�LQIRUPDWLRQ�REWDLQHG�ZLOO�EH�XVHIXO�RQO\�LI�WKH�WHVW�LV�FDUHIXOO\�GHVLJQHG�ZLWK�D

JRRG�XQGHUVWDQGLQJ�RI�WKH�SK\VLFDO�PRGHOV�LQYROYHG�ZLWK�HDFK�FRQFHSW�
�
��:H�WKHUHIRUH�VHH

WKLV�PHWKRG�DV�ERWK�D�WRRO�WR�H[WUDFW�LQIRUPDWLRQ�IURP�D�UHVHDUFK�EDVHG�PXOWLSOH�FKRLFH�WHVW

DQG�DV�D�WRRO�WR�EH�XVHG�LQ�WKH�F\FOLF�SURFHVV�RI�FUHDWLQJ�VXFK�D�WHVW�

,Q�WKLV�FKDSWHU�DQG�FKDSWHU����,�ZLOO�LQWURGXFH�WZR�DOJRULWKPV�WR�GR�TXDQWLWDWLYH

HYDOXDWLRQV�RI�VWXGHQW�PRGHOV�EDVHG�RQ�PXOWLSOH�FKRLFH�WHVW�GDWD���7KH�ILUVW�DOJRULWKP

LQWURGXFHV�D�QHZ�HYDOXDWLRQ�YDULDEOH�¤�WKH�FRQFHQWUDWLRQ�IDFWRU���7KLV�PHDVXUHPHQW�FDQ

SURYLGH�TXDQWLWDWLYH�HYDOXDWLRQV�RQ�WKH�FRQGLWLRQ�RI�WKH�SRVVLEOH�VWXGHQW�PRGHOV���7KH

VHFRQG�DOJRULWKP�SURYLGHV�TXDQWLWDWLYH�HVWLPDWLRQV�RI�WKH�DFWXDO�VWXGHQW�PRGHOV�ZKHUH

LQGLYLGXDO�VWXGHQW�UHVSRQVHV�DUH�PRGHOHG�DQG�VWRUHG�ZLWK�D�PRGHO�GHQVLW\�PDWUL[���7KH

VWXGHQW�PRGHO�VWDWHV�DUH�WKHQ�HYDOXDWHG�E\�DQDO\]LQJ�WKH�HLJHQYHFWRUV�DQG�HLJHQYDOXHV�RI

WKH�PRGHO�GHQVLW\�PDWUL[�

0RGHO�&RQGLWLRQ�(YDOXDWLRQ�¤�WKH�&RQFHQWUDWLRQ�)DFWRU

7KH�PXOWLSOH�FKRLFH�WHVW�FDQ�EH�D�JRRG�WRRO�IRU�DVVHVVLQJ�VWXGHQW�XQGHUVWDQGLQJ�

SHUIRUPDQFH��DQG�LPSURYHPHQW�LQ�D�ZLGH�UDQJH�RI�FRQWH[WV���$�YHU\�SRSXODU�RQH�LV�WKH

)RUFH�&RQFHSW�,QYHQWRU\��)&,���ZKLFK�KDV�EHHQ�ZLGHO\�XVHG�E\�PDQ\�LQVWUXFWRUV�DQG

SK\VLFV�HGXFDWLRQ�UHVHDUFKHUV�
�
��7KH�UHVXOWV�DUH�XVHIXO�LQ�HYDOXDWLQJ�VWXGHQW�XQGHUVWDQGLQJ

RI�SK\VLFV�DV�ZHOO�DV�LQYHVWLJDWLQJ�WKH�HIIHFWLYHQHVV�RI�LQVWUXFWLRQ�

6WXGHQW�SHUIRUPDQFH�RQ�WKHVH�WHVWV�DUH�XVXDOO\�PHDVXUHG�ZLWK�WKH�QXPEHU�RI�FRUUHFW

UHVSRQVHV���7KLV�PHDVXUHPHQW��DOWKRXJK�QHFHVVDU\�DQG�LPSRUWDQW��GRHV�QRW�JLYH

LQIRUPDWLRQ�DERXW�WKH�GLVWULEXWLRQ�RI�VWXGHQWV©�UHVSRQVHV���,Q�WKLV�FKDSWHU��,�LQWURGXFH�D�QHZ

PHDVXUHPHQW�WKDW�JLYHV�WKLV�LQIRUPDWLRQ���,W�LV�FDOOHG�WKH�FRQFHQWUDWLRQ�IDFWRU��ZKLFK�WHOOV

DERXW�KRZ�WKH�VWXGHQW�UHVSRQVHV�DUH�GLVWULEXWHG��L�H���LI�WKH�UHVSRQVHV�DUH�FRQFHQWUDWHG�RQ
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FHUWDLQ�FKRLFHV�RU�ZLGHO\�VFDWWHUHG�DPRQJ�WKH�GLIIHUHQW�FKRLFHV�OLNH�WKH�UHVXOWV�RI�UDQGRP

JXHVVHV�

%DVHG�RQ�RXU�XQGHUVWDQGLQJ�RI�VWXGHQW�OHDUQLQJ��WKH�VWXGHQW�UHVSRQVHV�DUH�FRQVLGHUHG�DV

WKH�RXWSXW�RI�VWXGHQWV�DSSO\LQJ�WKHLU�PRGHOV�LQ�YDULRXV�SK\VLFDO�FRQWH[WV���7KHUHIRUH�LI

VWXGHQWV�KDYH�D�IHZ�FRQVLVWHQW�PRGHOV�RI�SK\VLFV��WKH�UHVSRQVHV�VKRXOG�EH�PRUH

FRQFHQWUDWHG�RQ�WKRVH�FKRLFHV�UHSUHVHQWLQJ�WKH�FRUUHVSRQGLQJ�PRGHOV���2Q�WKH�RWKHU�KDQG�

LI�WKH�VWXGHQWV�KDYH�QR�PRGHOV��RU�KDYH�D�ZLGH�YDULHW\�RI�PRGHOV��WKHLU�UHVSRQVHV�ZLOO�EH

PRUH�UDQGRPO\�GLVWULEXWHG�DPRQJ�WKH�FKRLFHV���7KHUHIRUH��WKH�ZD\�LQ�ZKLFK�WKH�VWXGHQWV©

UHVSRQVHV�DUH�GLVWULEXWHG�UHYHDOV�LQIRUPDWLRQ�RQ�WKH�VWXGHQWV©�PRGHOLQJ�FRQGLWLRQV�

)RU�EHVW�UHVXOWV��LW�LV�KHOSIXO�IRU�WKH�TXHVWLRQV�WR�EH�GHVLJQHG�VXFK�WKDW�WKH�GLIIHUHQW

FKRLFHV�RI�D�TXHVWLRQ�KDYH�D�RQH�WR�RQH�FRUUHVSRQGHQFH�WR�GLIIHUHQW�VWXGHQW�PRGHOV���7KH

LQWHUSUHWDWLRQ�RI�WKH�FRQFHQWUDWLRQ�FDQ�EH�FRPSOLFDWHG�ZKHQ�D�VLQJOH�FKRLFH�UHIOHFWV

PXOWLSOH�VWXGHQW�PRGHOV�RU�PXOWLSOH�FKRLFHV�LQ�D�TXHVWLRQ�DUH�UHODWHG�WR�RQH�VWXGHQW�PRGHO�

$FFRUGLQJ�WR�RXU�H[SHULHQFH�ZLWK�VWXGHQW�GDWD�RQ�)&,�DQG�)0&(�WHVW��DOWKRXJK�TXHVWLRQV

LQ�WKHVH�WHVWV�DUH�QRW�GHVLJQHG�ZLWK�RQH�WR�RQH�FRUUHVSRQGHQFH�EHWZHHQ�VWXGHQW�PRGHOV

DQG�WKH�FKRLFHV��VWXGHQW�UHVSRQVHV�DUH�IRXQG�WR�EH�PRVWO\�FRQFHQWUDWHG�RQ�RQH�RI�WKH

FKRLFHV�FRUUHVSRQGLQJ�WR�D�VWXGHQW�PRGHO���,I�D�TXHVWLRQ�LV�IRXQG�WR�KDYH�D�FKRLFH�WKDW�FDQ

EH�UHODWHG�WR�PXOWLSOH�VWXGHQW�PRGHOV��LW�ZLOO�QRW�EH�XVHG�LQ�RXU�DQDO\VLV�

7KH�)RUPXODWLRQ�RI�WKH�&RQFHQWUDWLRQ�)DFWRU

/HW�XV�ORRN�DW�D�VLPSOH�H[DPSOH���6XSSRVH�ZH�JLYH�D�PXOWLSOH�FKRLFH�VLQJOH�UHVSRQVH

�0&65��TXHVWLRQ��HDFK�ZLWK���FKRLFHV�ODEHOHG�$�WKURXJK�(��WR�����VWXGHQWV���)RU�HDFK

TXHVWLRQ��ZH�ZLOO�JHW�����UHVSRQVHV���7DEOH�����OLVWV�VRPH�SRVVLEOH�GLVWULEXWLRQV�RI�WKH

UHVSRQVHV�IRU�RQH�TXHVWLRQ�

7\SH�,�UHSUHVHQWV�DQ�H[WUHPH�FDVH�ZKHUH�WKH�UHVSRQVH�LV�HYHQO\�GLVWULEXWHG�DPRQJ�WKH

FKRLFHV��MXVW�OLNH�WKH�UHVXOWV�RI�UDQGRP�JXHVVHV���7\SH�,,�LV�D�PRUH�W\SLFDO�GLVWULEXWLRQ�WKDW

PD\�RFFXU�LQ�RXU�FODVVHV���7\SH�,,,�LV�WKH�H[WUHPH�FDVH�ZKHUH�HYHU\ERG\�VHOHFWHG�WKH�VDPH

FKRLFH��JLYLQJ�D������FRQFHQWUDWLRQ���:H�FDQ�GHILQH�7\SH�,,,�DV�WKH�RQH�ZLWK�WKH�KLJKHVW

FRQFHQWUDWLRQ�DQG�7\SH�,�DV�WKH�ORZHVW�

,W�ZLOO�EH�FRQYHQLHQW�WR�FRQVWUXFW�D�VLPSOH�PHDVXUH�WKDW�JLYHV�WKH�LQIRUPDWLRQ�RQ�WKH

GLVWULEXWLRQ�RI�WKH�UHVSRQVHV���'HILQH�LW�DV�WKH�FRQFHQWUDWLRQ�IDFWRU��&��ZLWK�D�YDOXH�LQ�WKH

UDQJH�>���@��ZKHUH�ODUJHU�YDOXHV�UHSUHVHQW�PRUH�FRQFHQWUDWHG�UHVSRQVHV���:H�ZRXOG�OLNH�WR

KDYH�&�HTXDO���IRU�D�7\SH�,,,�UHVSRQVH��DQG�HTXDO���IRU�D�7\SH�,�UHVSRQVH���$OO�WKH�RWKHU

W\SHV�VKRXOG�JHQHUDWH�D�YDOXH�EHWZHHQ���DQG���

7DEOH������3RVVLEOH�GLVWULEXWLRQV�RI�UHVSRQVHV�IURP�D�FODVV�RI�VWXGHQWV�RQ�RQH�TXHVWLRQ

7\SH?&KRLFHV $ % & ' (

, �� �� �� �� ��

,, �� �� �� � �

,,, ��� � � � �
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1RZ�FRQVLGHU�D�VLQJOH�0&65�TXHVWLRQ�ZLWK�¦P§�GLIIHUHQW�FKRLFHV�DQG�D�WRWDO�RI�1

VWXGHQW�UHVSRQVHV���$�VLQJOH�VWXGHQW©V�UHVSRQVH�RQ�RQH�TXHVWLRQ�FDQ�EH�UHSUHVHQWHG�ZLWK�D

P�GLPHQVLRQDO�YHFWRU�
N
U
&

 ��\N����\NL������\NP���ZKHUH�N� ������1�UHSUHVHQWV�GLIIHUHQW

VWXGHQWV�DQG�\N  �������LI�WKH�FRUUHVSRQGLQJ�FKRLFH�LV�VHOHFWHG��QRW�VHOHFWHG����)RU�D�VLQJOH

LWHP�RI�DQ�0&65�TXHVWLRQ��RQO\�RQH�FRPSRQHQW�RI�
N
U
&

�LV�QRQ�]HUR�DQG�HTXDOV�����7KHQ�ZH

FDQ�VXP�XS�DOO�WKH�VWXGHQW�UHVSRQVHV�RQ�RQH�TXHVWLRQ�LQ�WKLV�YHFWRU�IRUP�DQG�JHW�WKH�WRWDO

UHVSRQVH�YHFWRU�IRU�WKDW�TXHVWLRQ�
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ZKHUH�QL�LV�WKH�WRWDO�QXPEHU�RI�VWXGHQWV�ZKR�VHOHFWHG�FKRLFH�L���6LQFH�WKHUH�LV�D�WRWDO�RI�1
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ZKHUH�1�!!�P�LV�UHTXLUHG�

$V�D�VLPSOH�YHULILFDWLRQ��LW�LV�HDV\�WR�VHH�WKDW�ZKHQ�RQH�RI�WKH�QL©V�HTXDOV�1��ZKLFK

PHDQV�DOO�WKH�RWKHU�RQHV�HTXDO����&�LV�HTXDO�WR�����,I�DOO�WKH�QL©V�DUH�HTXDO�� �1�P���&
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EHFRPHV�]HUR���$OO�WKH�RWKHU�FDVHV�JHQHUDWH�D�YDOXH�EHWZHHQ���WR�����$���FKRLFH�H[DPSOH
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/D*UDQJH�PXOWLSOLHU�PHWKRG���7KLV�SUREOHP�LV�HTXLYDOHQW�WR�ILQGLQJ�WKH�PLQLPXP�YDOXH�RI
�

U
&

�XQGHU�WKH�FRQVWUDLQW�RI�(T����������7KXV�ZH�FDQ�ZULWH�

¸
¹

·
¨
©

§ �O� ¦¦
  

P

�L
L

P

�L

�

L

�
1QQU

&

�� �����

ZKHUH�O�LV�WKH�/D*UDQJH�PXOWLSOLHU���7KH�H[WUHPH�RI�
�

U
&

RFFXUV�DW� �U
�
 �

&

���7R�ILQG�WKLV

H[WUHPH�SRLQW�ZH�FDQ�GR�WKH�IROORZLQJ�

�Q�
Q

U
M

M

�

 O� 
w

w
&

�
Q M

O
 ?

6LQFH�M�LV�DUELWUDU\��ZH�KDYH�Q�  �� �QP  �
�

O
�DQG�¦

 

 
O

 
P

�L

L 1
�

PQ ��ZKLFK�JLYHV

O� �
P

1�

$W�WKLV�H[WUHPH�SRLQW��
�

U
&

FDQ�EH�FDOFXODWHG�DV�

P

1

P

1
P

�
PQU

���
P

�L

�

LH[WUHPH
�

 ¸
¹

·
¨
©

§
 ¸

¹

·
¨
©

§ O
  ¦

�

&

�����

%HFDXVH�WKH�ODUJHVW�YDOXH�RI� U
&

�LV�HTXDO�WR�1��LW�LV�REYLRXV�WKDW�WKLV�H[WUHPH�LV�QRW�D

PD[LPXP���7KH�VHFRQGDU\�GHULYDWLYH�RI�_5_
�
�LV

��
Q

U
�

M

��

! 
w

w
&

�



��

WKHUHIRUH��WKLV�H[WUHPH�PXVW�UHSUHVHQW�D�PLQLPXP���3OXJJLQJ�WKH�UHVXOW�RI�(T��������EDFN

LQWR�(T���������ZH�FDQ�YHULI\�WKDW�WKH�PLQLPXP�RI�&�LV���DQG�LW�KDSSHQV�ZKHQ�DOO�WKH�QL©V

DUH�HTXDO�

7KH�$SSOLFDWLRQ��+RZ�WR�XVH�WKLV�WRRO�

:H�FDQ�FRQVWUXFW�GLIIHUHQW�IRUPV�RI�HYDOXDWLRQV�GHSHQGLQJ�RQ�WKH�LQIRUPDWLRQ�ZH�ZDQW�

,Q�WKH�IROORZLQJ�VHFWLRQV��,�ZLOO�LQWURGXFH�VHYHUDO�PHWKRGV�RI�XVLQJ�WKH�FRQFHQWUDWLRQ�IDFWRU

WR�VWXG\�GLIIHUHQW�DVSHFWV�RI�WKH�VWXGHQW�GDWD�

8VLQJ�&�WR�(YDOXDWH�6WXGHQW�0RGHO�&RQGLWLRQ

x 5HVSRQVH�SDWWHUQV

7KH�ILUVW�PHWKRG�LV�WR�FRPELQH�WKH�FRQFHQWUDWLRQ�IDFWRU�ZLWK�VFRUHV�WR�IRUP�UHVSRQVH

SDWWHUQV���:KHQ�FRPSDULQJ�WKH�SUH�DQG�SRVW�WHVW�UHVXOWV��VXFK�SDWWHUQ�VKLIWV�FDQ�SURYLGH

PRUH�LQIRUPDWLRQ�WKDQ�MXVW�WKH�VKLIW�RI�VFRUHV�

7KH�VLPSOHVW�ZD\�WR�FRQVLGHU�WKH�SDWWHUQV�RI�UHVSRQVHV�LV�WR�XVH�D�WZR�OHYHO�FRGH�WR

ODEHO�WKH�VWXGHQW�VFRUHV�DQG�WKH�FRQFHQWUDWLRQ�IDFWRU���7KXV�D�TXHVWLRQ�ZLWK�ORZ�VFRUH�EXW

KLJK�FRQFHQWUDWLRQ�ZLOO�EH�GHQRWHG�DV�D�/+�W\SH�UHVSRQVH���7DEOH�����LV�D�OLVW�RI�DOO�WKH

SRVVLEOH�SDWWHUQV�DQG�VKLIWV�LQ�ELQDU\�FRGLQJ�ZLWK�WKHLU�SRVVLEOH�LQGLFDWLRQV���$Q�LPSRVVLEOH

+/�W\SH�LV�LJQRUHG�VLQFH�KLJK�VFRUH�FUHDWHV�KLJK�FRQFHQWUDWLRQ�

7KH�UHVSRQVH�SDWWHUQV�QRW�RQO\�SURYLGH�D�PHDVXUH�RI�VWXGHQW�SHUIRUPDQFH�EXW�DOVR

LQGLFDWH�ZKHWKHU�WKH�VWXGHQWV�KDYH�GRPLQDWLQJ�PLVFRQFHSWLRQV���)XUWKHUPRUH��WKH�SDWWHUQ

RI�WKH�VKLIW�DOVR�WHOOV�KRZ�WKH�VWXGHQW�¦VWDWHV§�HYROYH�ZLWK�LQVWUXFWLRQ�

$V�D�VLPSOH�H[DPSOH��OHW�XV�ORRN�DW�WKH�GLIIHUHQFH�EHWZHHQ�D�W\SH�//�DQG�D�W\SH�/+

UHVSRQVH���7KH�//�W\SH�VKRZV�WKDW�PRVW�RI�WKH�VWXGHQWV�KDYH�QR�GRPLQDWLQJ�PRGHO�RQ�WKH

WRSLF��DW�OHDVW�DV�UHYHDOHG�E\�WKH�WHVW�EHLQJ�VWXGLHG��DQG�WKHLU�UHVSRQVHV�DUH�PRUH�OLNH�WKH

UHVXOWV�RI�UDQGRP�JXHVVHV�

7DEOH������7KH�UHVSRQVH�SDWWHUQV�ZLWK�WZR�OHYHO�FRGLQJ��6FRUH�&RQFHQWUDWLRQ�

3UH�7HVW 3RVW�7HVW ,QGLFDWLRQV�RI�WKH�SDWWHUQ�VKLIW

// 6WXGHQWV�KDYHQ©W�OHDUQHG�DQ\WKLQJ�

/+ ,QVWUXFWLRQ�LV�OHDGLQJ�VWXGHQWV�WR�DQ�LQFRUUHFW�PRGHO//

++ (IIHFWLYH�LQVWUXFWLRQ�LQ�WKH�ULJKW�GLUHFWLRQ�

// 6WXGHQWV�KDG�LQFRUUHFW�SUHFRQFHSWLRQV�DQG�XQOHDUQHG�

/+ ,QVWUXFWLRQ�KDV�QR�HIIHFW�/+

++ ,QVWUXFWLRQ�PDGH�WKH�ULJKW�VKLIW�WR�WKH�FRUUHFW�FRQFHSWV�

// &RPSOHWH�XQOHDUQ�

/+ 6KLIW�WRZDUGV�LQFRUUHFW�PRGHOV�++

++ 6WXGHQWV�DUH�JRRG�RQ�WKLV�WRSLF�
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2Q�WKH�RWKHU�KDQG��ZLWK�VLPLODU�VFRUHV��WKH�W\SH�/+�LPSOLHV�WKDW�WKH�VWXGHQWV�SUREDEO\

KDYH�D�VWURQJ�LQFRUUHFW�PRGHO�RQ�WKH�UHODWHG�FRQFHSW���,I�WKH�UHVXOWV�DUH�IURP�D�SUH�WHVW��WKH

LQVWUXFWRUV�FDQ�EH�LQIRUPHG�E\�WKHVH�LQFRUUHFW�LQLWLDO�VWXGHQW�PRGHOV�DQG�SUHSDUH�IRU

DSSURSULDWH�LQVWUXFWLRQ�

:KHQ�FRPSDULQJ�WKH�SUH�DQG�SRVW�WHVW�UHVXOWV��DQDO\]LQJ�WKH�VKLIW�SDWWHUQ�FDQ�EH�XVHIXO�

)RU�LQVWDQFH��LI�ZH�KDYH�D�//�/+�VKLIW��LW�LQGLFDWHV�WKDW�WKH�LQVWUXFWLRQ�LV�PDNLQJ�VRPH
HIIHFWV�EXW�WKHUH�H[LVW�SUREOHPV�LQ�WKH�OHDUQLQJ�RU�WHDFKLQJ�WKDW�VKLIWV�WKH�VWXGHQWV�WRZDUGV

DQ�LQFRUUHFW�GLUHFWLRQ���7KHUHIRUH�LQ�VXFK�FLUFXPVWDQFHV�ZH�QHHG�WR�FDUHIXOO\�UHYLHZ�WKH

LQVWUXFWLRQ�DQG�VWXG\�WKH�VWXGHQW�UHVSRQVHV�LQ�GHWDLO�WR�ILQG�RXW�WKH�SRVVLEOH�FDXVHV�RI�WKH

SUREOHPV�

,Q�SUDFWLFH�WKH�ELQDU\�FRGLQJ�LV�D�OLWWOH�WRR�FRDUVH���,Q�WKH�DQDO\VLV��,�FKRRVH�D�WKUHH�

OHYHO�FRGLQJ�V\VWHP�ZLWK�¦/§�IRU�ORZ��¦0§�IRU�PHGLXP�DQG�¦+§�IRU�KLJK���7R�JHW�DQ�LGHD

RI�KRZ�D�W\SLFDO�VHW�RI�GDWD�EHKDYHV��,�GLG�VRPH�VLPXODWLRQV�DV�D�VWDUWLQJ�SRLQW�WR�GHYHORS

DQ�DSSURSULDWH�TXDQWL]DWLRQ�VFKHPH���7KH�FDOFXODWLRQ�LV�GRQH�WR�VLPXODWH�D�ILYH�FKRLFH�WHVW

ZLWK�����VWXGHQW�UHVSRQVHV��P� ����1� ��������7KH�UHVXOWV�RI�WKUHH�W\SLFDO�W\SHV�RI

UHVSRQVHV�DUH�OLVWHG�LQ�WDEOH�%���WKURXJK�WDEOH�%���LQ�$SSHQGL[�%���%DVHG�RQ�WKH

FDOFXODWLRQV��D���OHYHO�FRGLQJ�VFKHPH�LV�GHILQH�DV�LQ�WDEOH�����

)RU�D�W\SLFDO�0&65�WHVW�OLNH�)&,��ZH�XVXDOO\�KDYH�RQH�FRUUHFW�DQVZHU�DQG�VHYHUDO

GLVWUDFWHUV���,I�WKH�VWXGHQWV�JHW�ORZ�VFRUHV��WKHLU�UHVSRQVHV�FRXOG�EH�HLWKHU�HYHQO\

GLVWULEXWHG�DPRQJ�WKH�GLIIHUHQW�GLVWUDFWHUV�RU�FRQFHQWUDWHG�RQ�RQH�RU�WZR�RI�WKH�GLVWUDFWHUV�

&RPELQLQJ�WKH�&�IDFWRU�ZLWK�VFRUHV��ZH�FDQ�PRGHO�WKH�GLIIHUHQW�W\SHV�RI�UHVSRQVHV���7KH

IROORZLQJ�LV�D�OLVW�RI�VRPH�UHVSRQVH�VLWXDWLRQV�WKDW�ZH�DUH�LQWHUHVWHG�LQ�

2QH�3HDN�� 0RVW�RI�WKH�UHVSRQVHV�DUH�FRQFHQWUDWHG�RQ�RQH�FKRLFH���1RW�QHFHVVDULO\

D�FRUUHFW�RQH�

7ZR�3HDN� 0RVW�RI�WKH�UHVSRQVHV�DUH�FRQFHQWUDWHG�RQ�WZR�FKRLFHV��XVXDOO\�RQH

FRUUHFW�DQG�RQH�LQFRUUHFW�

1RQ�3HDN� 0RVW�RI�WKH�UHVSRQVHV�DUH�VRPHZKDW�HYHQO\�GLVWULEXWHG�DPRQJ�WKUHH�RU

PRUH�FKRLFHV�

7KH�¦2QH�3HDN§�W\SH�LV�W\SLFDO�IRU�HLWKHU�D�/+�RU�D�++�NLQG�RI�UHVSRQVH���,Q�D�/+

FDVH��VWXGHQWV�KDYH�ORZ�VFRUHV�DQG�PRVW�RI�WKHP�SLFNHG�WKH�VDPH�GLVWUDFWHU���7KHUHIRUH�LW

FRXOG�EH�FRQVLGHUHG�DV�D�VWURQJ�LQGLFDWLRQ�IRU�D�FRPPRQ�LQFRUUHFW�VWXGHQW�PRGHO��$V�IRU

WKH�++��LW�VKRZV�WKDW�WKH�VWXGHQWV�DUH�GRLQJ�ZHOO�RQ�WKDW�WRSLF���,W�LV�SRVVLEOH�WKDW�D�KLJK

FRQFHQWUDWLRQ�RQ�D�UHVSRQVH�FDQ�EH�D�UHVXOW�IURP�D�SRRUO\�ZRUGHG�RU�PLVOHDGLQJ�TXHVWLRQ�

7DEOH������7KUHH�OHYHO�FRGLQJ�VFKHPH�IRU�VFRUH�DQG�FRQFHQWUDWLRQ�IDFWRU

6FRUH /HYHO & /HYHO

�a��� / �a��� /

���a��� 0 ���a��� 0

���a��� + ���a��� +
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2XU�GLVFXVVLRQ�DVVXPHV�WKH�FKRLFHV�KDYH�EHHQ�FDUHIXOO\�GHVLJQHG�EDVHG�RQ�V\VWHPDWLF

UHVHDUFK��ZLWK�GHWDLOHG�LQGLYLGXDO�LQWHUYLHZV��DQG�FDUHIXOO\�YDOLGDWHG�VR�WKDW�WKH\�UHSUHVHQW

FRPPRQ�PLVLQWHUSUHWDWLRQV���6LQFH�ERWK�)&,�DQG�)0&(�WHVWV�DUH�GHYHORSHG�EDVHG�RQ

UHVHDUFK��RXU�DVVXPSWLRQ�LV�DSSURSULDWH�IRU�WKHVH�WZR�WHVWV�

7KH�¦7ZR�3HDN§�VLWXDWLRQ�KDSSHQV�ZKHQ�PDQ\�RI�WKH�UHVSRQVHV�DUH�FRQFHQWUDWHG�RQ

WZR�RI�WKH�FKRLFHV���,I�RQH�RI�WKH�WZR�LV�WKH�FRUUHFW�DQVZHU��WKH�UHVSRQVH�W\SH�LV�D�00��LI

ERWK�FKRLFHV�DUH�LQFRUUHFW��WKH�UHVSRQVH�W\SH�ZLOO�EH�D�/0���7KLV�W\SH�RI�UHVSRQVH�LQGLFDWHV

WKDW�D�VLJQLILFDQW�QXPEHU�RI�VWXGHQWV�DUH�KDYLQJ�RQH�RU�WZR�PLVFRQFHSWLRQV�GHSHQGLQJ�RQ

WKH�VWUXFWXUH�RI�WKH�TXHVWLRQV���6RPHWLPHV�WZR�LQFRUUHFW�UHVSRQVHV�FDQ�EH�WKH�UHVXOW�RI�WKH

VDPH�LQFRUUHFW�PRGHO�

7KH�¦1RQ�3HDN§�VLWXDWLRQ�KDSSHQV�ZKHQ�VWXGHQW�UHVSRQVHV�DUH�VRPHZKDW�HYHQO\

GLVWULEXWHG�RYHU�WKUHH�RU�PRUH�RI�WKH�FKRLFHV���7KH�UHVSRQVH�SDWWHUQ�LV�XVXDOO\�D�//���7KLV

LPSOLHV�WKDW�PRVW�RI�WKH�VWXGHQWV�GRQ©W�KDYH�D�VWURQJ�SUHIHUHQFH�RI�DQ\�PRGHOV�RQ�WKLV�WRSLF

DQG�WKH�UHVSRQVHV�DUH�FORVH�WR�WKH�UHVXOWV�RI�UDQGRP�JXHVVHV�
�

x *UDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�GDWD

�� 7KH�6�&�SORW

:LWK�LQIRUPDWLRQ�RQ�ERWK�VFRUH�DQG�WKH�&�IDFWRU��WKH�UHVSRQVHV�DQG�WKHLU�VKLIW�SDWWHUQV

FDQ�QRZ�EH�UHSUHVHQWHG�RQ�D�WZR�GLPHQVLRQDO�JUDSK���:H�FDQ�FRQVWUXFW�DQ�¦6�&§�SORW�
XVLQJ�WKH�VFRUH�DV�WKH�KRUL]RQWDO�D[LV�DQG�WKH�FRQFHQWUDWLRQ�DV�WKH�YHUWLFDO�D[LV���7KHQ�WKH

UHVSRQVH�RI�HDFK�TXHVWLRQ�FRXOG�EH�UHSUHVHQWHG�DV�D�SRLQW�RQ�WKH�6�&�SORW���7KH�VKLIW�RI�WKH
UHVSRQVH�FDQ�EH�UHSUHVHQWHG�ZLWK�D�YHFWRU�VWDUWLQJ�IURP�WKH�SRLQW�UHSUHVHQWLQJ�WKH�LQLWLDO

VWDWH�WRZDUGV�WKH�SRLQW�IRU�WKH�ILQDO�VWDWH���%HIRUH�XVLQJ�WKLV�JUDSKLFDO�PHWKRG��LW�LV�XVHIXO�WR

NQRZ�VRPH�RI�LWV�EDVLF�FKDUDFWHULVWLFV�

�� 7KH�DOORZHG�UHJLRQ�RI�6�&�SORW

'XH�WR�WKH�FRQVWUDLQW�FUHDWHG�E\�WKH�HQWDQJOHPHQW�EHWZHHQ�VFRUH�DQG�WKH�FRQFHQWUDWLRQ�

GDWD�SRLQWV�PD\�QRW�IDOO�LQ�DOO�WKH�UHJLRQV�RQ�DQ�6�&�SORW���)RU�H[DPSOH��LI�ZH�KDYH�D
UHVSRQVH�ZLWK�D�VFRUH�RI�������WKH�FRQFHQWUDWLRQ�PXVW�DOVR�EH��������2Q�WKH�RWKHU�KDQG��LI

WKH�VFRUH�KDV�VRPH�RWKHU�YDOXHV��ZH�ZLOO�JHW�D�VSUHDG�RI�GLIIHUHQW�SRVVLEOH�FRQFHQWUDWLRQ

YDOXHV���7KH�GLIIHUHQW�FRPELQDWLRQV�RI�VFRUH�DQG�FRQFHQWUDWLRQ�FDQ�RQO\�H[LVW�LQVLGH�D

ERXQGHG�UHJLRQ�RQ�WKH�6�&�SORW���7KH�ERXQGDU\�RI�WKLV�DOORZHG�UHJLRQ�FDQ�EH�IRXQG

PDWKHPDWLFDOO\�DV�IROORZLQJV�

&RQVLGHU�WKH�FDVH�ZKHUH�ZH�KDYH�����WRWDO�UHVSRQVHV�IURP�D���FKRLFHV�0&65�TXHVWLRQ

�1� ������P� ������'HQRWH�WKH�VFRUH�ZLWK�6��ZH�WKHQ�KDYH��1�6��UHVSRQVHV�OHIW�WR�EH
GLVWULEXWHG�DPRQJ�WKH�UHPDLQLQJ���FKRLFHV���7KH�VPDOOHVW�&�ZH�FDQ�JHW�LV�ZKHQ�DOO�WKH

�1�6��UHVSRQVHV�DUH�FORVHVW�WR�DQ�HYHQO\�GLVWULEXWLRQ�DPRQJ�WKH���FKRLFHV���7KH�ODUJHVW�&
RFFXUV�ZKHQ�DOO�WKH��1�6��UHVSRQVHV�DUH�FRQFHQWUDWHG�RQ�RQH�RI�WKH���FKRLFHV���7KHUHIRUH
ZH�FDQ�ZULWH
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8VLQJ�(T������D�E���WKH�ERXQGDU\�RI�WKH�DOORZHG�UHJLRQ�LV�SORWWHG�LQ�ILJXUH�������7KH

UHJLRQV�IRU�WKH���W\SLFDO�UHVSRQVH�W\SHV�DUH�DOVR�PDUNHG�RXW�EDVHG�RQ�WKH�WKUHH�OHYHO

TXDQWL]DWLRQ�VFKHPH�LQ�WDEOH�����

$OVR�VKRZQ�LQ�ILJXUH������WKH�WKUHH�GLIIHUHQW�VLWXDWLRQV�RI�FRQFHQWUDWLRQ�¤�/��QR�SHDN��

0��WZR�SHDN���DQG�+��RQH�SHDN��DUH�DVVRFLDWHG�ZLWK�WKUHH�GLIIHUHQW�LQGLFDWLRQV�RI�SRVVLEOH

VWXGHQW�PRGHO�FRQGLWLRQV�

��� 5DQGRP�5HJLRQ��ZLWK�QR�GRPLQDQW�PRGHOV�

��� %L�PRGHO�5HJLRQ��SRVVLEO\�ZLWK�WZR�SRSXODU�PRGHOV�

��� DQG�2QH�PRGHO�5HJLRQ��SRVVLEO\�ZLWK�RQH�GRPLQDQW�PRGHO�
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5DQGRP

5HJLRQ

%L�0RGHO

5HJLRQ

2QH�0RGHO

5HJLRQ

)LJXUH������$OORZHG�UHJLRQ�RI�WKH�6�&�SORW��WKH�DUHD�EHWZHHQ�WKH�WZR�ERXQGDU\�OLQHV�
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�� 7KH�VWDWH�GHQVLW\

6LQFH�WKH�WRWDO�QXPEHU�RI�UHVSRQVHV�LV�XVXDOO\�YHU\�ODUJH��WKH�QXPEHU�IRU�DOO�WKH

SRVVLEOH�FRPELQDWLRQV�RI�WKHVH�UHVSRQVHV�LV�KXJH���$JDLQ��WDNLQJ�1� �����DQG�P� ���IRU

H[DPSOH�DQG�GHILQLQJ�HDFK�SRVVLEOH�FRPELQDWLRQ�DV�D�VWDWH��WKH�WRWDO�QXPEHU�RI�DOO�WKH

SRVVLEOH�VWDWHV�ZRXOG�EH�
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ZKHUH�QL�UHSUHVHQWV�WKH�QXPEHU�RI�VWXGHQWV�WKDW�VHOHFW�WKH�L
WK
�FKRLFH�

,W�LV�LQWHUHVWLQJ�WR�VHH�KRZ�DOO�WKHVH�VWDWHV�DUH�GLVWULEXWHG��DW�OHDVW�PDWKHPDWLFDOO\��

)LJXUH�����VKRZV�WKH�FRPSXWHU�VLPXODWLRQ�RI�WKH�VWDWH�GHQVLW\�E\�DVVXPLQJ�WKDW�DOO�VWDWHV

DUH�HTXDOO\�SUREDEOH�WR�RFFXU�

7KH�KRW��UHG��FRORUV�LQ�WKH�JUDSK�UHSUHVHQW�KLJKHU�GHQVLW\�RI�VWDWHV�DQG�WKH�FRRO�FRORUV

UHSUHVHQW�ORZHU�GHQVLW\���,W�FDQ�EH�VKRZQ�WKDW�WKH�FHQWHUOLQH��UHSUHVHQWLQJ�WKH�PD[LPXP

GHQVLW\��LV�WKH�ORZ�ERXQGDU\�RI�WKH�6�&�SORW�XQGHU�DQ�DGGLWLRQDO�FRQVWUDLQW�WKDW�RQH�RI�WKH

FKRLFHV�LV�����6HH�$SSHQGL[�%�IRU�PRUH�GHWDLOV��

�

�

&

6

)LJXUH������6�&�VWDWH�GHQVLW\�DWWUDFWRU
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�� 7KH�UDQGRP�UHVSRQVH�DWWUDFWRU

,Q�UHDOLW\��WKH�SUREDELOLW\�IRU�HDFK�VWDWH�LV�DIIHFWHG�E\�WKH�VWXGHQWV�DQG�WKH�TXHVWLRQV�LQ

WKH�WHVW���)RU�D�VSHFLDO�FDVH�ZKHUH�ZH�DVVXPH�DOO�WKH�UHVSRQVHV�JHQHUDWHG�E\�VWXGHQWV�DUH

EDVHG�RQ�UDQGRP�JXHVVLQJ��LW�LV�SRVVLEOH�WR�VLPXODWH�WKH�DWWUDFWRU�IRU�UDQGRP�UHVSRQVHV�

)LJXUH�����LV�D�FRPSXWHU�VLPXODWLRQ�RI�WKH�UDQGRP�DWWUDFWRU�

7KH�VLPXODWLRQ�LV�GRQH�ZLWK�D�FRPSXWHU�WKDW�LV�SURJUDPPHG�WR�JHQHUDWH�KXJH�QXPEHU

RI�UDQGRP�UHVSRQVHV���)LJXUH�����UHSUHVHQWV�DQ�DWWUDFWRU�RI���PLOOLRQ�UXQV���7KH�YDOXH�RI�WKH

GHQVLW\�LV�ORJDULWKPLF�VR�WKDW�ZH�FDQ�VHH�PRUH�RI�WKH�ORZ�GHQVLW\�DUHD���$V�H[SHFWHG��WKH

DWWUDFWRU��WKH�GDUN�FRQFHQWUDWLRQ��LV�FRQFHQWUDWHG�DURXQG�WKH�PLQLPXP�SRLQW��6� �����&�� 

���ZLWK�'6� �r����DQG�'&� �������$FFRUGLQJ�WR�RXU�WKUHH�OHYHO�TXDQWL]DWLRQ�VFKHPH��WKLV
UDQGRP�UHJLRQ�LV�DW�WKH�FHQWHU�RI�WKH�//�]RQH�

&RQFHQWUDWLRQ�RI�WKH�,QFRUUHFW�5HVSRQVHV

7KH�6�&�SORW�UHSUHVHQWV�WKH�RYHUDOO�FRQFHQWUDWLRQ�RI�VWXGHQW�UHVSRQVHV���'XH�WR�WKH

FRQVWUDLQW�RI�(T���������WKH�GDWD�SRLQWV�RQ�DQ�6�&�SORW�DUH�UHVWULFWHG�LQ�D�VWUDQJHO\�VKDSHG

DWWUDFWRU���,Q�DGGLWLRQ��WKH�&�JLYHQ�E\�(T��������LV�GHSHQGHQW�RQ�WKH�VFRUH���6XFK

GHSHQGHQFH�ZLOO�VWURQJO\�DIIHFW�WKH�PHDQLQJ�RI�WKH�RYHUDOO�FRQFHQWUDWLRQ�HVSHFLDOO\�DW�ODUJH

VFRUHV�ZKHUH�PRVW�RI�WKH�FRQWULEXWLRQV�DUH�JHQHUDWHG�E\�WKH�VFRUHV��WKH�LQIRUPDWLRQ�RQ�WKH

LQFRUUHFW�UHVSRQVHV�DUH�RYHUZKHOPHG�E\�WKH�VFRUHV����,Q�RUGHU�WR�GLVHQWDQJOH�WKH

�

�

&

6

)LJXUH������6�&�UDQGRP�DWWUDFWRU
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FRQFHQWUDWLRQ�DQG�WKH�VFRUH��ZH�GHVLJQ�D�QHZ�YDULDEOH���)URP�(T��������LW�LV�HDV\�WR�VHH�WKDW

WKH�VFRUH�GHWHUPLQHV�WKH�DEVROXWH�ERXQGDU\�RI�WKH�FRQFHQWUDWLRQ���7KH�YDULDWLRQ�RI�&�ZLWKLQ

WKH�ERXQGDU\�LV�GHWHUPLQHG�E\�WKH�GLVWULEXWLRQ�RI�WKH�LQFRUUHFW�VWXGHQW�UHVSRQVHV�

7KHUHIRUH��LI�WKH�GHWDLO�RI�WKH�GLVWULEXWLRQ�RI�WKH�LQFRUUHFW�UHVSRQVHV�LV�RI�WKH�LQWHUHVW��ZH

QHHG�WR�UHPRYH�WKH�DEVROXWH�RIIVHW�FUHDWHG�E\�WKH�VFRUH���7KLV�FDQ�EH�GRQH�E\�FDOFXODWLQJ

WKH�FRQFHQWUDWLRQ�IRU�WKH�LQFRUUHFW�UHVSRQVHV���'HILQLQJ�LW�DV�WKH�FRQFHQWUDWLRQ�GHYLDWLRQ��*�
ZH�FDQ�ZULWH
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(T���������LV�LQWULQVLFDOO\�VLPLODU�WR�(T��������H[FHSW�WKDW�WKH�VFRUH��FRUUHFW�UHVSRQVH��LV

UHPRYHG���7KLV�PDNHV�*�DQG�6�LQGHSHQGHQW�DQG�*�FDQ�KDYH�DQ\�YDOXH�ZLWKLQ�WKH�IXOO�UDQJH
RI�>����@�QR�PDWWHU�ZKDW�YDOXH�6�KDV���:H�FDQ�FRQVWUXFW�DQ�6�*�SORW�WR�VWXG\�WKH�GHWDLOV�RI
WKH�LQFRUUHFW�UHVSRQVHV���6LQFH�ZH�QRZ�KDYH�WZR�LQGHSHQGHQW�YDULDEOHV�DV�WKH�D[HV��WKHUH�LV

QR�UHVWULFWLRQ�RQ�WKH�SORWWLQJ�DUHD�

%HFDXVH�*�RQO\�GHDOV�ZLWK�WKH�LQFRUUHFW�UHVSRQVHV��LQ�PDQ\�FDVHV��WKHUH�LV�RQO\�RQH
FRQFHQWUDWLRQ�SHDN�RQ�RQH�RI�WKH�LQFRUUHFW�FKRLFHV���7DEOH�����LV�WKH�DYHUDJH�UHVXOWV�RI�*�DW
VFRUH� �����E\�DVVXPLQJ�D�RQH�SHDN�FRQFHQWUDWLRQ�RQ�RQH�RI�WKH�LQFRUUHFW�UHVSRQVHV���$

WKUHH�OHYHO�TXDQWL]DWLRQ�VFKHPH�LV�DOVR�SURSRVHG�LQ�WKH�WDEOH�

$OWKRXJK�*�KDV�WKH�DGYDQWDJH�RI�EHLQJ�LQGHSHQGHQW�RI�WKH�VFRUH�DQG�LW�DOVR�SURYLGHV
PRUH�GLUHFW�LQIRUPDWLRQ�RQ�WKH�LQFRUUHFW�UHVSRQVHV��WKH�PHDVXUH�RI�WKH�WRWDO�FRQFHQWUDWLRQ

LV�VWLOO�LPSRUWDQW�HVSHFLDOO\�ZKHQ�HYDOXDWLQJ�WKH�RYHUDOO�PRGHO�FRQGLWLRQ���7KH�VFRUH

UHSUHVHQWV�WKH�FRQWULEXWLRQ�IURP�WKH�FRUUHFW�PRGHO�DQG�LW�VKRXOG�EH�LQFOXGHG�LQ�WKH�PRGHO

HYDOXDWLRQ���7KHUHIRUH�LQ�RUGHU�WR�SURSHUO\�PRGHO�WKH�VWXGHQW�UHVSRQVHV��ZH�RIWHQ�QHHG�WR

FRQVLGHU�ERWK�&�DQG�*�IRU�GLIIHUHQW�DVSHFWV�RI�WKH�GDWD���7KH�GHWDLOV�RI�WKH�WUDQVIRUPDWLRQ
EHWZHHQ�*�DQG�&�DUH�GLVFXVVHG�LQ�$SSHQGL[�%�

$QDO\VLV�ZLWK�)&,�'DWD

7R�VHH�KRZ�WKHVH�PHWKRGV�ZRUN�LQ�SUDFWLFH��,�DQDO\]HG�VRPH�)&,�GDWD���7KH�GDWD�LV

WDNHQ�IURP�LQWURGXFWRU\�SK\VLFV�FODVVHV�FRQVLVWLQJ�RI����80G�DQG���3*&&�FODVVHV�
�
��7KH

VWXGHQWV�DUH�PRVWO\�HQJLQHHULQJ�PDMRUV���6HYHQ�RI�WKH�80G�FODVVHV�DUH�WXWRULDO�EDVHG�DQG

WKH�RWKHU�QLQH�DUH�ZLWK�WUDGLWLRQDO�LQVWUXFWLRQ�
�

7DEOH������4XDQWL]DWLRQ�RI�*���VFRUH� �����

&RQFHQWUDWLRQ

RQ�RQH�FKRLFH
$YHUDJH�*

4XDQWL]DWLRQ

5DQJH
/HYHO

��� ���� ����� /

��� ���� ������� 0

��� ���� ������� +
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,QLWLDO�6WDWH

)LUVW�WKH�SUH�LQVWUXFWLRQ�)&,�GDWD�RI�DOO����FODVVHV�ZHUH�DQDO\]HG�ZLWK�WKH�WKUHH�OHYHO

PRGHOLQJ�VFKHPHV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQV���7KH�UHVXOWV�DUH�YHU\�VLPLODU�IRU�DOO

FODVVHV���7KLV�LV�H[SHFWHG�VLQFH�WKH�EDFNJURXQG�RI�WKH�LQFRPLQJ�VWXGHQWV�LV�VLPLODU�

7KHUHIRUH��WKH�UHVXOWV�RI�WKH�SUH�GDWD�DQDO\VLV�DUH�FRPELQHG�

7DEOH�����LV�D�OLVW�RI�WKH�FRGLQJ�RI�WKH�SUH�WHVW�UHVSRQVH�W\SHV�IRU�DOO����TXHVWLRQV�RQ�WKH

)&,�WHVW���7R�DYRLG�ELDV�JHQHUDWHG�E\�YDULDWLRQV��H�J��VL]H��RI�WKH�LQGLYLGXDO�FODVVHV��WKH

UHVXOWV�ZHUH�REWDLQHG�E\�SXWWLQJ�WRJHWKHU�DOO�WKH�VWXGHQW�GDWD�IURP�GLIIHUHQW�FODVVHV�UDWKHU

WKDQ�DYHUDJLQJ�WKH�UHVXOWV�RI�LQGLYLGXDO�FODVVHV���7KH�UHVSRQVH�W\SHV�DUH�REWDLQHG�ZLWK�WKH

TXDQWL]DWLRQ�VFKHPH�LQ�WDEOH�������7KH�6�&�YDOXHV�RI�DOO�TXHVWLRQV�DUH�OLVWHG�LQ�WDEOH����D�

$V�VKRZQ�LQ�WDEOH����E��WKH�VWXGHQW�UHVSRQVHV�DUH�JURXSHG�LQWR�VHYHQ�FDWHJRULHV���7KH

++�DQG�0+�W\SHV�VKRZ�WKDW�WKH�VWXGHQWV�DUH�GRLQJ�ZHOO�RQ�WKRVH�WRSLFV�HYHQ�EHIRUH

LQVWUXFWLRQ���7KH�00�W\SH�LPSOLHV�WKDW�VRPH�VWXGHQWV�DUH�GRLQJ�ZHOO�EXW�D�VLJQLILFDQW

QXPEHU�RI�VWXGHQWV��XVXDOO\�PRUH�WKDQ������KDYH�D�WHQGHQF\�WR�IDYRU�D�FRPPRQ�LQFRUUHFW

PRGHO���0RUH�LQWHUHVWLQJ�UHVXOWV�FRPH�IURP�/0�DQG�/+�W\SHV��ZKLFK�DUH�VWURQJ�LQGLFDWLRQV

IRU�WKH�H[LVWHQFH�RI�FRPPRQ�LQFRUUHFW�PRGHOV�

$�ORRN�DW�WKH�GHWDLOV�RI�WKH�TXHVWLRQV�VXJJHVWV�WKDW�PRVW�RI�WKH�TXHVWLRQV�ZLWK�/0�DQG

/+�W\SHV�GHDO�ZLWK�WZR�SK\VLFV�FRQFHSW�GRPDLQV��WKH�UHODWLRQ�RI�IRUFH�DQG�PRWLRQ�DQG

1HZWRQ�,,,��VHH�FKDSWHU���IRU�GHWDLOV�RQ�WKH�WZR�FRQFHSW�GRPDLQV����7R�IXUWKHU�VWXG\�WKH

VWXGHQW�XQGHUVWDQGLQJ�RQ�WKHVH�WZR�SK\VLFV�FRQFHSWV��ZH�XVHG�RXU�NQRZOHGJH�RI�VWXGHQW

PRGHOV�DQG�WKH�VSHFLILF�GLVWUDFWHUV�WR�VHOHFW�TXHVWLRQV��ZKLFK�FRUUHVSRQG�WR�WKHVH�FRQFHSWV�

7DEOH����D��6FRUH�DQG�FRQFHQWUDWLRQ�YDOXHV�RI�SUH�LQVWUXFWLRQ�)&,�UHVSRQVH��80G�

)� )� )� )� )� )� )� )� )� )�� )�� )�� )�� )�� )��

6 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

& ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

++ /+ 0/ ++ /0 00 0/ 00 /0 ++ 00 0+ /+ 00 //

)�� )�� )�� )�� )�� )�� )�� )�� )�� )�� )�� )�� )�� )��

6 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

& ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

0+ 00 /0 ++ 00 0/ /+ 00 // 00 0/ ++ /0 0+

7DEOH����E��3UH�LQVWUXFWLRQ�)&,�UHVSRQVH�W\SHV��80G�

7\SHV // /0 /+ 0/ 00 0+ ++
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7ZR

SHDNV
2QH�SHDN
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RQH�SHDN
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7DEOH�����VKRZV�WKH�LQFRUUHFW�FKRLFHV�WKDW�DWWUDFW�D�ODUJH�SHUFHQWDJH�RI�VWXGHQW

UHVSRQVHV���$V�ZH�FDQ�VHH�IURP�WKH�LQGLYLGXDO�TXHVWLRQV��VHH�$SSHQGL[�$���WKH�LQFRUUHFW

UHVSRQVHV�RQ�TXHVWLRQV�LQ�WKH�)RUFH�0RWLRQ�JURXS�UHSUHVHQW�WKH�SK\VLFDO�PRGHO��ZKLFK�LV

GHILQHG�LQ�FKDSWHU����WKDW�D�IRUFH�LV�DOZD\V�QHHGHG�LQ�WKH�GLUHFWLRQ�RI�PRWLRQ���7KH�LQFRUUHFW

UHVSRQVHV�RQ�TXHVWLRQV�LQ�WKH�1HZWRQ�,,,�JURXS�UHSUHVHQW�WKH�GRPLQDQW�DJHQW�PRGHO�WKDW

REMHFW�ZLWK�JUHDWHU�PDVV��JUHDWHU�YHORFLW\��HWF���H[HUWV�ODUJHU�IRUFHV�LQ�DQ�LQWHUDFWLRQ�
�
��DOVR

VHH�FKDSWHU���IRU�PRUH�GHWDLOHG�GLVFXVVLRQ�RQ�WKH�UHODWHG�LQFRUUHFW�VWXGHQW�PRGHOV�

)URP�WDEOH������LQ�WKH�)RUFH�0RWLRQ�JURXS��EHIRUH�LQVWUXFWLRQ�DERXW�����RI�WKH

VWXGHQWV�IDYRU�WKH�LGHD�WKDW�D�IRUFH�LV�QHFHVVDU\�WR�NHHS�DQ�REMHFW�PRYLQJ����6LPLODU

VLWXDWLRQV�DUH�IRXQG�LQ�WKH�JURXS�RI�1HZWRQ�,,,�TXHVWLRQV�ZKHUH�VWXGHQW�UHVSRQVHV�XVXDOO\

KDYH�ORZ�VFRUHV�DQG�PHGLXP�WR�KLJK�FRQFHQWUDWLRQV��/+�RU�/0�W\SH��RQ�WKH�PDMRU

GLVWUDFWHUV�FRUUHVSRQGLQJ�WR�WKH�LQFRUUHFW�VWXGHQW�PRGHOV�LQ�WKH�FRQFHSW�JURXS�

:LWK�ORZ�VFRUHV�DQG�DOVR�ORZ�FRQFHQWUDWLRQ��//�W\SH���TXHVWLRQV����DQG����UHYHDO

DQRWKHU�NLQG�RI�VLWXDWLRQ�ZKHUH�WKH�VWXGHQWV�DUH�QRW�SDUWLFXODUO\�FRQFHQWUDWHG�RQ�DQ\�VLQJOH

UHVSRQVH���,QWHUHVWLQJO\��ERWK�RI�WKH�TXHVWLRQV�UHTXLUH�GHWDLOHG�GHVFULSWLRQV�RI�SK\VLFDO

SURFHVVHV�WKDW�UHTXLUH�DQ�LQWHJUDWLRQ�RI�YDULRXV�SLHFHV�RI�SK\VLFV�NQRZOHGJH�

7KH�DERYH�DQDO\VLV�VKRZV�WKDW�ZKHQ�VWXGHQWV�KDYH�FHUWDLQ�FRPPRQ�LQFRUUHFW�PRGHOV

RQ�WKH�SK\VLFV�FRQFHSWV�EHLQJ�WHVWHG��WKHLU�UHVSRQVHV�RQ�WKH�UHODWHG�PXOWLSOH�FKRLFH

TXHVWLRQV�DUH�RIWHQ�LQ�/+�RU�/0�W\SH���:KHQ�VWXGHQWV�KDYH�QR�GRPLQDQW�PRGHOV��WKHLU

UHVSRQVHV�RIWHQ�KDYH�ORZ�FRQFHQWUDWLRQV���7KHUHIRUH��ZH�FDQ�XVH�WKH�FRQFHQWUDWLRQ�IDFWRU�DV

D�WRRO�WR�HYDOXDWH�VWXGHQW�PRGHOLQJ�FRQGLWLRQV�RU�WR�VFUHHQ�WKH�WHVW�UHVXOWV�WR�LGHQWLI\

TXHVWLRQV�WKDW�DUH�OLNHO\�WR�WULJJHU�FRPPRQ�LQFRUUHFW�VWXGHQW�PRGHOV�

7KH�6�&�3ORW�$QDO\VLV

7R�SUHVHQW�WKH�GDWD�LQ�D�YLVXDO�IRUPDW��ZH�FDQ�XVH�WKH�6��&�SORW���7KH�LQLWLDO�VWDWHV��ILQDO

VWDWHV��DQG�WKH�VKLIWV�FDQ�EH�UHSUHVHQWHG�ZLWK�SRLQWV�DQG�YHFWRUV�RQ�WKH�6�&�SORW���(DFK

SRLQW�LQ�WKH�JUDSK�UHSUHVHQWV�WKH�DYHUDJHG�UHVXOW�RQ�RQH�TXHVWLRQ�IURP�DOO�VWXGHQWV���6LQFH

WKH�WXWRULDO�DQG�WUDGLWLRQDO�FODVVHV�KDYH�YHU\�GLIIHUHQW�VKLIW�YHFWRUV��WKH�UHVXOWV�IURP�WKH�WZR

GLIIHUHQW�JURXSV�RI�FODVVHV�ZLOO�EH�SUHVHQWHG�VHSDUDWHO\����,W�LV�DOVR�LQWHUHVWLQJ�WR�FRPSDUH

WKH�GLIIHUHQFHV���)LJXUH����D�DQG����E�DUH�WKH�6�&�SORWV�RI�DOO�WKH�GDWD��SUH�DQG�SRVW��IURP

WKH�WXWRULDO�DQG�WUDGLWLRQDO�FODVVHV���(DFK�GDWD�SRLQW�UHSUHVHQWV�WKH�UHVXOW�RI�DOO�WKH�VWXGHQW

UHVSRQVHV�RQ�RQH�TXHVWLRQ���7KH�YHFWRUV�UHSUHVHQW�WKH�VKLIWV�RI�WKH�DYHUDJHG�SUH�DQG�SRVW

UHVXOWV�RI�DOO����TXHVWLRQV�IRU�DOO�VWXGHQWV�

7DEOH������6WXGHQW�UHVSRQVHV�RQ�WKH�WZR�FRQFHSW�JURXSV�RI�)&,�WHVW��80G�

)RUFH�DQG�0RWLRQ 1HZWRQ©V�7KLUG�/DZ

&KRLFH � 7\SH &KRLFH � 7\SH

��F ��� /0 ��D ��� /+

��F ��� /0 ���G ��� 00

���D ��� /0 ���F ��� /+

���F ��� /+

���G ��� /0
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,W�LV�HDV\�WR�VHH�WKDW�WKH�SUH�VWDWHV�IRU�ERWK�FODVVHV�DUH�YHU\�VLPLODU��EXW�WKH�WXWRULDO�FODVV

KDV�D�PXFK�ODUJHU�VKLIW�YHFWRU�WRZDUGV�WKH�GLUHFWLRQ�RI�KLJKHU�VFRUH�ZLWK�ODUJHU

FRQFHQWUDWLRQ��ZKLFK�LQGLFDWHV�WKDW�PRUH�VWXGHQWV�IDYRU�WKH�FRUUHFW�PRGHOV�

)URP�WDEOH����E��WKH����TXHVWLRQV�FDQ�DOVR�EH�VHSDUDWHG�LQWR�WKUHH�JURXSV�EDVHG�RQ

VWXGHQW�SUH�LQVWUXFWLRQ�VFRUHV�¤�KLJK��PHGLXP��DQG�ORZ�
�
��6LQFH�WKH�KLJK�JURXS�LV�YHU\

FORVH�WR�WKH�IDYRUDEOH�VLWXDWLRQ��WKH�ORZ�SHUIRUPDQFH�JURXS�VKRXOG�KDYH�D�PXFK�ODUJHU

FRQWULEXWLRQ�RQ�WKH�RYHUDOO�LPSURYHPHQW���7KHUHIRUH�WKH�VKLIW�RI�WKH�ORZ�SHUIRUPDQFH�JURXS

VKRXOG�UHYHDO�LQIRUPDWLRQ�DERXW�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�WUHDWPHQWV�

7KH�ORZ�SHUIRUPDQFH�JURXS�FRQVLVWV�RI�QLQH�TXHVWLRQV�ZLWK�//��/0�DQG�/+�W\SHV�RI

UHVSRQVHV���,Q�ILJXUH������WKH�6�&�UHODWLRQ�RI�WKHVH�QLQH�TXHVWLRQV�LV�SORWWHG��7KH�WXWRULDO

FODVVHV�VKLIW�WRZDUGV�KLJKHU�VFRUHV�DQG�FRQFHQWUDWLRQV�DQG�WKH�ILQDO�VWDWHV�DUH�PRVWO\�LQ�WKH

++�UHJLRQ���2Q�WKH�RWKHU�KDQG��VWXGHQWV�LQ�WUDGLWLRQDO�FODVVHV�KDYH�VRPH�LPSURYHPHQW�ZLWK

WKHLU�VFRUHV�DQG�WKH�ILQDO�VWDWHV�DUH�PRVWO\�LQ�00�UHJLRQ�LQGLFDWLQJ�WKDW�D�VLJQLILFDQW

QXPEHU�RI�VWXGHQWV�VWLOO�KROG�D�LQFRUUHFW�PRGHO�

7XWRULDO
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���

�
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3UH�GDWD

3RVW�GDWD

3UH�DYHUDJH

3RVW�DYHUDJH

D� 7UDGLWLRQDO

�
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�
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3UH�GDWD

3RVW�GDWD

3UH�DYHUDJH

3RVW�DYHUDJH
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&&

)LJXUH������6�&�SORW�RI�WKH�RYHUDOO�SHUIRUPDQFH�RI�WKH�WXWRULDO�DQG�WUDGLWLRQDO�FODVVHV

/RZ�3HUIRUPDQFH �7XWRULDO�

�
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���

���

���

�
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3UH�GDWD

3RVW�GDWD

3UH�DYHUDJH

3RVW�DYHUDJH

D� /RZ�3HUIRUPDQFH �7UDGLWLRQDO�
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3UH�GDWD

3RVW�GDWD

3UH�DYHUDJH

3RVW�DYHUDJH

E�
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)LJXUH������6�&�SORW�IRU�WKH�ORZ�SHUIRUPDQFH�JURXS�RI�TXHVWLRQV
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:H�FDQ�DOVR�VWXG\�WKH�GHWDLOV�RI�VWXGHQW�EHKDYLRU�LQ�GLIIHUHQW�FRQFHSW�JURXSV���,Q�ILJXUH

�����WKH�VKLIW�RI�WKH�TXHVWLRQV�LQ�)RUFH�0RWLRQ�JURXS�LV�SORWWHG�

$V�ZH�FDQ�VHH��WKH�VWXGHQWV�EHKDYH�VLPLODUO\�DV�LQ�WKH�ORZ�SHUIRUPDQFH�JURXS�H[FHSW

WKDW�WKH�LQLWLDO�VWDWHV�DUH�PRVWO\�LQ�WKH�/0�DQG�/+�UHJLRQV�LQGLFDWLQJ�D�VWURQJ�LQLWLDO

PLVFRQFHSWLRQ���$JDLQ��DIWHU�LQVWUXFWLRQ��WKH�WXWRULDO�FODVVHV�KDG�D�ODUJH�VKLIW�EULQJLQJ�WKH

JURXS�DYHUDJH�FORVH�WR�WKH�++�UHJLRQ���7KH�WUDGLWLRQDO�FODVVHV�RQO\�PRYH�WR�WKH�EL�PRGHO

UHJLRQ��¦WZR�SHDN§�VLWXDWLRQ��

2Q�DQ�6�&�SORW��WKH�VFDWWHU�RI�WKH�GDWD�SRLQWV�IRU�UHVSRQVHV�RQ�TXHVWLRQV�LQ�D�FRQFHSW

JURXS�FDQ�EH�RQH�HYDOXDWLRQ�RQ�WKH�FRQVLVWHQF\�RI�WKH�VWXGHQW�SHUIRUPDQFH���)URP�ILJXUH���

���LW�LV�HDV\�WR�VHH�WKDW�WKH�VFRUHV�IRU�WKH�LQLWLDO�UHVSRQVHV�RQ�WKH�ILYH�TXHVWLRQV�DUH�VLPLODU

EXW�WKH�FRQFHQWUDWLRQV�DUH�YHU\�GLIIHUHQW���7KH�VFDWWHULQJ�RI�WKH�GDWD�SRLQWV�LV�PDLQO\�FDXVHG

E\�WKH�GLIIHUHQW�FRQFHQWUDWLRQV���7KHUHIRUH�WR�HYDOXDWH�WKH�FRQVLVWHQF\�RI�WKH�VWXGHQW

UHVSRQVHV�LQ�D�TXHVWLRQ�JURXS��ZH�QHHG�WR�ORRN�DW�ERWK�WKH�VFRUHV�DQG�WKH�FRQFHQWUDWLRQV�

:KHQ�ZRUNLQJ�ZLWK�WKH�GDWD��WKHUH�DUH�D�IHZ�WKLQJV�WKDW�QHHG�DWWHQWLRQ���7R�REWDLQ�D

UHVXOW�RQ�RQH�TXHVWLRQ�IRU�PXOWLSOH�FODVVHV��ZH�KDYH�WR�JURXS�DOO�WKH�VWXGHQWV�WRJHWKHU�WR

FDOFXODWH�WKH�VFRUH�DQG�FRQFHQWUDWLRQ���6LQFH�GLIIHUHQW�FODVVHV�FDQ�KDYH�GLIIHUHQW�QXPEHUV

RI�VWXGHQWV�ZLWK�GLIIHUHQW�EDFNJURXQGV��DYHUDJLQJ�RYHU�FODVVHV�FDQ�JLYH�PLVOHDGLQJ�UHVXOWV�

,W�FDQ�DOVR�FUHDWH�GDWD�SRLQWV�RXWVLGH�WKH�DOORZHG�UHJLRQ���6LPLODUO\��WKH�DYHUDJHG�UHVXOW�IRU

GLIIHUHQW�TXHVWLRQV�FRXOG�DOVR�EH�RXW�RI�WKH�DOORZHG�UHJLRQ��HVSHFLDOO\�ZKHQ�WKH�GDWD�SRLQWV

IRU�WKHVH�TXHVWLRQV�DUH�PRUH�ZLGHO\�VFDWWHUHG�DQG�FORVH�WR�WKH�XSSHU�ERXQGDU\���)RU

H[DPSOH��LI�ZH�KDYH�WZR�GDWD�SRLQWV��������DQG��������/+�DQG�++���WKH�DYHUDJH�LV�DW��������

ZKLFK�LV�RXWVLGH�WKH�DOORZHG�UHJLRQ�

7KH�6�*�$QDO\VLV

7KH�6�&�SORW�VKRZV�WKH�VWXGHQW�RYHUDOO�PRGHOLQJ�VLWXDWLRQV���:H�FDQ�DOVR�XVH�*�WR�VWXG\
WKH�FRQFHQWUDWLRQ�RI�WKH�LQFRUUHFW�UHVSRQVHV�

)RUFH 0RWLRQ �7XWRULDO�
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3UH�GDWD
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7KH�DYHUDJH�UHVXOWV�RI�*�IRU�GLIIHUHQW�SHUIRUPDQFH�JURXSV�LV�FDOFXODWHG�DQG�OLVWHG�LQ
7DEOH�������$Q�LQWHUHVWLQJ�UHVXOW�LV�WKDW�WKH�*©V�RQ�ORZ�SHUIRUPDQFH�TXHVWLRQ�DUH
FRQVLVWHQWO\�KLJKHU�WKDQ�WKDW�RI�PLG�DQG�KLJK�SHUIRUPDQFH�TXHVWLRQV�LQGHSHQGHQW�RI�WKH

W\SHV�RI�LQVWUXFWLRQV�DQG�LI�LW�LV�SUH�RU�SRVW�GDWD���6LQFH�KLJK�*©V�LQGLFDWH�VWURQJ�GLVWUDFWHUV�
LW�FDQ�EH�LQIHUUHG�WKDW�WKH�VWXGHQWV�DUH�WHQGLQJ�WR�SLFN�WKH�VDPH�GLVWUDFWHUV�LQ�WKH�ORZ

SHUIRUPDQFH�)&,�TXHVWLRQV���7KLV�DOVR�LPSOLHV�WKDW�WKHVH�GLVWUDFWHUV�PD\�UHIOHFW�UHVSRQVHV

SURGXFHG�E\�FRPPRQ�LQFRUUHFW�VWXGHQW�PRGHOV�

7R�FRQILUP�WKHVH�LPSOLFDWLRQV��ZH�QHHG�WR�ORRN�DW�WKH�GHWDLOV�RI�WKH�TXHVWLRQV���,Q�WDEOH

�����WKH�TXHVWLRQV�DUH�UHJURXSHG�EDVHG�RQ�WKH�SUH�*�YDOXHV���)URP�WKH�FDOFXODWLRQV��LW�LV
HDV\�WR�VHH�WKDW�WKH�TXHVWLRQV�ZLWK�KLJK�*©V�KDYH�VLJQLILFDQWO\�ORZHU�VFRUHV�H[FHSW�IRU
TXHVWLRQV����DQG������,I�ZH�OHDYH�RXW�TXHVWLRQV����DQG�����WKH�UHPDLQLQJ�TXHVWLRQV�LQ�WKH

JURXS�DUH�WKH�VDPH�TXHVWLRQV�ZLWK�/0�DQG�/+�W\SH�LQ�WDEOH�������7KLV�UHVXOW�DOVR�DJUHHV

ZLWK�WKH�LPSOLFDWLRQ�WKDW�WKH�SRRU�VFRUHV�RQ�WKHVH�TXHVWLRQV�DUH�OLNHO\�WR�EH�FDXVHG�E\

LQFRUUHFW�EXW�SRSXODU�VWXGHQW�PRGHOV�

4XHVWLRQV����DQG����UHSUHVHQW�D�GLIIHUHQW�VLWXDWLRQ�ZKHUH�PRVW�VWXGHQWV�SLFNHG�WKH

FRUUHFW�FKRLFH�EHIRUH�LQVWUXFWLRQ��KLJK�VFRUHV��DQG�WKH�PDMRULW\�RI�WKH�UHPDLQLQJ�VWXGHQWV

SLFNHG�D�VDPH�GLVWUDFWHU���7KLV�LQGLFDWHV�WKDW�VWXGHQWV�GR�QRW�KDYH�D�FRPPRQ�LQFRUUHFW

PRGHO�RQ�LVVXHV�UHODWHG�WR�WKLV�TXHVWLRQ�

:KHQ�FRPSDULQJ�WKH�SUH�DQG�SRVW�UHVXOWV��WKH�6�*�SORW�LV�D�JRRG�WRRO�WR�LOOXVWUDWH�WKH
VKLIW�RI�VWXGHQW�EHKDYLRU�RQ�LQFRUUHFW�UHVSRQVHV���)LJXUH�����LV�WKH�6�*�SORW�IRU�DOO����)&,
TXHVWLRQV�ZLWK�SUH�DQG�SRVW�GDWD�

7DEOH������7KH�DYHUDJHG�YDOXHV�RI�*�IRU�GLIIHUHQW�SHUIRUPDQFH�JURXSV�EDVHG�RQ�WKH
DYHUDJHG�VFRUH�RI�WKH�SUHWHVW

7XWRULDO 7UDGLWLRQDO

2YHUDOO /RZ 0LG +LJK 2YHUDOO /RZ 0LG +LJK

3UH 3RVW 3UH 3RVW 3UH 3RVW 3UH 3RVW 3UH 3RVW 3UH 3RVW 3UH 3RVW 3UH 3RVW

6 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

* ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

7DEOH������)&,�TXHVWLRQV�JURXSHG�EDVHG�RQ�SUH�*�YDOXHV

� � � � �� �� �� �� �� �� �� PHDQ

6 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
+LJK

�*�!�����
* ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

� � � �� �� �� �� �� �� ��

6 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
0LG

����a����
* ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

� � � � � �� �� �� �� �� ��

6 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
/RZ

�*�������
* ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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2QH�DGYDQWDJH�RI�WKH�6�*�SORW�LV�WKDW�*�LV�QRW�DIIHFWHG�E\�VFRUH���)URP�ILJXUH������WKH
FRQFHQWUDWLRQ�RI�VWXGHQW�SRVW�LQVWUXFWLRQDO�GDWD�JHWV�PXFK�ODUJHU�FRQWULEXWLRQ�IURP�WKH

VFRUHV�DQG�GRHV�QRW�VKRZ�PXFK�DGGLWLRQDO�LQIRUPDWLRQ���:LWK�VLPLODU�VFRUHV��WKH

FRQFHQWUDWLRQV�RQ�GLIIHUHQW�TXHVWLRQV�RIWHQ�KDYH�VLPLODU�YDOXHV���2Q�WKH�RWKHU�KDQG��IURP

ILJXUH������WKH�VWXGHQW�SRVW�*©V�DUH�VWLOO�TXLWH�VFDWWHUHG�MXVW�DV�WKH�SUH�LQVWUXFWLRQ�GDWD���7KLV
LPSOLHV�WKDW�WKH�VWXGHQWV�JLYLQJ�LQFRUUHFW�UHVSRQVHV�EHKDYH�UDWKHU�VLPLODUO\�EHIRUH�DQG�DIWHU

LQVWUXFWLRQ��WKH�JURXS�RI�VWXGHQWV�PD\�QRW�EH�WKH�VDPH�RQHV����7KHUHIRUH��WR�ORRN�IRU�WKH

LQIRUPDWLRQ�RQ�VWXGHQWV�JLYLQJ�LQFRUUHFW�DQVZHUV��ZH�QHHG�WR�XVH�WKH�6�*�SORW�

,Q�ILJXUH������WKH�UHVXOWV�RI�WKH�ORZ�SHUIRUPDQFH�TXHVWLRQV�DUH�SORWWHG�ZLWK�WKH�VKLIW

YHFWRUV�RI�DOO�WKH�TXHVWLRQV�

7UDGLWLRQDO

�

���

���

���

���

�

� ��� ��� ��� ��� �
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3UH�GDWD

3RVW�GDWD

3UH�DYHUDJH

3RVW�DYHUDJH
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7XWRULDO
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6

3UH�GDWD

3RVW�GDWD

3UH�DYHUDJH

3RVW�DYHUDJH
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*

)LJXUH������6�*�SORW�IRU�DOO����TXHVWLRQV�LQ�)&,�WHVW

/RZ�3HUIRUPDQFH �7XWRULDO�
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3RVW�GDWD
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)LJXUH�������6�*�SORW�IRU�ORZ�SHUIRUPDQFH�JURXS

/RZ�3HUIRUPDQFH �7UDGLWLRQDO�
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3UH�GDWD

3RVW�GDWD
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7KH�GDWD�LQ�ILJXUH�����DQG�����DOVR�VKRZV�WKDW�WKH�ORZ�SHUIRUPDQFH�JURXSV�KDYH�ODUJHU

*©V�WKDQ�WKH�KLJKHU�SHUIRUPDQFH�JURXSV�

$V�GHPRQVWUDWHG�E\�WKH�QXPHULFDO�UHVXOWV�LQ�WDEOH������WKH�FRQFHQWUDWLRQ�RI�WKH

LQFRUUHFW�UHVSRQVHV�LV�VLPLODU�ZLWKLQ�WKH�VDPH�TXHVWLRQ�JURXS��ORZ��PLG�RU�KLJK��IRU�ERWK

W\SHV�RI�LQVWUXFWLRQ�DQG�SUH�RU�SRVW���7KLV�LPSOLHV�WKDW�WKH�VWXGHQWV�JLYLQJ�LQFRUUHFW

UHVSRQVHV�KDYH�WKH�VDPH�NLQG�RI�EHKDYLRU�RQ�WKHVH�TXHVWLRQV�EHIRUH�DQG�DIWHU�WKH

LQVWUXFWLRQ���)URP�ILJXUH������ZH�FDQ�VHH�WKDW�QRW�RQO\�WKH�DYHUDJHG�UHVXOWV��EXW�DOVR�WKH

VKLIWV�RI�LQGLYLGXDO�TXHVWLRQV�DUH�VLPLODU�H[FHSW�IRU�TXHVWLRQV���DQG������7KH�GHWDLOHG

VWXGHQW�UHVSRQVHV�RQ�WKH�WZR�TXHVWLRQV�DUH�OLVWHG�LQ�WDEOH�����

7KH�GDWD�VKRZV�WKDW�IRU�TXHVWLRQ����VHH�ILJXUH�����IRU�GHWDLOV�RI�WKH�TXHVWLRQ��WKH

LQFRUUHFW�UHVSRQVHV�RI�WKH�VWXGHQWV�LQ�WXWRULDO�FODVVHV�DUH�DOO�VLJQLILFDQWO\�UHGXFHG�DIWHU

LQVWUXFWLRQ���7KLV�UHVXOWV�LQ�D�*�VLPLODU�WR�WKDW�RI�WKH�SUH�LQVWUXFWLRQ�GDWD���2Q�WKH�RWKHU
KDQG��WKH�LQFRUUHFW�UHVSRQVHV�RI�VWXGHQWV�ZLWK�WUDGLWLRQDO�LQVWUXFWLRQ�RQO\�KDYH�PLQRU

FKDQJHV�H[FHSW�IRU�D�ODUJH�GURS�RQ�FKRLFH�¦E§���7KHUHIRUH�WKH�SRVW�GDWD�KDV�D�YHU\�KLJK�*
FRQFHQWUDWLQJ�RQ�WKH�PDLQ�GLVWUDFWHU��FKRLFH�¦F§����7KH�RQO\�GLIIHUHQFH�EHWZHHQ�FKRLFH�¦E§

DQG�¦F§�LV�WKDW�LQ�FKRLFH�¦F§�D�¦QRUPDO�IRUFH§�LV�LQFOXGHG��ERWK�¦E§�DQG�¦F§�IROORZ�WKH

EHOLHI�WKDW�WKHUH�LV�D�IRUFH�LQ�WKH�GLUHFWLRQ�RI�PRWLRQ��VHH�$SSHQGL[�$�IRU�GHWDLOV�RI�WKH

TXHVWLRQ��

7KLV�UHVXOW�LQGLFDWHV�WKDW�VWXGHQWV�DIWHU�WUDGLWLRQDO�LQVWUXFWLRQ�DUH�PXFK�LPSURYHG�RQ

UHFRJQL]LQJ�WKH�¦QRUPDO�IRUFH§��KRZHYHU��PDQ\�RI�WKHP�VWLOO�KROG�WKHLU�LQLWLDO�EHOLHI�WKDW�D

IRUFH�LV�QHHGHG�LQ�WKH�GLUHFWLRQ�RI�PRWLRQ�

)RU�TXHVWLRQ�����VHH�ILJXUH��������WKH�GDWD�VKRZV�RQO\�RQH�PDMRU�GLVWUDFWHU��TXHVWLRQ��

KDV�¦E§�DQG�¦F§����7KH�YDULDWLRQV�RI�VWXGHQW�UHVSRQVHV�RQ�RWKHU�GLVWUDFWHUV�DUH�DURXQG����

7KHUHIRUH��*�PRVWO\�GHSHQGV�RQ�WKH�VWXGHQW�UHVSRQVH�RQ�WKH�PDLQ�GLVWUDFWHU���:KHQ

VWXGHQWV�JHW�VLJQLILFDQW�LPSURYHPHQW��DV�LW�LV�LQ�WKH�WXWRULDO�FODVVHV��WKH�SRVW�*�ZLOO�EH
VLJQLILFDQWO\�ORZHU�WKDQ�WKH�SUH�*����6WXGHQWV�ZLWK�WUDGLWLRQDO�LQVWUXFWLRQ�KDYH�PXFK�OHVV
LPSURYHPHQW�DQG�WKH�SRVW�*�LV�TXLWH�KLJK�

7DEOH������6WXGHQW�UHVSRQVHV�RQ�TXHVWLRQV���DQG������WKH�FRUUHFW�FKRLFH�LV�VKRZQ�LQ

EROG�DQG�WKH�PDMRU�GLVWUDFWHU�LV�LWDOLFL]HG��

4XHVWLRQ � ��

&KRLFH D E F G H * D E F G H *

7XWRULDO

3UH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

3RVW ���� ���� ��� ���� ���� ���� ���� ���� ��� ���� ���� ����

7UDGLWLRQDO

3UH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

3RVW ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����



��

7KH�ILJXUH�GHSLFWV�D�KRFNH\�SXFN�VOLGLQJ�ZLWK�FRQVWDQW�VSHHG�YR�LQ�D�VWUDLJKW

OLQH�IURP�SRLQW��D���WR�SRLQW��E��RQ�D�IULFWLRQOHVV�KRUL]RQWDO�VXUIDFH��)RUFHV�H[HUWHG

E\�WKH�DLU�DUH�QHJOLJLEOH��<RX�DUH��ORRNLQJ�GRZQ�RQ�WKH�SXFN��:KHQ�WKH�SXFN

UHDFKHV�SRLQW��E����LW�UHFHLYHV�D�VZLIW�KRUL]RQWDO�NLFN�LQ�WKH�GLUHFWLRQ�RI�WKH�KHDY\

SULQW�DUURZ��+DG�WKH�SXFN�EHHQ�DW�UHVW�DW�SRLQW��E���WKHQ�WKH�NLFN�ZRXOG�KDYH�VHW

WKH�SXFN�LQ�KRUL]RQWDO�PRWLRQ�ZLWK�D�VSHHG�YN�LQ�WKH�GLUHFWLRQ�RI�WKH�NLFN�

a b

���7KH�PDLQ�IRUFHV�DFWLQJ��DIWHU�WKH�¦NLFN§��RQ�WKH�SXFN�DORQJ�WKH�SDWK�\RX�KDYH

FKRVHQ�DUH�

�$��WKH�GRZQZDUG�IRUFH�GXH�WR�JUDYLW\�DQG�WKH�HIIHFW�RI�DLU�SUHVVXUH�

�%��WKH�GRZQZDUG�IRUFH�RI�JUDYLW\�DQG�WKH�KRUL]RQWDO�IRUFH�RI�PRPHQWXP�LQ�WKH

GLUHFWLRQ�RI�PRWLRQ�

�&��WKH�GRZQZDUG�IRUFH�RI�JUDYLW\��WKH�XSZDUG�IRUFH�H[HUWHG�E\�WKH�WDEOH��DQG�D

KRUL]RQWDO�IRUFH�DFWLQJ�RQ�WKH�SXFN�LQ�WKH�GLUHFWLRQ�RI�PRWLRQ�

�'��WKH�GRZQZDUG�IRUFH�RI�JUDYLW\�DQG�WKH��XSZDUG�IRUFH�H[HUWHG�E\�WKH�WDEOH�

(E) �JUDYLW\�GRHV�QRW�H[HUW�D�IRUFH�RQ�WKH�SXFN��LW�IDOOV�EHFDXVH�RI�WKH�LQWULQVLF
WHQGHQF\�RI�WKH�REMHFW�WR�IDOO�WR�LWV�QDWXUDO�SODFH�

)LJXUH������)&,�TXHVWLRQ�1R���

)LJXUH�������)&,�TXHVWLRQ�1R����



��

)RU�RWKHU�TXHVWLRQV��WKH�SUH�DQG�SRVW�*©V�KDYH�VLPLODU�YDOXHV���,Q�WXWRULDO�FODVVHV�
VWXGHQW�LPSURYHPHQW�RQ�VFRUHV�LV�FRPSDUDWLYHO\�ODUJH�DQG�WKH�QXPEHU�RI�VWXGHQW�UHVSRQVHV

RQ�WKH�PDMRU�GLVWUDFWHU�LV�VLJQLILFDQWO\�UHGXFHG���7KH�VLPLODU�SUH�DQG�SRVW�*©V�DUH�PDLQO\
SURGXFHG�E\�VLPXOWDQHRXV�GHFUHDVH�RQ�DOO�WKH�LQFRUUHFW�UHVSRQVHV���,Q�WUDGLWLRQDO�FODVVHV�

VWXGHQW�LPSURYHPHQW�RQ�VFRUHV�LV�RIWHQ�VPDOO��ZKLFK�UHVXOWV�LQ�PXFK�OHVV�LPSDFW�RQ�*©V���,Q
JHQHUDO��IRU�WUDGLWLRQDO�FODVVHV��WKH�VWXGHQW�SUH�DQG�SRVW�GDWD�UHPDLQ�VLPLODU��a����

FKDQJHV��

$SSOLFDWLRQV�RI�&RQFHQWUDWLRQ�)DFWRU

7KH�FRQFHQWUDWLRQ�IDFWRU�FDQ�EH�XVHG�LQ�PDQ\�ZD\V�LQ�ERWK�UHVHDUFK�DQG�LQVWUXFWLRQ���,Q

UHVHDUFK��ZH�FDQ�XVH�LW�WR�IDFLOLWDWH�WKH�GHVLJQ�RI�HIIHFWLYH�PXOWLSOH�FKRLFH�TXHVWLRQV�WKDW

FDQ�EH�XVHG�WR�SUREH�VWXGHQW�FRQFHSWXDO�XQGHUVWDQGLQJ���,Q�LQVWUXFWLRQ��ZLWK�D�ZHOO�

GHVLJQHG�PXOWLSOH�FKRLFH�WHVW��ZH�FDQ�XVH�WKH�FRQFHQWUDWLRQ�IDFWRU�WR�HYDOXDWH�VWXGHQW

SHUIRUPDQFH�DQG�WKHLU�PRGHOLQJ�FRQGLWLRQV�

)DFLOLWDWH�7HVW�'HYHORSPHQW

,Q�3(5�DQG�HGXFDWLRQ�UHVHDUFK�RQ�RWKHU�WRSLFV��PRUH�DQG�PRUH�UHVHDUFKHUV�DUH�ZRUNLQJ

RQ�GHYHORSLQJ�JRRG�PXOWLSOH�FKRLFH�WHVWV�
�
��7R�GHVLJQ�D�JRRG�WHVW��WKH�GHYHORSPHQW�VKRXOG

EH�EDVHG�RQ�V\VWHPDWLF�UHVHDUFK�RQ�VWXGHQW�XQGHUVWDQGLQJV�RI�WKH�UHODWHG�WRSLFV���2QFH�D

SURWRW\SH�LV�SURSRVHG��LW�KDV�WR�JR�WKURXJK�ILHOG�WHVWV�DQG�VHYHUDO�URXQG�RI�UHYLVLRQV���,Q

WKLV�SURFHVV��ZH�FDQ�XVH�WKH�FRQFHQWUDWLRQ�HYDOXDWLRQ�WR�KHOS�WKH�GHYHORSPHQW�

��� &RQILUP�WKH�SUHVHQFH��DQG�OHYHO��RI�HUURQHRXV�PRGHOV�GHWHFWHG�WKURXJK�UHVHDUFK�

7KH�GHVLJQ�RI�D�WHVW�XVXDOO\�VWDUWV�ZLWK�GHWDLOHG�VWXGHQW�LQWHUYLHZV�ZKHUH�WKH�LQFRUUHFW

VWXGHQW�PRGHOV�FDQ�EH�LGHQWLILHG���7KHQ�ZH�GHVLJQ�WKH�PXOWLSOH�FKRLFH�TXHVWLRQV�ZLWK

GLVWUDFWHUV�WKDW�FRUUHVSRQG�WR�WKHVH�VWXGHQW�PRGHOV���8VLQJ�WKH�FRQFHQWUDWLRQ�IDFWRU�WR

DQDO\]H�WKH�UHVXOWV�RI�WKH�WHVW��ZH�FDQ�REWDLQ�TXDQWLWDWLYH�HYDOXDWLRQV�DQG�HYLGHQFH�RQ

ZKHWKHU�WKHVH�GLVWUDFWHUV�FRUUHVSRQG�ZHOO�ZLWK�WKH�VWXGHQW�PRGHOV��DQG�RU�LI�WKH�VWXGHQW

PRGHOV�GHWHFWHG�LQ�LQWHUYLHZV�UHIOHFW�GR�UHIOHFW�FRPPRQ�PRGHOV�
�
��,I�D�GLVWUDFWHU�LV

HIIHFWLYH��LW�ZLOO�SURGXFH�D�ORZ�VFRUH�EXW�KLJK�&�DQG�*�

��� 'HWHFW�LWHPV�ZKHUH�D�UHOHYDQW�GLVWUDFWHU�PD\�EH�PLVVLQJ�

:KHQ�WKH�UHVXOW�VKRZV�D�W\SH�RI�ORZ�VFRUH�DQG�ORZ�FRQFHQWUDWLRQ��LW�LQGLFDWHV�WKDW�WKH

GLVWUDFWHUV�DUH�QRW�DWWUDFWLYH���7KLV�FDQ�EH�FDXVHG�E\�WKUHH�SRVVLEOH�VLWXDWLRQV�

�� 1RQH�RI�WKH�GLVWUDFWHUV�UHIOHFWV�D�FRPPRQ�VWXGHQW�PRGHO�

�� )RU�WKH�FRQWH[W�RI�WKH�TXHVWLRQ��WKHUH�GRHV�QRW�H[LVW�D�FRPPRQ�VWXGHQW�PRGHO�

�� $OO�WKH�FKRLFHV�FRUUHVSRQG�ZHOO�ZLWK�WKH�VWXGHQW�PRGHOV��DQG�WKH�QXPEHU�RI�WKH

VWXGHQWV�LQ�FODVV�ZLWK�WKH�LQGLYLGXDO�PRGHOV�DUH�DOPRVW�DQ�HYHQ�GLVWULEXWLRQ�RYHU�DOO

WKH�PRGHOV�



��

$V�D�UHVXOW��ZKHQ�D�TXHVWLRQ�ZLWK�ORZ�FRQFHQWUDWLRQ�LV�GHWHFWHG��ZH�QHHG�WR�GR�PRUH

UHVHDUFK�RQ�WKH�FRQFHSW�UHODWHG�WR�WKH�TXHVWLRQ�WR�IXUWKHU�FODULI\�WKH�GHWDLOV�LQYROYHG�

)DFLOLWDWH�,QVWUXFWLRQ�DQG�(YDOXDWLRQ

,Q�LQVWUXFWLRQ��ZKHQ�ZH�KDYH�D�UHVHDUFK�EDVHG�WHVW�DYDLODEOH��ZH�FDQ�XVH�WKH

FRQFHQWUDWLRQ�IDFWRU�WR�GR�PRUH�FRPSUHKHQVLYH�HYDOXDWLRQ�RQ�VWXGHQW�SHUIRUPDQFH�DQG�RQ

WKH�HIIHFWLYHQHVV�RI�LQVWUXFWLRQ�

7UDGLWLRQDOO\��VWXGHQW�SHUIRUPDQFH�LV�HYDOXDWHG�ZLWK�VFRUHV�RQ�D�WHVW���7KH�SUREOHP

ZLWK�LW�LV�WKDW�ZKHQ�VWXGHQWV�KDYH�ORZ�VFRUHV��ZKLFK�RIWHQ�RFFXUV�LQ�D�SUH�WHVW�VLWXDWLRQ

�DOVR�SRVVLEOH�IRU�SRVW�WHVW�ZLWK�LQHIIHFWLYH�LQVWUXFWLRQ���WKH�LQIRUPDWLRQ�RQ�KRZ�WKH

PDMRULW\�RI�VWXGHQWV�JHW�D�TXHVWLRQ�ZURQJ�FDQ�QRW�EH�UHIOHFWHG�ZLWK�VFRUHV���7KLV

LQIRUPDWLRQ�LV�RIWHQ�WKH�PRVW�LPSRUWDQW�FOXH�IRU�LQVWUXFWRUV�WR�LPSURYH�WKH�WHDFKLQJ

VWUDWHJLHV�

:LWK�WKH�FRQFHQWUDWLRQ�IDFWRU��ZH�FDQ�UHWDLQ�DW�OHDVW�SDUW�RI�WKH�LQIRUPDWLRQ�RQ�VWXGHQWV

JLYLQJ�LQFRUUHFW�DQVZHUV�DQG�LQIHU�WKH�VWXGHQW�PRGHOLQJ�FRQGLWLRQV���(VSHFLDOO\�ZKHQ

LQVWUXFWLRQ�LV�LQWHJUDWHG�ZLWK�UHVHDUFK��ZH�FDQ�XVH�FRQFHQWUDWLRQ�IDFWRU�WR�HYDOXDWH�

�� VWXGHQW�PRGHOLQJ�RQ�GLIIHUHQW�FRQFHSWV�

�� DQG�VWXGHQW�LPSURYHPHQW�ZLWK�GLIIHUHQW�LQVWUXFWLRQV�

7R�XVH�WKH�FRQFHQWUDWLRQ�IDFWRU��VHYHUDO�WRROV�KDYH�EHHQ�GHYHORSHG�LQFOXGLQJ�WKH

QXPHULFDO�HYDOXDWLRQ�RI�&�DQG�*��WKH�6�&�SORW��DQG�6�*�SORW���,W�LV�LPSRUWDQW�WR�ORRN�DW�WKH
GLIIHUHQW�PHDVXUHV�ZKHQ�FRQVLGHULQJ�VWXGHQW�SHUIRUPDQFH�HVSHFLDOO\�LI�ZH�ZDQW�WR�VWXG\

WKH�PRGHOLQJ�LVVXHV���6LQFH�LW�LV�D�PXOWL�GLPHQVLRQDO�SUREOHP��HDFK�PHDVXUHPHQW�FDQ�RQO\

SURYLGH�XV�D�JOLPSVH�IURP�D�FHUWDLQ�DQJOH���,Q�RUGHU�WR�JHW�D�PRUH�FRPSOHWH�SLFWXUH�RI�WKH

SUREOHP��LW�LV�QHHGHG�WR�ORRN�DW�LW�IURP�DOO�SRVVLEOH�DQJOHV�DQG�ORRN�IRU�WKH�LQIRUPDWLRQ�WKDW

EHVW�ILWV�RXU�JRDOV�

,PSOLFDWLRQV�IRU�7HVW�'HVLJQ

7R�XVH�WKLV�PHWKRG�HIIHFWLYHO\��ZH�QHHG�WR�GHVLJQ�DSSURSULDWH�TXHVWLRQV���6LQFH�ZH

ZDQW�WR�VWXG\�VWXGHQW�PRGHOLQJ��WKH�TXHVWLRQV�VKRXOG�EH�FDUHIXOO\�GHVLJQHG�VR�WKDW�WKH

GLVWUDFWHUV�PDWFK�WKH�FRPPRQ�LQFRUUHFW�PRGHOV���7R�DFKLHYH�EHVW�UHVXOWV��LW�LV�KHOSIXO�WR

KDYH�D�VLQJOH�FKRLFH�RQ�HDFK�TXHVWLRQ�UHSUHVHQWLQJ�RQH�SK\VLFDO�PRGHO�

7KH�QXPEHU�RI�FKRLFHV�LQ�HDFK�TXHVWLRQ�LV�DQ�LPSRUWDQW�IDFWRU���$�VPDOO�QXPEHU�RI

FKRLFHV�RQ�HDFK�TXHVWLRQ�FDQ�JHQHUDWH�ODUJH�GLVWRUWLRQ�RQ�VWXGHQW�UHVSRQVHV���2Q�D

PXOWLSOH�FKRLFH�WHVW��VWXGHQW�UHVSRQVHV�DUH�FRQVWUDLQHG�E\�WKH�H[LVWLQJ�FKRLFHV���,I�WKHUH�LV

RQO\�D�VPDOO�QXPEHU�RI�FKRLFHV��WKH�UDQGRP�QRLVH�FUHDWHG�E\�VWXGHQW�JXHVVLQJ�LV�ODUJH���,Q

DGGLWLRQ��IRU�VWXGHQWV�ZLWK�WKHLU�RZQ�UHDVRQLQJ��LI�WKH�FKRLFHV�GR�QRW�DOORZ�WKHP�WR�KDYH

WKH�RSSRUWXQLW\�WR�GLVSOD\�WKHLU�GLIIHUHQW�XQGHUVWDQGLQJ��WKHVH�VWXGHQWV�ZLOO�DOVR�EH�IRUFHG

WR�PDNH�D�JXHVV���7KHUHIRUH��ZH�QHHG�D�JRRG�QXPEHU�RI�FKRLFHV�FDUHIXOO\�GHVLJQHG�WR

PDWFK�WKH�YDULRXV�VWXGHQW�EHOLHIV��ZKLFK�VKRXOG�EH�UHVHDUFK�EDVHG��



��

7R�PLQLPL]H�WKH�UDQGRP�GLVWRUWLRQ��LW�LV�KHOSIXO�WR�DOORZ�D�VXEVWDQWLDO�QXPEHU�RI

FKRLFHV�LQ�D�TXHVWLRQ���7KHVH�DFW�OLNH�D�QRLVH�VSDFH�WKDW�LV�IUHH�IRU�WKH�VWXGHQWV�WR�JHW�LQWR�VR

WKDW�WKH�VWXGHQW�UHVSRQVHV�ZLOO�QRW�EH�IRUFHG�LQWR�DQ\�FKRLFHV�WKDW�DUH�DVVRFLDWHG�ZLWK

VWXGHQW�PRGHOV�DQG�WKHUHIRUH�FDQ�UHIOHFW�PRUH�RI�WKHLU�WUXH�XQGHUVWDQGLQJ�RI�WKH

FRUUHVSRQGLQJ�SK\VLFV�FRQFHSWV�

,Q�DGGLWLRQ��ZLWK�VPDOO�QXPEHU�RI�FKRLFHV�������WKH�PXOWLSOH�FKRLFH�TXHVWLRQ�EHFRPHV

PRUH�OLNH�D�WUXH�RU�IDOVH�TXHVWLRQ���,W�LV�WKHQ�PHDQLQJOHVV�WR�XVH�WKLV�FRQFHQWUDWLRQ

HYDOXDWLRQ��VLQFH�RQFH�WKH�VFRUH�LV�NQRZQ��WKH�VWXGHQW�LQFRUUHFW�UHVSRQVHV�DUH�DOVR�REYLRXV�

7KHUHIRUH��IURP�RXU�HPSLULFDO�H[SHULHQFH��LW�LV�VXJJHVWHG�WKDW�WKH�QXPEHU�RI�FKRLFHV�IRU

HDFK�TXHVWLRQ�VKRXOG�EH�QR�OHVV�WKDQ���

)XUWKHUPRUH��WR�NHHS�FRQVLVWHQF\�LQ�FDOFXODWLQJ�WKH�FRQFHQWUDWLRQ��LW�LV�UHFRPPHQGHG�WR

PDNH�DOO�WKH�TXHVWLRQV�KDYH�WKH�VDPH�QXPEHU�RI�FKRLFHV���+RZHYHU��ZKHQ�WKH�QXPEHU�RI

FKRLFHV�LV�ODUJH��!����VPDOO�YDULDWLRQV��r���RQ�WKH�QXPEHUV�RI�FKRLFHV�IRU�GLIIHUHQW
TXHVWLRQV�RQO\�UHVXOW�LQ�LQVLJQLILFDQW�FKDQJHV��VHH�FKDSWHU���IRU�DSSOLFDWLRQ�H[DPSOHV�ZLWK
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,Q�WKLV�FKDSWHU��,�KDYH�GLVFXVVHG�D�QHZO\�GHYHORSHG�PHWKRG�WR�VWXG\�WKH�VWUXFWXUH�RI�WKH

VWXGHQW�UHVSRQVHV�LQ�D�PXOWLSOH�FKRLFH�WHVW��ZKLFK�SURYLGHV�PRUH�XVHIXO�LQIRUPDWLRQ�RQ�WKH

GLVWULEXWLRQ�RI�WKH�VWXGHQW�UHVSRQVHV���7KH�UHVXOWV�FDQ�EH�IXUWKHU�XVHG�WR�DQDO\]H�WKH

FRQGLWLRQV�RI�VWXGHQW�PHQWDO�PRGHOV���6DPSOH�DSSOLFDWLRQV�ZLWK�)&,�GDWD�FRQILUP�PDQ\

ZLGHO\�UHFRJQL]HG�UHVXOWV�DQG�WKH�DGGLWLRQDO�LQIRUPDWLRQ�REWDLQHG�ZLWK�WKLV�PHWKRG

SURYLGHV�XV�QHZ�ZD\V�WR�VWXG\�WKH�VWXGHQW�GLIILFXOWLHV���:H�EHOLHYH�WKDW�WKLV�QHZ�PHWKRG

FDQ�EH�D�PRUH�FRPSUHKHQVLYH�HYDOXDWLRQ�RQ�VWXGHQW�SHUIRUPDQFH�LQ�PXOWLSOH�FKRLFH�WHVWV�



��

5HIHUHQFHV�DQG�(QGQRWHV�

������������������������������������������������
�
��7KH�GHILQLWLRQV�RI�SK\VLFDO�PRGHO�LV�GLVFXVVHG�LQ�FKDSWHU�����,I�WKH�UHDGHU�KDV�VNLSSHG

WKDW�FKDSWHU��LW�LV�UHFRPPHQGHG�WR�UHYLHZ�WKH�VHFWLRQ��7KH�'\QDPLFV�RI�6WXGHQW�0RGHOV�

ZKHUH�WKH�GHILQLWLRQ�LV�JLYHQ�

�
��6HH�FKDSWHU���IRU�GHWDLOV�DQG�UHIHUHQFHV�RI�WKLV�WHVW�

�
��6LQFH�WKLV�LV�YHU\�FORVH�WR�WKH�UDQGRP�VLWXDWLRQ�ZKHUH�WKH�HIIHFW�RI�WKH�UDQGRP�YDULDWLRQ

LV�ODUJH��LW�ZLOO�EH�GLIILFXOW�WR�GLIIHUHQWLDWH�ZKHWKHU�WKH�LQGLYLGXDO�UHVSRQVH�LV�GXH�WR

V\VWHPDWLF�UHDVRQLQJ�ZLWK�PDQ\�GLIIHUHQW�PRGHOV�RU�JXHVVLQJ�

�
��'DWD�FROOHFWHG�E\�'U��-��6DXO�DW�WKH�8QLYHUVLW\�RI�0DU\ODQG��80G��DQG�WKH�3ULQFH
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��/��&��0F'HUPRWW��3��6��6KDIIHU��7XWRULDOV�LQ�,QWURGXFWRU\�3K\VLFV��3UHQWLFH�+DOO��1HZ
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��,��$��+DOORXQ�DQG�'��+HVWHQHV��¦&RPPRQ�VHQVH�FRQFHSWV�DERXW�PRWLRQ§��$P��-��3K\V�
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���+LJK�SHUIRUPDQFH�JURXS������������������

�
�7R�QXPEHU�D�IHZ��,Q�0DU\ODQG��WKH�3(5�JURXS�LV�FXUUHQWO\�GHYHORSLQJ�WHVWV�RQ�HOHFWULF

FRQGXFWLYLW\�DQG�TXDQWXP�PHFKDQLFV���%��+XIQDJHO��D�FROODERUDWRU�RI�WKH�3(5�JURXS�DW

80G��LV�XVLQJ�WKLV�WRRO�WR�UHYLVH�WKH�DVWURQRP\�GLDJQRVWLF�WHVW��$'7��

�
��,W�FDQ�EH�DUJXHG�WKDW�RQH�FDQ�GR�WKH�VDPH�WKLQJ�E\�FRXQWLQJ�WKH�QXPEHUV�RI�UHVSRQVHV�RQ

LQGLYLGXDO�FKRLFHV���,W�LV�DQ�DEVROXWHO\�YDOLG�PHWKRG��KRZHYHU��,�ZRXOG�SUHIHU�WR�XVH�WKH

FRQFHQWUDWLRQ�EHFDXVH�WKH�FRXQWLQJ�QXPEHU�PHWKRG�UHTXLUHV�PRUH��¦5$0§�DQG

SURFHVVLQJ�WLPH�IURP�WKH�UHDGHU��VXSSRVH�ZH�KDYH����TXHVWLRQV�HDFK�ZLWK����FKRLFHV

ZKLFK�JLYHV�D�����HOHPHQW�WDEOH�IRU�RQH�WR�UHDG����,W�LV�DOVR�GLIILFXOW�WR�PDNH�GLUHFW

FRPSDULVRQ�RQ�UHVXOWV�RI�GLIIHUHQW�TXHVWLRQV�HLWKHU�ZLWKLQ�D�WHVW�RU�IURP�GLIIHUHQW�WHVWV�


