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7HFKQLFDO�%ULHI�RQ�WKH�6WDWLVWLFDO�0RGHO�8VHG�LQ�WKH��
�����5KRGH�,VODQG�6FKRRO�DQG�'LVWULFW�5HSRUWV��

�6FKRRO�<HDU������������
�

'HQQLV�:��&KHHN��0LQVXN�6KLP��
-XOLD�6WHLQ\��6WHSKHQ�%UDQG�

�
�
$FURVV�WKH�QDWLRQ��WKH�SXEOLF��OHJLVODWRUV�DQG�HGXFDWRUV�KDYH�EHFRPH�GHHSO\�FRQFHUQHG�
ZLWK�ILQGLQJ�ZD\V�WR�PHDVXUH�WKH�HIIHFWLYHQHVV�RI�VFKRROV�DQG�VFKRRO�V\VWHPV���7KHUH�LV�
VWDWHZLGH�DJUHHPHQW�LQ�5KRGH�,VODQG�WKDW�DOO�VWXGHQWV�QHHG�WR�DWWDLQ�KLJK�VWDQGDUGV�
WKDW�VLJQDO�WKDW�WKH\�DUH�SURILFLHQW�LQ�PDWKHPDWLFV��UHDGLQJ��ZULWLQJ��DQG�KHDOWK�DV�ZHOO�
DV�RWKHU�VFKRRO�VXEMHFWV���7KH�VWDWH�ZLOO�DQQXDOO\�DW�D�PLQLPXP�PHDVXUH�VWXGHQW�
DFKLHYHPHQW�LQ�PDWKHPDWLFV��UHDGLQJ��DQG�ZULWLQJ�DQG�UHSRUW�RXW�WR�WKH�JHQHUDO�SXEOLF�
KRZ�PDQ\�5KRGH�,VODQG�VWXGHQWV�DUH�SURILFLHQW�LQ�WKHVH�VXEMHFW�DUHDV����
�
3ROLWLFLDQV�DQG�HGXFDWRUV�KDYH�EHHQ�VWUXJJOLQJ�ZLWK�GHYHORSLQJ�XVHIXO�\DUGVWLFNV�IRU�
VFKRRO�HIIHFWLYHQHVV�WKDW�DUH�KRQHVW��DFFXUDWH�DQG�HDVLO\�FRPSUHKHQGHG���7KH�LQLWLDO�
VWDJHV�RI�WKLV�HIIRUW�KDYH�RIWHQ�UHVXOWHG�LQ�HYDOXDWLRQV�WKDW�DVVHVV��MXGJH�DQG�HYHQ�
PHWH�RXW�FRQVHTXHQFHV�WR�VFKRROV�ZKR¶YH�EHHQ�PHDVXUHG�E\�D�VPDOO�VHW�RI�EHQFKPDUNV�
WKDW�RIWHQ�GR�QRW�UHIOHFW�WKH�FRQWH[W�RI�WKH�LQGLYLGXDO�VFKRRO���0DQ\�VWDWHV��LQFOXGLQJ�
5KRGH�,VODQG��KDYH�SXEOLVKHG�DQQXDO�VWDWH�DFKLHYHPHQW�UHVXOWV���3HRSOH�KDYH�XVHG�
WKHVH�UHVXOWV�WR�UDQN�RUGHU�GLVWULFWV�DQG�VFKRROV�RQ�WKH�EDVLV�RI�WKRVH�UHVXOWV�DV�LI�WKH�
VFKRROV�ZHUH�FRPSHWLQJ�RQ�D�OHYHO�SOD\LQJ�ILHOG���:KLOH�YDOLG�IRU�FHUWDLQ�SXUSRVHV��WKHVH�
PHWKRGV�HQFRXUDJH�WKH�SXEOLF�WR�GUDZ�VRPHWLPHV�XQIRUWXQDWH�FRQFOXVLRQV�DERXW�WKH�
YDOXH�RI�D�VFKRRO�RU�VFKRRO�V\VWHP�EHFDXVH�WKH�\DUGVWLFN�LWVHOI�LV�QRW�VHQVLWLYH�WR�
GLIIHUHQFHV�LQ�VFKRRO�FRQWH[WV��WR�RWKHU�LQIRUPDWLRQ�DERXW�VFKRRO�SUDFWLFHV��RU�WR�
DFKLHYHPHQW�UHVXOWV�ZKLFK�DUH�QRW�SDUW�RI�WKH�IRUPDO�VWDWH�DVVHVVPHQW�SURJUDP��
�
,1)250$7,21�:25.6��
7KH�LQWHQWLRQ�EHKLQG�,QIRUPDWLRQ�:RUNV��LV�WR�RIIHU�D�YDULHW\�RI�VFKRRO�LQGLFDWRUV�WR�KHOS�
WKH�SXEOLF�DQG�HGXFDWRUV�XQGHUVWDQG�PRUH�FRPSOHWHO\�WKH�VFKRROV�DQG�WKH�ZLGHO\�
YDU\LQJ�FRQWH[WV�ZLWKLQ�ZKLFK�VFKRROV��WHDFKHUV�DQG�VWXGHQWV�RSHUDWH���7KH�XOWLPDWH�
JRDO�RI�,QIRUPDWLRQ�:RUNV�����DQG�LQGHHG�$UWLFOH����ZKLFK�FUHDWHG�LW����LV�WR�DVVLVW�HDFK�
VFKRRO�LQ�LWV�HIIRUWV�WR�LPSURYH�VWXGHQW�DFKLHYHPHQW�E\�SURYLGLQJ�PHDVXUHV�WKDW�IRFXV�
RQ�JHWWLQJ�DOO�VWXGHQWV�WR�WKH�OHYHO�RI�352),&,(17�DV�ZHOO�DV�GHPRQVWUDWLQJ�OHVV�
REYLRXV�SURJUHVV�WRZDUG�WKHVH�GHVLUHG�HQGV���$V�$UWLFOH����UHFRJQL]HV��FHUWDLQ�VFKRROV�
RU�GLVWULFWV�ZLOO�QHHG�PRUH�KHOS�DQG�PRUH�WLPH�WR�SURGXFH�RSWLPDO�VWXGHQW�DFKLHYHPHQW���
,QIRUPDWLRQ�:RUNV��VXSSOLHV�LQIRUPDWLRQ�WKDW�FDQ�KHOS�VFKRROV�E\�LQIRUPLQJ�WKHLU�
VWUDWHJLF�SODQQLQJ�DQG�VFKRRO�LPSURYHPHQW�LQLWLDWLYHV���7KH�&RPSUHKHQVLYH�(GXFDWLRQ�
6WUDWHJ\��&(6��VWDWHV�TXLWH�HPSKDWLFDOO\�WKDW�PDQ\�WKLQJV�ZLOO�KDYH�WR�FKDQJH�LQ�RUGHU�
WR�FUHDWH�KLJK�SHUIRUPLQJ�VFKRROV�IRU�DOO�5,�FKLOGUHQ��(YHU\RQH�IURP�WKH�VFKRROKRXVH�WR�
WKH�VWDWHKRXVH�ZLOO�KDYH�WR�JHW�LQYROYHG�LI�ZH�DUH�WR�VXFFHHG���&HUWDLQO\��WKHVH�FKDQJHV�
PXVW�LQFOXGH�WKH�GHYHORSPHQW�RI�QHZ�PHWKRGV�IRU�HYDOXDWLQJ�VFKRROV�LQ�ZD\V�WKDW�
SURYLGH�D�ULFK��VXSSRUWLYH�FRQWH[W�IRU�VFKRRO�EDVHG�GHFLVLRQ�PDNLQJ�DQG�FRRUGLQDWHG�
VWDWH�SROLF\�FKDQJHV��
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�
67$7,67,&$//<�*(1(5$7('��
3(5)250$1&(�5$1*(�9(5686�$&78$/�3(5)250$1&(�
7KH�VHFRQG�ILHOG�RI�WKH�5KRGH�,VODQG�VFKRRO�UHSRUWV�SUHVHQWV�D�VFKRRO¶V�DFKLHYHPHQW�
UHVXOWV�RQ�YDULRXV�VWDWH�WHVWV�LQ�D�PDQQHU�GLIIHUHQW�IURP��EXW�FRPSOHPHQWDU\�WR��WKH�
UHSRUWLQJ�RI�DEVROXWH�VFRUHV�RQ�VWDWH�DFKLHYHPHQW�WHVWV���7KH�IRXUWK�ILHOG�RI�WKH�5KRGH�
,VODQG�VFKRRO�UHSRUWV�WDNHV�WKH�VDPH�DFKLHYHPHQW�UHVXOWV�DQG�SRUWUD\V�WKHP�LQ�\HW�D�
WKLUG�PDQQHU�±�DV�GLVDJJUHJDWHG�UHVXOWV�UHSRUWHG�E\�WKH�GLIIHUHQW�W\SHV�RI�VWXGHQWV�
IRXQG�ZLWKLQ�D�VFKRRO���$�FRPELQDWLRQ�RI�DOO�WKUHH�ZD\V�WR�YLHZ�WKHVH�DFKLHYHPHQW�
UHVXOWV�OHDGV�WR�D�PXFK�ULFKHU�DQG�GHHSHU�XQGHUVWDQGLQJ�RI�KRZ�DQ�LQGLYLGXDO�VFKRRO�LV�
GRLQJ�LQ�KHOSLQJ�DOO�LWV�VWXGHQWV�DWWDLQ�WKH�UHTXLUHG�OHYHO�RI�352),&,(1&<�RQ�WKH�VWDWH�
DGPLQLVWHUHG�WHVWV��
�
,Q�EULHI��5,'(�DQG�UHVHDUFKHUV�DW�85,¶V�1DWLRQDO�&HQWHU�IRU�3XEOLF�(GXFDWLRQ�DQG�6RFLDO�
3ROLF\��1&3(��KDYH�XVHG�VWDWHZLGH�VWXGHQW�LQIRUPDWLRQ�WR�FUHDWH�ZLWKLQ�WKH�VHFRQG�ILHOG�
RI�WKH�UHSRUW�D�YLUWXDO�VFKRRO��WKDW�LV��GDWD�DERXW�JURXSV�RI�VWXGHQWV�ZKRVH�
FKDUDFWHULVWLFV�DUH�VWDWLVWLFDOO\�WKH�VDPH�DV�WKH�RQHV�LQ�D�VLQJOH�VFKRRO�UHSRUW���7KLV�
VHFRQG�ILHOG�GHPRQVWUDWHV�KRZ�DQ�LQGLYLGXDO�VFKRRO�LV�SHUIRUPLQJ�ZKLOH�WDNLQJ�LQWR�
DFFRXQW�D�QXPEHU�RI�VWXGHQW�YDULDEOHV���,Q�WKH�SDVW�VFKRROV�KDYH�EHHQ�FRPSDUHG�VROHO\�
E\�UDZ�DFKLHYHPHQW�VFRUHV�DV�LI�WKH�FKDOOHQJHV�LQ�HDFK�VFKRRO�ZHUH�URXJKO\�WKH�VDPH���
:H�NQRZ�WKH\�DUH�QRW���,Q�WKH�IXWXUH��DV�VFKRROV�LPSURYH�DQG�DV�RXU�VWDWLVWLFDO�PRGHO�LV�
UHILQHG�ZLWK�PRUH�YDULDEOHV��WKH�³YLUWXDO�VFKRROV´�ZLOO�DOVR�FKDQJH��
�
$OO�FKLOGUHQ�LQ�DOO�VFKRROV�FDQ�DQG�PXVW�PHHW�WKH�5HJHQWV¶�KLJK�VWDQGDUGV�IRU�
SURILFLHQF\���%XW�VFKRROV�DQG�WKH�ZLGHU�SXEOLF�QHHG�WR�XQGHUVWDQG�ZKLFK�VFKRROV�DUH�
LQGHHG�PDNLQJ�SURJUHVV�RU�DUH�PRUH�HIIHFWLYH�WKDQ�RWKHU�VFKRROV�ZKLFK�DUH�UHVRXUFHG�
VLPLODUO\�DQG�DUH�IDFLQJ�VLPLODU�FKDOOHQJHV���2YHU�WLPH��WKLV�YLUWXDO�VFKRRO�PRGHO�ZLOO�
SURYLGH�DQ�DGGLWLRQDO�PHDVXUH�WKDW�KHOSV�WKH�VWDWH�WR�WDUJHW�LQYHVWPHQWV�RI�ERWK�PRQH\�
DQG�KXPDQ�UHVRXUFHV�WR�LPSURYH�VFKRROV��
�
)$&7256�$662&,$7('�:,7+�678'(17�$&+,(9(0(17�
3ULRU�DFKLHYHPHQW�LV�WKH�PRVW�SRZHUIXO�SUHGLFWRU�RI�VFKRRO�VXFFHVV��DFFRXQWLQJ�IRU�
DERXW�����RI�WKH�YDULDWLRQ�LQ�VWXGHQW�DFKLHYHPHQW�VFRUHV��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�
DERXW�KDOI�RI�WKH�YDULDWLRQ�LQ�VWXGHQW�DFKLHYHPHQW�LV�VWLOO�µXS�IRU�JUDEV´�ZKHQ�ZH�DUH�
WDONLQJ�DERXW�VWXGHQW�SRSXODWLRQV�DV�D�ZKROH��7KLV�����RI�XQDFFRXQWHG�IRU�YDULDWLRQ�LQ�
VWXGHQW�DFKLHYHPHQW�PD\�EH�PDUNHGO\�DIIHFWHG�E\�WKLQJV�OLNH�JRRG�WHDFKLQJ�SUDFWLFHV��
VWURQJ�SDUHQW�VXSSRUW�IRU�OHDUQLQJ��FRPPXQLW\�RU�FXOWXUDO�H[SHFWDWLRQV��DQG�VWXGHQW�
PRWLYDWLRQ��%DUULQJ�XQIRUHVHHQ�FLUFXPVWDQFHV��D�FKLOG�ZKR�LV�DFKLHYLQJ�DFDGHPLFDOO\�ZLOO�
SUREDEO\�FRQWLQXH�WR�DFKLHYH�±�WKH�H[DFW�DPRXQW�RI�DFKLHYHPHQW�EHLQJ�LQIOXHQFHG�
VWURQJO\�E\�SULRU�DFKLHYHPHQW�DQG�D�KRVW�RI�RWKHU�IDFWRUV��1R�PDWWHU�ZKDW�WKH�IDPLO\¶V�
FLUFXPVWDQFHV��DQ\�FKLOG�ZKR�FRQVLVWHQWO\�DUULYHV�DW�VFKRRO�DGHTXDWHO\�QRXULVKHG��
UHVWHG��KHDOWK\��DQG�IHHOLQJ�VDIH�DQG�VWDEOH�ZLOO�EH�DEOH�WR�DFTXLUH�DQG�DFFXPXODWH�
OHDUQLQJ��7KLV�LV�ZKDW�ZH�PHDQ�E\�³UHDG\�WR�OHDUQ�´�$�FKLOG¶V�UHDGLQHVV�WR�OHDUQ��
HVSHFLDOO\�LQ�WKH�HDUO\�\HDUV��SRVLWLRQV�WKDW�FKLOG�IRU�OLIHORQJ�VXFFHVV�ZLWK�OHDUQLQJ��
�
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$�ZHDOWK�RI�VWXGLHV�VKRZV�WKDW�IDPLO\�EDFNJURXQG�FKDUDFWHULVWLFV�DUH�DOVR�FORVHO\�UHODWHG�
WR�VWXGHQW�DFKLHYHPHQW���6FKRROV�ZLWK�OHVV�HFRQRPLFDOO\�SULYLOHJHG�VWXGHQWV��IRU�
H[DPSOH��DOPRVW�DOZD\V�KDYH�ORZHU�DFKLHYHPHQW�VFRUHV����:KHQ�5,�UDQN�RUGHUV�WKHLU�
VWDWH�WHVW�UHVXOWV��WKH�UHVXOWV�FORVHO\�PLUURU�WKH�VRFLRHFRQRPLF�VWDWXV��6(6��RI�WKH�
GLVWULFW��WKXV��KLJK�LQFRPH�GLVWULFWV�KDYH�KLJK�VFRUHV�DQG�VFRUHV�GURS�ZLWK�D�VWURQJ�
FRUUHVSRQGHQFH�WR�WKH�UHODWLYH�GURS�LQ�LQFRPH����&KDQJHV�LQ�PDQ\�RWKHU�FKDUDFWHULVWLFV�
�YDULDEOHV��KDYH�DOVR�EHHQ�VKRZQ�E\�PDQ\�UHVHDUFK�VWXGLHV�WR�FRUUHODWH�FORVHO\�WR�
VWXGHQW�DFKLHYHPHQW��7KHVH�LQFOXGH��
�
� 3ULRU�DFKLHYHPHQW�RQ�DSWLWXGH�
� 3DUWLFLSDWLRQ�LQ�IUHH�DQG�UHGXFHG�OXQFK�SURJUDP�
� 0LQRULW\�VWDWXV�
� (GXFDWLRQDO�OHYHO�RI�WKH�PRWKHU�
� )DWKHU¶V�RFFXSDWLRQ�
� )DPLO\�LQFRPH�
� 1XPEHU�RI�VLEOLQJV�
� 6WXGHQWV�UHFHLYLQJ�VSHFLDO�VHUYLFHV��H�J���VSHFLDO�HGXFDWLRQ��ELOLQJXDO�RU�/(3�

HGXFDWLRQ���
��
$GGLWLRQDOO\��DW�KLJKHU�OHYHOV�RI�WKH�V\VWHP�EH\RQG�JURXSV�RI�LQGLYLGXDO�VWXGHQWV��ZH�
NQRZ�WKDW�D�QXPEHU�RI�RWKHU�IDFWRUV�DUH�DVVRFLDWHG�ZLWK�VWXGHQW�DFKLHYHPHQW�VXFK�DV�
VFKRRO�VHWWLQJV��XUEDQ��UXUDO��VXEXUEDQ���SHU�SXSLO�H[SHQGLWXUH��SROLFLHV�DQG�SUDFWLFHV�
ZLWKLQ�VFKRROV�RU�VFKRRO�GLVWULFWV��DQG�FRPPXQLW\�FKDUDFWHULVWLFV�H�J���MRE�PDUNHW��WD[�
VXSSRUW�����
�

                                                           
1 Cf. Daniel Koretz, “Indicators of educational achievement,” In Indicators of Children’s Well-Being, Eds. 
Robert M. Hauser, Brett V. Brown, William R. Prosser.  New York:  Russell Sage Foundation, 1997, pp. 208-234; 
Stephen P. Klein et al., “Gender and racial/ethnic differences on performance assessments in science,” Educational 
Evaluation and Policy Analysis, 19(2): 83-98, 1997; Bonnie L. Halpern-Felsher et al., “Neighborhood and family 
factors predicting educational risk and attainment in African American and white children and adolescents,” in 
Neighborhood Poverty: Context and Consequences for Children, Eds. Jeanne Brooks-Gunn, Greg J. Duncan, J. 
Lawrence Aber.  New York:  Russell Sage Foundation, 1997, Volume 1, pp. 146-173; Jeanne-Brooks Gunn, Greg J. 
Duncan, “The effects of poverty on children,” Children and Poverty, 7(2): 55-71, 1997. 
2  David Kaplan, Pamela R. Elliott, “A model-based approach to validating education indicators using 
multilevel structural equation modeling,” Journal of Educational and Behavioral Statistics, 22(3): 323-347, 1997; 
Garrett K. Mandeville, “The South Carolina experience with incentives,” In Midwest Approaches to School Reform, 
Eds. Thomas A. Downes, William A. Testa.  Chicago:  Federal Reserve Bank of Chicago, 1994, pp. 69-91; Robert 
D. Felner et al., “The impact of school reform for the middle years: Longitudinal study of a network engaged in 
Turning Points-based comprehensive school transformation,” Phi Delta Kappan, 78(7): 528-532, 541-550, 1997; 
Stephen W. Raudenbush, Randall P. Fotiu, Yuk Fai Cheong, “Inequality of access to educational resources: A 
national report card for eighth-grade math,” Educational Evaluation and Policy Analysis, 20(4): 253-267, 1998; G. 
Alfred Hess, Jr., “Understanding achievement (and other) changes under Chicago school reform,” Educational 
Evaluation and Policy Analysis, 21(1): 67-84, 1999. 
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3HUIRUPDQFH�LQGLFDWRUV�RI�VFKRRO�HIIHFWV�KDYH�EHHQ�V\VWHPDWLFDOO\�FROOHFWHG�LQ�D�
YDULHW\�RI�SODFHV�LQ�WKH�8�6��DQG�HOVHZKHUH����$WWHPSWV�WR�LGHQWLI\�HIIHFWLYH�
VFKRROV�KDYH�FUHDWHG�PDQ\�FRQWURYHUVLHV�RYHU�WKH�NLQGV�RI�GDWD�WR�EH�FROOHFWHG��
WKH�DSSURSULDWH�PHWKRGRORJLHV�WR�EH�HPSOR\HG�DQG�WKH�LQWHUSUHWDWLRQ�RI�VSHFLILF�
UHVXOWV���7KH�ILUVW�IHZ�\HDUV�RI�,QIRUPDWLRQ�:RUNV��ZLOO�SUREDEO\�ZLWQHVV�VLPLODU�
FRQWURYHUVLHV���7KH�UHVHDUFKHUV�ZKR�FRQVWUXFWHG�WKH������5,�PRGHO�DUH�QRW�
ZHGGHG�WR�LW���7KLV�\HDU¶V�PRGHO�ZDV�EDVHG�RQ�YDULRXV�GDWD�VRXUFHV�WKDW�ZHUH�
DOUHDG\�DYDLODEOH�DQG�WRRN�LQWR�DFFRXQW�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�DVVRFLDWHG�
ZLWK�HDFK�DYDLODEOH�GDWD�VHW���$V�ERWK�WKH�TXDOLW\�RI�WKH�GDWD�LPSURYHV�DQG�QHZ�
UHVHDUFK�LV�DFFRPSOLVKHG��WKH�PRGHO�ZLOO�HYROYH�DQG�EHFRPH�LQFUHDVLQJO\�
VRSKLVWLFDWHG��
�
7KH�IROORZLQJ�IHZ�VHFWLRQV�RI�WKLV�EULHI�GHVFULEH�VRPH�JHQHUDO�VWDWLVWLFDO�
SULQFLSOHV�WKDW�DUH�LPSRUWDQW�IRU�XQGHUVWDQGLQJ�WKH�VWDWLVWLFDO�PRGHO�XVHG�LQ�WKLV�
\HDU¶V�,QIRUPDWLRQ�:RUNV����7KHVH�SULQFLSOHV�DUH�WKHQ�DSSOLHG�VSHFLILFDOO\�WR�WKH�
PRGHO�WKDW�ZDV�FUHDWHG�WR�JHQHUDWH�WKH�VHFRQG�ILHOG�RI�WKH�5KRGH�,VODQG�VFKRRO�
DQG�GLVWULFW�UHSRUWV���5HDGHUV�DOUHDG\�IDPLOLDU�ZLWK�KLHUDUFKLFDO�UHJUHVVLRQ�
DQDO\VLV�PD\�ZLVK�WR�VNLS�GLUHFWO\�WR�WKH�VHFWLRQV�RQ�08/7,3/(�
5(*5(66,21�$1'�7+(�5,�02'(/��VWDUWLQJ�RQ�SDJH����
�
67$7,67,&$/�6,*1,),&$1&( 
5HVHDUFKHUV�ZDQW�WR�NQRZ�DQG�WR�EH�DEOH�WR�VD\�ZLWK�VRPH�GHJUHH�RI�FRQILGHQFH�
ZKHWKHU�DQ\�UHODWLRQVKLSV�WKH\�KDYH�IRXQG�DPRQJ�YDULRXV�W\SHV�RI�GDWD�DUH�
GLIIHUHQW�IURP�UHODWLRQVKLSV�WKH\�ZRXOG�ILQG�VROHO\�GXH�WR�FKDQFH����$�PHDVXUH�IRU�
WKH�GHJUHH�RI�FRQILGHQFH�ZH�KDYH�LQ�D�UHODWLRQVKLS�LV�VWDWLVWLFDO�VLJQLILFDQFH���
0RVW�UHVHDUFKHUV�DUH�ZLOOLQJ�WR�GHFODUH�WKDW�D�UHODWLRQVKLS�LV�VWDWLVWLFDOO\�
VLJQLILFDQW�LI�WKH�FKDQFHV�RI�REVHUYLQJ�WKH�UHODWLRQVKLS�LQ�WKH�VDPSOH�DUH�OHVV�WKDQ�
����DVVXPLQJ�QR�RWKHU�IDFWRUV�DUH�DIIHFWLQJ�WKH�GDWD�VHW����6WDWLVWLFDO�PRGHOLQJ�LV�
EDVHG�RQO\�RQ�WKH�IDFWRUV�LQFOXGHG�LQ�WKH�PRGHO�DQG�E\�LWV�DUWLILFLDO�QDWXUH�
DXWRPDWLFDOO\�H[FOXGHV�DOO�RWKHU�IDFWRUV����,Q�RWKHU�ZRUGV��D�UHODWLRQVKLS�LV�
FRQVLGHUHG�WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW�LI�LW�DSSHDUV�OHVV�IUHTXHQWO\�WKDQ�����RI�
WKH�UHODWLRQVKLSV�DPRQJ�WKH�VHOHFWHG�YDULDEOHV�ZH�ZRXOG�H[SHFW�WR�VHH�MXVW�E\�
FKDQFH����
�
7KXV��RQ�WKH�VHFRQG�ILHOG�RI�WKH�VFKRRO�UHSRUW�FKDUWV��WKH�EDQG��UDQJH��
LOOXVWUDWLQJ�WKH�VWDWLVWLFDO�PRGHO¶V�SURMHFWLRQ�UHSUHVHQWV�WKLV�����FRQILGHQFH�OHYHO�
���L�H���WKDW�WKHUH�LV�QR�PRUH�WKDQ�D����SRVVLELOLW\�WKDW�D�VFKRRO¶V�DFWXDO�VFRUHV�
ZRXOG�OLH�RXWVLGH�WKH�EDQG�GXH�VROHO\�WR�FKDQFH���7KLV�FRQILGHQFH�OHYHO�IRU�WKH�
PRGHO��UHSUHVHQWHG�E\�WKH�UDQJH�RI�WKH�EDQG��LQFOXGHV�QRW�RQO\�DFWXDO�QXPHULFDO�
FDOFXODWLRQV�IRU�VFRUHV�EXW�DOVR�LQFOXGHV�VWDWLVWLFDO�HUURUV�WKDW�DUH�SDUW�RI�WKH�
PRGHO����3OHDVH�QRWH�WKDW�DOO�PRGHOV�KDYH�VWDWLVWLFDO�HUURUV�DQG�WDNH�WKHP�LQWR�
DFFRXQW�GXULQJ�FDOFXODWLRQV����+RZHYHU��EHFDXVH�WKLV�PRGHO�LV�EDVHG�RQ�VWDWLVWLFDO�
                                                           
3  J. Douglas Willms, Monitoring School Performance: A Guide for Educators.  Philadelphia:  
Falmer Press, 1992; Centre for Educational Research and Innovation, Measuring the Quality of Schools.  
Paris, France: Organization for Economic Co-operation and Development, 1995; Centre for Educational 
Research and Innovation, Measuring What Students Learn.  Paris, France: Organization for Economic Co-
operation and Development, 1995; Sandra Black, “Measuring the value of better schools,” Economic 
Policy Review, 4(1): 87-94, 1998; Lascelles Anderson, Herbert J. Walberg, Thomas Weinstein, “Efficiency 
and effectiveness analysis of Chicago public elementary schools: 1989, 1991, 1993,” Educational 
Administration Quarterly, 34(4): 484-504, 1998. 
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SUREDELOLW\��WKHUH�LV�WKH�SRVVLELOLW\�WKDW�D�VFKRRO�FRXOG�OLH�EHORZ�RU�RXWVLGH�WKH�
EDQG�WKLV�\HDU�RU�HYHQ�LQ�VXEVHTXHQW�\HDUV�VROHO\�E\�FKDQFH��2QH�JRDO�RI�WKH�
6$/7�LQLWLDWLYH�LV�WR�VKLIW�WKH�IXQGDPHQWDO�SDUDGLJP�RI�VFKRRO�LPSURYHPHQW�LQ�
5KRGH�,VODQG�WRZDUG�D�EOHQG�RI�D�ULFK�YDULHW\�RI�GDWD�VRXUFHV�IRU�PHDVXULQJ��
LPSURYLQJ��DQG�MXGJLQJ�VFKRRO�SHUIRUPDQFH��7KLV�PHDQV�WKDW�WKH�VWDWLVWLFDO�
PRGHO�DORQH�VKRXOG�QRW�EH�XVHG�WR�DVVHVV�D�VFKRRO�EXW�PXVW�EH�FRXSOHG�ZLWK�
RWKHU�GDWD�IURP�LQGHSHQGHQW�VRXUFHV�WKDW�FRQILUP�WKDW�WKH�UHVXOWV�DUH�QRW�GXH�WR�
FKDQFH���)RU�H[DPSOH��E\�XVLQJ�D�FRPELQDWLRQ�RI�6$/7�VXUYH\�GDWD��REVHUYDWLRQV�
RI�LQGHSHQGHQW�REVHUYHUV�LQ�WKH�FRXUVH�RI�6$/7�YLVLWV��DQDO\VLV�RI�VHOHFWHG�
VDPSOHV�RI�DFWXDO�VWXGHQW�ZRUN�DQG�RWKHU�IRUPV�RI�ORFDO�VWXGHQW�DVVHVVPHQW�
UHVXOWV��DQ�REVHUYHU�FRXOG�FRQILUP�WKDW�WKHVH�³DGMXVWHG´�DVVHVVPHQW�UHVXOWV�DUH�
QRW�GXH�WR�FKDQFH��7KH�5,�6NLOOV�&RPPLVVLRQ�LV�ZRUNLQJ�RQ�D�VLPLODU�SDUDGLJP�
VKLIW�DW�WKH�OHYHO�RI�WKH�LQGLYLGXDO�KLJK�VFKRRO�VWXGHQW�LQ�WKHLU�HIIRUWV�WR�GHVLJQ�D�
&HUWLILFDWH�RI�,QLWLDO�0DVWHU\��&,0��WKDW�FUHGHQWLDOV�D�VWXGHQW¶V�DFKLHYHPHQW�RQ�
WKH�EDVLV�RI�KDYLQJ�REVHUYHG�D�ULFK�DUUD\�RI�GDWD�WKDW�GHPRQVWUDWHV�FRQYLQFLQJO\�
WKDW�WKH�VWXGHQW�KDV�WKH�UHTXLVLWH�FRPSHWHQFLHV�IRU�OLIH��OLYLQJ�DQG�HPSOR\PHQW�LQ�
WKH���VW�FHQWXU\���
�
7KH�PHDQLQJ�RI�VWDWLVWLFDO�VLJQLILFDQFH�DOVR�KROGV�WUXH�IRU�DQ\�GDWD�UHVXOWV�IRU�
LQGLYLGXDO�VWXGHQWV��JURXSV�RI�VWXGHQWV�RU�JURXSV�RI�VFKRROV���$V�D�UXOH�RI�WKXPE��
IRU�H[DPSOH��VWDWLVWLFLDQV�URXWLQHO\�FRQGXFW�WKHLU�VWXGLHV�DFFRXQWLQJ�IRU�WKH�IDFW�
WKDW����RI�DQ\�GDWD�VHW�LV�OLNHO\�IODZHG�GXH�WR�HQWU\�RU�RWKHU�GDWD�HUURUV���
6WDWLVWLFDO�SUREDELOLW\�XQGHUVFRUHV�ZK\�LW�LV�DOZD\V�LQDGYLVDEOH�WR�MXGJH�VFKRROV�
VROHO\��IRU�H[DPSOH��RQ�WKH�UHVXOWV�RI�VWDWH�WHVWLQJ�SURJUDPV�ZKLFK�E\�WKHLU�YHU\�
QDWXUH�DUH�OLPLWHG�LQ�WLPH��VFRSH��FRPSOH[LW\��DQG�DERYH�DOO�HOVH��DUH�WKHPVHOYHV�
VXEMHFW�WR�WKH�ODZV�RI�SUREDELOLW\�DQG�VWDWLVWLFV���
�
3OHDVH�QRWH�WKDW�VWDWLVWLFDO�VLJQLILFDQFH�GRHV�QRW�PHDQ�WKDW�WZR�YDULDEOHV�KDYH�D�
UHODWLRQVKLS�WKDW�LV�QHFHVVDULO\�PRUH�WKDQ�VWDWLVWLFDOO\�LPSRUWDQW���)RU�H[DPSOH��D�
VFKRRO�PD\�VLW�MXVW�RXWVLGH�WKH�WRS�RI�D�EDQG�VHYHUDO�\HDUV�LQ�D�URZ���4XLWH�
SRVVLEO\�WKH�VFKRRO¶V�VWDII�DQG�LWV�SDUHQWV�PLJKW�DWWDFK�YHU\�GLIIHUHQW�YDOXHV�WR�
WKH�WKUHH�SHUFHQWDJH�SRLQWV�GLIIHUHQFH�EHWZHHQ�EHLQJ�ZLWKLQ�RU�MXVW�RXWVLGH�WKH�
EDQG���7KH�VFKRRO¶V�VWDII�PD\�LQWHUSUHW�WKH�SHUFHQWDJH�SRLQWV�DV�HYLGHQFH�WKDW�
WKH\�DUH�GRLQJ�EHWWHU�WKDQ�RWKHU�VFKRROV�DQG�WKXV�GR�QRW�QHHG�VLJQLILFDQW�
LPSURYHPHQW��7KH�SDUHQWV�PLJKW�VHH�WKHVH�SHUFHQWDJH�GLIIHUHQFHV�DV�HYLGHQFH�
RI�DQ�HYHQ�ODUJHU�JDS�EHWZHHQ�FXUUHQW�SURILFLHQF\�DQG�SURILFLHQF\�RQ�WKH�SDUW�RI�
$//�VWXGHQWV�LQ�WKH�VFKRRO��6RPHWLPHV�D�YHU\�LQWHUHVWLQJ�UHODWLRQVKLS�PD\�EH�
PLVVHG�LI�LW�IDLOV�WR�DFKLHYH�VWDWLVWLFDO�VLJQLILFDQFH�DQG�WKH�ODFN�RI�FRPSOLPHQWDU\�
REVHUYDWLRQV�GRHV�QRW�IOHVK�RXW�WKLV�VXEWOH�UHODWLRQVKLS���:LWKRXW�D�YHU\�VWURQJ�
UHODWLRQVKLS��D�VXIILFLHQWO\�ODUJH�VDPSOH��RU�FRPSOLPHQWDU\�REVHUYDWLRQV��FKDQFH�
LV�KDUG�WR�UXOH�RXW��
�
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,Q�WHUPV�RI�5KRGH�,VODQG�DFKLHYHPHQW�UHVXOWV��IRU�H[DPSOH��FHUWDLQ�VFKRROV�VKRZ�
GLVDJJUHJDWLRQV�RI�VWXGHQW�DFKLHYHPHQW�UHVXOWV�DPRQJ�JURXSV�RI�VWXGHQWV�
�ZKLWHV�YHUVXV�RWKHU�JURXSV��/(3�YHUVXV�QRQ�/(3��ZKLFK�DUH�QRW�VWDWLVWLFDOO\�
VLJQLILFDQW�GXH�VROHO\�WR�WKH�IDFW�WKDW�WKH�VDPSOH�GRHV�QRW�LQFOXGH�D�VXIILFLHQW�
QXPEHUV�RI�LQGLYLGXDOV�WR�DFKLHYH�VWDWLVWLFDO�VLJQLILFDQFH���&RQYHUVHO\��RWKHU�
VFKRROV�VKRZ�³JDSV´�ZKLFK�DUH�VWDWLVWLFDOO\�VLJQLILFDQW��EXW�WKH�����SRLQWV�
GLIIHUHQFH�PD\�EH�HGXFDWLRQDOO\�XQLPSRUWDQW�JLYHQ�WKH�SRVVLELOLW\�RI�YDULDWLRQ�LQ�
DFKLHYHPHQW�WHVW�VFRUHV�IURP�RQH�GD\�WR�WKH�QH[W�DPRQJ�WKH�VDPH��RU�VLPLODU��
JURXS�RI�VWXGHQWV���,Q�RWKHU�ZRUGV��WKHUH�LV�D�QDWXUDO�IOXFWXDWLRQ�LQ�LQGLYLGXDO�
�DQG�VRPHWLPHV�ZKROH�FODVV��SHUIRUPDQFH�GXH�WR�RWKHU�IDFWRUV��
�

7KH�VLPSOHVW�NLQG�RI�YLVXDO�GHVFULSWLRQ�RI�D�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�LV�
D�VWUDLJKW�OLQH����,PDJLQH��LI�\RX�ZLOO��SORWWLQJ��VFDWWHU�SORWWLQJ��D�ZKROH�VHW�RI�
VSHQGLQJ�SHU�VWXGHQW�GDWD�DQG�WKHQ�GUDZLQJ�D�VWUDLJKW�OLQH�WKDW�FRPHV�DV�FORVH�
DV�SRVVLEOH�WR�DOO�WKH�SRLQWV�LQ�WKH�VFDWWHU�SORW����6HH�WKH�GLDJUDP�DERYH�����:H�
FDOO�WKLV�SURFHGXUH�³UHJUHVVLRQ�´�WKH�UHVXOWLQJ�OLQH�WKH�³UHJUHVVLRQ�OLQH´�DQG�WKH�
IRUPXOD�WKDW�GHVFULEHV�WKH�OLQH�WKH�³UHJUHVVLRQ�HTXDWLRQ�´��7KH�ZRUG�³UHJUHVVLRQ´�
RULJLQDWHG�IURP�)UDQFLV�*DOWRQ¶V�ZRUN�LQ�WKH�ODWH�����V�ZKHQ�KH�UHDOL]HG�WKDW�IRU�
PDQ\�UHODWLRQVKLSV�WKHUH�ZDV�³UHJUHVVLRQ´��UHYHUVLRQ��WRZDUG�ZKDW�KH�WHUPHG�
³PHGLRFULW\�´��:H�QRZ�H[SUHVV�WKLV�IUHTXHQWO\�VHHQ�VWDWLVWLFDO�SKHQRPHQRQ�DV�
³UHJUHVVLRQ�WRZDUG�WKH�PHDQ�´��+XPDQ�KHLJKW�GDWD��IRU�H[DPSOH��GHPRQVWUDWHV�
WKDW�LI�WZR�SDUHQWV�ERWK�KDYH�DERYH�DYHUDJH�KHLJKWV��WKHLU�FKLOGUHQ�DUH�PRUH�
OLNHO\�WKDQ�QRW�WR�KDYH�DYHUDJH�RU�EHORZ�DYHUDJH�KHLJKWV��
�
�
�
�
�
�
�
�
�

                                                           
4  Reproduced from Statistics:  The Easy Way, Douglas Downing, Jeffrey Clark, Barron’s 
Educational Series Inc., Hauppauge, NY, 1997,  p. 256. 
5  Reproduced from Statistics:  The Easy Way, Douglas Downing, Jeffrey Clark, Barron’s 
Educational Series Inc., Hauppauge, NY, 1997,  p. 256. 
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'LDJUDP�³%´�
�
,PDJLQH�LI�\RX�ZLOO��SORWWLQJ�DFKLHYHPHQW�VFRUHV�IRU�JUDGH�HLJKW�VWXGHQWV�RQ�D�
SDUWLFXODU�DFKLHYHPHQW�WHVW���7KH�YHUWLFDO�D[LV�FDQ�EH�DFKLHYHPHQW�VFRUHV�
UHFRUGHG�DV�D�QXPEHU���7KH�KRUL]RQWDO�D[LV�FDQ�EH�WKH�HGXFDWLRQ�OHYHO�RI�WKH�
FKLOG¶V�PRWKHU�DV�UHSRUWHG�E\�WKH�FKLOG��DOVR�H[SUHVVHG�DV�QXPEHUV�DVVLJQHG�WR�
HDFK�OHYHO����2I�FRXUVH��WKLV�D[LV�FRXOG�EH�DQ\�RWKHU�YDULDEOH�IRU�ZKLFK�\RX�KDYH�
FRQVLVWHQW�GDWD�WKDW�\RX�EHOLHYH�WR�EH�UHOLDEOH����7KH�TXHVWLRQ�LV��WKHQ��ZKHUH�LV�
WKH�EHVW�VWUDLJKW�OLQH�WKDW�UHODWHV�WKHVH�WZR�YDULDEOHV��DFKLHYHPHQW�VFRUH�DQG�
PRWKHU¶V�HGXFDWLRQ�OHYHO��WR�HDFK�RWKHU"��<RX�FRXOG�WDNH�D�UXOHU�DQG�WU\�WR�ILW�D�
OLQH�WKURXJK�WKH�VFDWWHU�SORW���+RZHYHU��GLIIHUHQW�SHRSOH�ZRXOG�GUDZ�GLIIHUHQW�
OLQHV��EDVHG�RQ�WKHLU�EHVW�YLVXDO�JXHVV�DV�WR�ZKLFK�OLQH�LV�FORVHVW�WR�PRVW�RI�WKH�
SRLQWV���7R�ILQG�WKH�RQH�OLQH�RXW�RI�WKH�LQILQLWH�SRVVLELOLWLHV�WKDW�LV�DV�FORVH�DV�
PDWKHPDWLFDOO\�SRVVLEOH�WR�DOO�RI�WKH�SRLQWV��VWDWLVWLFLDQV�FRPPRQO\�XVH�D�
SURFHGXUH�FDOOHG�WKH�³OHDVW�VTXDUHV�OLQH�´���6HH�GLDJUDP�³%´�����7R�GHWHUPLQH�WKH�
OHDVW�VTXDUHV�OLQH��SULRULW\�LV�JLYHQ�WR�WKH�YHUWLFDO�D[LV��LQ�WKLV�FDVH�DFKLHYHPHQW�
VFRUHV��WR�FDOFXODWH�KRZ�FORVH�WKH�SRLQWV�IDOO�WR�WKH�OLQH���7KRVH�GLVWDQFHV�DUH�
WKHQ�VTXDUHG�DQG�DGGHG�XS�IRU�DOO�RI�WKH�SRLQWV�LQ�WKH�VDPSOH���)RU�WKH�OHDVW�
VTXDUHV�OLQH��WKDW�VXP�LV�VPDOOHU�WKDQ�LW�ZRXOG�EH�IRU�DQ\�RWKHU�OLQH���7KH�YHUWLFDO�
GLVWDQFHV�DUH�FKRVHQ�EHFDXVH�WKH�HTXDWLRQ�LV�RIWHQ�XVHG�WR�SUHGLFW�WKDW�YDULDEOH�
ZKHQ�WKH�RQH�RQ�WKH�KRUL]RQWDO�D[LV��PRWKHU¶V�HGXFDWLRQ�OHYHO��LV�NQRZQ���
�
$OO�VWUDLJKW�OLQHV�FDQ�EH�H[SUHVVHG�E\�WKLV�IRUPXOD�IRU�WKH�OHDVW�VTXDUHV�OLQH���7KH�
VWDQGDUG�PDWKHPDWLFDO�FRQYHQWLRQ�LV�WR�ZULWH�DQ�HTXDWLRQ�IRU�WKH�OLQH�UHODWLQJ�WKH�
WZR�YDULDEOHV�DV��\� �D���E[��ZKHUH�\�UHSUHVHQWV�WKH�YHUWLFDO�D[LV��DFKLHYHPHQW�
VFRUHV�LQ�RXU�H[DPSOH���[�UHSUHVHQWV�WKH�KRUL]RQWDO�D[LV��HGXFDWLRQ�OHYHO�RI�WKH�
PRWKHU�LQ�WKLV�H[DPSOH���DQG�D�DQG�E�DUH�UHSODFHG�E\�QXPEHUV��L�H���WZR�XQLTXH�
FRQVWDQWV�GHULYHG�IURP�WKLV�SDUWLFXODU�UHJUHVVLRQ�OLQH���7KH�QXPEHU�UHSUHVHQWHG�
E\�D�LV�FDOOHG�WKH�LQWHUFHSW�DQG�WKH�QXPEHU�UHSUHVHQWHG�E\�E�LV�FDOOHG�WKH�VORSH���
7KH�LQWHUFHSW�GHVFULEHV�RQH�SDUWLFXODU�SRLQW�RQ�WKH�OLQH�WKDW�IDOOV�ZKHUH�WKH�OLQH�
                                                           
6  Reproduced from Statistics:  The Easy Way, Douglas Downing, Jeffrey Clark, Barron’s 
Educational Series Inc., Hauppauge, NY, 1997,  p. 259. 
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FURVVHV�WKH�YHUWLFDO�D[LV��ZKHQ�WKH�KRUL]RQWDO�D[LV�LV�DW�]HUR���$�SRVLWLYH�VORSH�
GHVFULEHV�KRZ�PXFK�RI�DQ�LQFUHDVH�WKHUH�LV�IRU�WKH�YDULDEOH�RQ�WKH�YHUWLFDO�D[LV�
�KHUH�DFKLHYHPHQW�VFRUHV��ZKHQ�WKH�RWKHU�YDULDEOH��RQ�WKH�KRUL]RQWDO�D[LV�
�HGXFDWLRQ�OHYHO�RI�WKH�PRWKHU���LQFUHDVHV�E\�RQH�XQLW���$�QHJDWLYH�VORSH�
LQGLFDWHV�D�GHFUHDVH�LQ�RQH�YDULDEOH�DV�WKH�RWKHU�RQH�LQFUHDVHV���7KXV��IRU�
H[DPSOH��DV�D�VFKRRO¶V�SRSXODWLRQ�EHFRPHV�SRRUHU�LQ�WKH�RYHUDOO�GDWD�VHW�RI�DOO�5,�
VFKRROV��H�J���DQ�LQFUHDVH�LQ�WKH�QXPEHUV�RI�VWXGHQWV�HOLJLEOH�IRU�IUHH�DQG�
UHGXFHG�OXQFK���DFKLHYHPHQW�WHQGV�WR�GHFOLQH��GHFUHDVH�LQ�VFRUHV���
�
&255(/$7,21�
�
5HVHDUFKHUV�ILQG�LW�FRQYHQLHQW�WR�KDYH�D�VLQJOH�QXPEHU�WR�PHDVXUH�WKH�VWUHQJWK�
RI�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�DQG�WR�KDYH�WKDW�QXPEHU�EH�
LQGHSHQGHQW�RI�WKH�XQLWV�XVHG�WR�PDNH�WKH�PHDVXUHPHQW��7KH�FRUUHODWLRQ�
EHWZHHQ�WZR�PHDVXUHPHQW�YDULDEOHV�LV�DQ�LQGLFDWRU�RI�KRZ�FORVHO\�WKHLU�YDOXHV�
IDOO�WR�D�VWUDLJKW�OLQH���6RPHWLPHV�WKLV�PHDVXUH�LV�FDOOHG�WKH�³3HDUVRQ�SURGXFW�
PRPHQW�FRUUHODWLRQ´�RU�WKH�³FRUUHODWLRQ�FRHIILFLHQW´��VRPHWLPHV�LW�LV�VLPSO\�
UHSUHVHQWHG�E\�WKH�OHWWHU�³U�´��$�FRUUHODWLRQ�RI�]HUR�FRXOG�LQGLFDWH�WKDW�WKHUH�LV�QR�
OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�YDULDEOHV���,W�FRXOG�DOVR�LQGLFDWH�WKDW�WKH�EHVW�
VWUDLJKW�OLQH�WKURXJK�WKH�GDWD�RQ�D�VFDWWHU�SORW�LV�H[DFWO\�KRUL]RQWDO���$�SRVLWLYH�
FRUUHODWLRQ�LQGLFDWHV�WKDW�WKH�YDULDEOHV�LQFUHDVH�WRJHWKHU���$�FRUUHODWLRQ�RI�����RU�
������LQGLFDWHV�WKDW�WKHUH�LV�D�SHUIHFW�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�
YDULDEOHV���$V�RQH�LQFUHDVHV�VR�GRHV�WKH�RWKHU��SURSRUWLRQDOO\���$�QHJDWLYH�
FRUUHODWLRQ�LQGLFDWHV�WKDW�DV�RQH�YDULDEOH�LQFUHDVHV�WKH�RWKHU�GHFUHDVHV���$�
FRUUHODWLRQ�RI�±��LQGLFDWHV�WKDW�WKHUH�LV�D�SHUIHFW�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�
WZR�YDULDEOHV��EXW�DV�RQH�LQFUHDVHV�WKH�RWKHU�GHFUHDVHV��
�
&RUUHODWLRQV�RI����RU����ZRXOG�EH�H[WUHPHO\�VWURQJ�UHODWLRQVKLSV���7KH\�DUH�
UDUHO\�REVHUYHG�ZKHQ�H[SORULQJ�UHODWLRQVKLSV�EHWZHHQ�GLIIHUHQW�YDULDEOHV���(YHQ�
ZKHQ�D�SHUIHFW�FRUUHODWLRQ�LV�REVHUYHG��WKLQJV�PD\�QRW�EH�DV�VLPSOH�DV�WKH\�
VHHP���&RUUHODWLRQV�FDQ�EH�DIIHFWHG�E\�D�QXPEHU�RI�IDFWRUV���)RU�H[DPSOH��GDWD�
SRLQWV�WKDW�VLW�VLJQLILFDQWO\�RXWVLGH�WKH�UHVW�RI�WKH�SRLQWV�LQ�D�GDWD�VDPSOH�
�RXWOLHUV��ZLOO�LQIODWH�WKH�FRUUHODWLRQ�ZKHQ�LW�LV�FRQVLVWHQW�ZLWK�WKH�WUHQG�
�GLUHFWLRQ��RI�WKH�GDWD�VHW�DV�D�ZKROH���$Q�RXWOLHU�WKDW�LV�QRW�FRQVLVWHQW�ZLWK�WKH�
UHVW�RI�WKH�VDPSOH�ZLOO�OLNHZLVH�VXEVWDQWLDOO\�GHFUHDVH�WKH�FRUUHODWLRQ��)RU�
H[DPSOH��LI�RQH�RU�PRUH�YHU\�ORZ�LQFRPH�VWXGHQWV�LQ�D�FODVV�VXEPLW�SHUIHFW�
ZULWLQJ�VDPSOHV�RQ�D�VWDWH�DVVHVVPHQW��WKHLU�KLJK�VFRUHV�ZLOO�VXEVWDQWLDOO\�
VXSSUHVV�WKH�RYHUDOO�FRUUHODWLRQ�EHWZHHQ�6(6�DQG�DFKLHYHPHQW�VHHQ�LQ�WKH�GDWD�
VHW�DV�D�ZKROH����
�
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6RPHWLPHV�RXWOLHUV�RFFXU�VLPSO\�EHFDXVH�WKH�GDWD�ZHUH�HUURQHRXVO\�UHFRUGHG����
7KH�85,�UHVHDUFK�WHDP�XVHG�D�YDULHW\�RI�PHWKRGV�WR�GHWHFW�VXFK�HUURUV�LQ�WKH�
GDWD�VHWV�WKDW�PDNH�XS�WKH�VWDWLVWLFDO�PRGHO���7KH\�DOVR�XVHG�WKHVH�PHWKRGV�WR�
FKHFN��RU�³FOHDQ´��WKH�RWKHU�GDWD�VHWV�WKDW�PDNH�XS�WKLV�\HDU¶V�VFKRRO�DQG�GLVWULFW�
UHSRUWV���&KDQJLQJ�WKH�XQLWV�RI�PHDVXUHPHQW�GRHV�QRW�DIIHFW�FRUUHODWLRQV���)RU�
H[DPSOH��WKH�FRUUHODWLRQ�EHWZHHQ�ZHLJKW�DQG�KHLJKW�UHPDLQV�WKH�VDPH�
UHJDUGOHVV�RI�ZKHWKHU�KHLJKW�LV�H[SUHVVHG�LQ�LQFKHV��IHHW��RU�PLOOLPHWHUV��
6LPLODUO\��WKH�NLQGV�RI�FRUUHODWLRQV�VHHQ�LQ�WKH�5,�PRGHO�KROG�WUXH�ZKHWKHU�ZH�DUH�
H[SUHVVLQJ�WKH�UHVXOWV�DV�DFWXDO�QXPHULFDO�WHVW�UHVXOWV��UDZ�VFRUHV��RU�DV�
SHUFHQWDJH�RI�LWHPV�FRUUHFW��
�
&255(/$7,21�'2(6�127�,03/<�&$86$7,21�
(YHQ�LI�WZR�YDULDEOHV�DUH�OHJLWLPDWHO\�UHODWHG�RU�FRUUHODWHG��WKHUH�LV�QRW�
QHFHVVDULO\�DQ\�FDXVDO�UHODWLRQVKLS�EHWZHHQ�WKHP���,Q�RWKHU�ZRUGV��FKDQJHV�LQ�
WKH�RQH�YDULDEOH�PD\�QRW�EH�GLUHFWO\�FDXVHG�E\�WKH�LQGHSHQGHQW�RSHUDWLRQ�RI�WKH�
RWKHU�YDULDEOH���7KH�RQH�PD\�IOXFWXDWH�LQ�UHODWLRQ�WR�WKH�RWKHU�GXH�VROHO\�WR�
FKDQFH��FRLQFLGHQFH��RU��DV�LV�RIWHQ�WKH�FDVH��HDFK�LV�VWURQJO\�DIIHFWHG�E\�RQH�RU�
PRUH�RWKHU��FRQIRXQGLQJ��YDULDEOHV�WKDW�ZHUH�QRW�FRQVLGHUHG�E\�WKH�UHVHDUFKHU���
2WKHU�SRVVLEOH�UHDVRQV�LQFOXGH�ERWK�YDULDEOHV�FKDQJLQJ�RYHU�WLPH��RQH�
�UHVSRQVH��YDULDEOH�FDXVLQJ�D�FKDQJH�LQ�WKH�RWKHU��H[SODQDWRU\��YDULDEOH�RU�RQH�
EHLQJ�WKH�GLUHFW�FDXVH�RI�WKH�RWKHU��DQG�RQH�EHLQJ�D�FRQWULEXWRU�EXW�QRW�WKH�VROH�
FDXVH�RI�WKH�RWKHU����,Q�WKH�ZHOO�NQRZQ�H[SUHVVLRQ�³FRUUHODWLRQ�GRHV�QRW�LPSO\�
FDXVDWLRQ�´�VWDWLVWLFLDQV�VXPPDUL]H�WKLV�XQGHUVWDQGLQJ�RI�WKH�OHJLWLPDWH�XVH�RI�
VWDWLVWLFDO�UHODWLRQVKLSV����,Q�WKH�DEVHQFH�RI�DQ\�RWKHU�HYLGHQFH��GDWD�IURP�DQ�
REVHUYDWLRQDO�VWXG\�FDQQRW�EH�XVHG�WR�HVWDEOLVK�FDXVDWLRQ��
�
+RZHYHU��D�FDXVDO�FRQQHFWLRQ�SUREDEO\�GRHV�H[LVW�LI�ZH�FDQ�HVWDEOLVK�WKDW�����
WKHUH�LV�D�UHDVRQDEOH�H[SODQDWLRQ�RI�FDXVH�DQG�HIIHFW�����WKH�FRQQHFWLRQ�KDSSHQV�
XQGHU�YDU\LQJ�FRQGLWLRQV��DQG����SRWHQWLDO�FRQIRXQGLQJ�YDULDEOHV�DUH�UXOHG�RXW���
7KH�EHVW�ZD\�WR�GHWHUPLQH�WKHVH�IDFWRUV�LV�WKURXJK�D�GHVLJQHG�H[SHULPHQW�LQ�
ZKLFK�JURXSV�ZKLFK�DUH�VWURQJO\�VLPLODU�WR�RQH�DQRWKHU�LQ�WHUPV�RI�FHUWDLQ�
LPSRUWDQW�YDULDEOHV�DUH�H[SRVHG�WR�GLIIHUHQW�DSSURDFKHV��WUHDWPHQWV��DQG�
DQDO\]HG�WR�VHH�ZKHWKHU�WKH�YDULDEOH�RI�LQWHUHVW�SHUIRUPV�GLIIHUHQWO\�DPRQJ�WKH�
WUHDWHG�JURXSV���2QH�RU�PRUH�JURXSV�LV�DOVR�KHOG�FRQVWDQW�DQG�QRW�VXEMHFWHG�WR�
WUHDWPHQW�V��DV�D�³FRQWURO´�JURXS�V�����
�
,Q�WKH�5,�PRGHO��WKH�UHODWLRQVKLSV�EHWZHHQ�DFKLHYHPHQW�RQ�VHOHFWHG�VWDWH�WHVWV��
VRFLRHFRQRPLF�VWDWXV��6(6���OLPLWHG�(QJOLVK�SURILFLHQF\��/(3��DQG�VSHFLDO�QHHGV�
GR�QRW�OHQG�WKHPVHOYHV�WR�D�FRQWUROOHG�H[SHULPHQW���7KHUHIRUH��ZH�VKRXOG�XVH�
WKH�UHVXOWV�RI�WKH�PRGHO�VROHO\�WR�ORRN�DW�DJJUHJDWH�GLIIHUHQFHV�LQ�VFKRROV�
HGXFDWLQJ�VLPLODU�W\SHV�RI�VWXGHQWV�UDWKHU�WKDQ�DV�SUHGLFWLYH�RI�DFWXDO�LQGLYLGXDO�
VWXGHQW�DFKLHYHPHQW�RU�HYHQ�DJJUHJDWH�VWXGHQW�DFKLHYHPHQW�IRU�D�VLQJOH�VFKRRO���
,I�FDUHIXO�ORFDO�VWXG\�RI�FRQGLWLRQV�VXUURXQGLQJ�VWXGHQW�DFKLHYHPHQW�FDQ�UXOH�RXW�
VRPH�RI�WKH�RWKHU�IDFWRUV�ZKLFK�PLJKW�H[SODLQ�WKH�UHVXOWV��ZH�FDQ�LQFUHDVH�RXU�
FRQILGHQFH�WKDW�DQ\�UHVXOWV�VHHQ�DFURVV�PXOWLSOH�\HDUV�PD\�EH�DWWULEXWDEOH�WR�WKH�
IDFWRUV�ZKLFK�PDNH�XS�WKH�5,�PRGHO���7DNHQ�RQO\�E\�LWVHOI��WKLV�PRGHO��OLNH�HDFK�
RI�WKH�RWKHU�GDWD�ILHOGV�LQ�WKLV�\HDU¶V�,QIRUPDWLRQ�:RUNV���GRHV�QRW�SURYLGH�
VXIILFLHQW�LQIRUPDWLRQ�E\�LWVHOI�DQG�VKRXOG�QRW�EH�WKH�VROH�PHDQV�IRU�
XQGHUVWDQGLQJ�DQG�MXGJLQJ�WKH�FRPSOH[LW\�RI�D�VFKRRO��LWV�VWXGHQWV��DQG�LWV�



 10

UHVXOWV����:KHQ�WKH�ILHOGV�DUH�WDNHQ�WRJHWKHU�DQG�FRXSOHG�ZLWK�RWKHU�ORFDO�VRXUFHV�
RI�LQIRUPDWLRQ�DERXW�D�VFKRRO��ZH�EHJLQ�WR�PRYH�RXW�RI�WKH�UHDOP�RI�VSHFXODWLRQ�
DERXW�D�VFKRRO�DQG�LQWR�D�GDWD�LQIRUPHG�FRQYHUVDWLRQ�DERXW�VFKRRO�FRQWH[WV�DQG�
VFKRRO�LPSURYHPHQW�HIIRUWV��
�
08/7,3/(�5(*5(66,21�$1'�7+(�5,�02'(/�
8S�WR�WKLV�SRLQW��ZH�KDYH�GLVFXVVHG�WKH�FRPSXWHU�PRGHOLQJ�RI�VWXGHQW�
DFKLHYHPHQW�LQ�WHUPV�RI�WKH�UHODWLRQVKLSV�EHWZHHQ�RQO\�WZR�YDULDEOHV���5HVHDUFK�
VKRZV�WKDW�VWXGHQW�DFKLHYHPHQW�UHVXOWV�DUH�WKH�UHVXOW�RI�D�ZKROH�YDULHW\�RI�
IDFWRUV�UDQJLQJ�IURP�WKLQJV�ZKLFK�DUH�FOHDUO\�GHILQDEOH�DQG�FROOHFWDEOH����OLNH�
HOLJLELOLW\�IRU�IUHH�DQG�UHGXFHG�OXQFK�DQG�UHFHLYLQJ�FHUWDLQ�NLQGV�RI�VSHFLDO�
VHUYLFHV����WR�LQWDQJLEOH�EXW�LPSRUWDQW�IDFWRUV�VXFK�DV�DQ�LQGLYLGXDO�VWXGHQW¶V�
PRWLYDWLRQ�WR�SHUIRUP�ZHOO�RQ�D�VWDWH�WHVW�RU�WKH�JHQHUDO�FOLPDWH�RI�D�VFKRRO���)RU�
H[DPSOH��VWXGLHV�VKRZ�WKDW�PRVW�VWXGHQWV�SHUIRUP�EHWWHU�RQ�VWDWH�WHVWV�ZKHQ�
WKHUH�DUH�ORFDO�FRQVHTXHQFHV�DWWDFKHG�WR�WKHLU�SHUIRUPDQFH���
�
6WDWLVWLFLDQV�RYHU�WKH�\HDUV�KDYH�EXLOW�LQFUHDVLQJO\�VRSKLVWLFDWHG�PRGHOV�WR�UHODWH�
YDULRXV�IDFWRUV�VLPXOWDQHRXVO\���2QH�RI�WKH�PRVW�SRZHUIXO�RI�WKHVH�PHWKRGV�LV�
+LHUDUFKLFDO�/LQHDU�0RGHOLQJ��+/0����:KHQ�DSSOLHG�WR�VFKRROV��+/0�ZRXOG�
FRQVLGHU�VHYHUDO�FKDUDFWHULVWLFV�RI�D�VFKRRO�DV�ZHOO�DV�VHYHUDO�FKDUDFWHULVWLFV�IRU�
LQGLYLGXDO�VWXGHQWV���5HVHDUFKHUV�DW�85,�DWWHPSWHG�WR�XVH�+/0�EXW�XOWLPDWHO\�
UHMHFWHG�LW�DV�DQ�DSSURDFK�EHFDXVH�RXU�VHWV�RI�VFKRROV�WKDW�ORRN�VLPLODU�WR�HDFK�
RWKHU�DUH�WRR�VPDOO�WR�\LHOG�UHOLDEOH�UHVXOWV���+/0�FDQ�SUHGLFW�VFRUHV�IRU�LQGLYLGXDO�
VWXGHQWV�ZLWK�FHUWDLQ�FKDUDFWHULVWLFV��EXW�,QIRUPDWLRQ�:RUNV��KDV�QR�LQWHQWLRQ�RI�
IRFXVLQJ�RQ�LQGLYLGXDO�VWXGHQWV��WHDFKHUV��RU�DGPLQLVWUDWRUV����7KH�VFKRRO�DV�D�
ZKROH�LV�WKH�LPSRUWDQW�XQLW�RI�DQDO\VLV�DQG�LPSURYHPHQW�IRU�VWDWH�DFFRXQWDELOLW\�
SXUSRVHV��
�
,QVWHDG��WKH�85,�UHVHDUFK�WHDP�XVHG�KLHUDUFKLFDO�UHJUHVVLRQ�DQDO\VLV��ZKLFK�LV�D�
VSHFLDOL]HG�IRUP�RI�PXOWLYDULDWH�DQDO\VLV����0XOWLYDULDWH��OLNH�LWV�QDPH�LPSOLHV��
ORRNV�DW�KRZ�PXOWLSOH�YDULDEOHV�DFWLQJ�VHSDUDWHO\�RU�FRPELQHG�LQ�YDULRXV�ZD\V��
LPSDFW�RQ�WKH�YDULDEOH�RI�LQWHUHVW��LQ�WKLV�FDVH�VWXGHQW�DFKLHYHPHQW�RQ�VHOHFWHG�
VWDWH�WHVWV����%URDGO\�VSHDNLQJ��PXOWLSOH�UHJUHVVLRQ�DQDO\VLV�LV�D�PHWKRG�RI�
DQDO\]LQJ�WKH�YDULDELOLW\�RI�D�GHSHQGHQW�YDULDEOH�E\�XVLQJ�LQIRUPDWLRQ�DYDLODEOH�
RQ�D�VHW�RI�LQGHSHQGHQW�YDULDEOHV���8QIRUWXQDWHO\��QR�GUDZLQJ�FDQ�LOOXVWUDWH�WKH�
UHODWLRQVKLS�WKH�ZD\�WKH�VLPSOH�UHJUHVVLRQ�PRGHO�ZDV�LOOXVWUDWHG�HDUOLHU�LQ�WKLV�
SDSHU��
�

                                                           
7  For further information consult George A. Marcoulides, Scott L. Hershberger, Multivariate 
Statistical Methods: A First Course.  Mahwah, NJ: Lawrence Erlbaum Associates, 1997; J. Scott Long, 
Regression Models for Categorical and Limited Dependent Variables, Thousand Oaks, CA: SAGE 
Publications, 1997; and one of the classics in the field, Jacob Cohen, Patricia Cohen, Applied Multiple 
Regression/Correlation Analysis for the Behavioral Sciences.  Hillsdale, NJ: Lawrence Erlbaum 
Associates, 2nd ed., 1983.  A good general discussion of modeling is David W. Britt, A Conceptual 
Introduction to Modeling: Qualitative and Quantitative Perspectives.  Mahwah, NJ: Lawrence Erlbaum 
Associates, 1997. 
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)LYH�LQGHSHQGHQW�YDULDEOHV��NQRZQ�LQ�DGYDQFH�OLNHO\�WR�UHODWH�VWDWLVWLFDOO\�WR�
VWXGHQW�DFKLHYHPHQW�RQ�VWDWH�WHVWV��DUH�FROOHFWHG�DQQXDOO\�IURP�5KRGH�,VODQG�
VFKRROV�DQG�VWXGHQWV���7KHVH�YDULDEOHV�DUH��
�
� 7KH�SHUFHQWDJH�RI�VWXGHQWV�ZLWKLQ�D�VFKRRO�HOLJLEOH�IRU�IUHH�RU�UHGXFHG�OXQFK�
� 7KH�SHUFHQWDJH�RI�PLQRULW\�VWXGHQWV��L�H���QRQ�ZKLWH��ZLWKLQ�D�VFKRRO��
� 7KH�KLJKHVW�HGXFDWLRQ�OHYHO�DFKLHYHG�E\�WKH�PRVW�HGXFDWHG�SDUHQW��UHSRUWHG�

E\�WKH�VWXGHQW�WHVW�WDNHU���
� 7KH�SHUFHQWDJH�RI�VWXGHQWV�LQ�D�VFKRRO�HQUROOHG�LQ�/(3�RU�ELOLQJXDO�HGXFDWLRQ�

SURJUDPV�
� 7KH�SHUFHQWDJH�RI�VWXGHQWV�ZLWKLQ�D�VFKRRO�UHFHLYLQJ�VHUYLFHV�XQGHU�VSHFLDO�

HGXFDWLRQ�ODZ�
�
%HFDXVH�RI�WKH�VPDOO�QXPEHU�RI�VFKRROV�LQ�5KRGH�,VODQG��FRPSDULVRQV�ZHUH�
PDGH�DPRQJ�DOO�VFKRROV�LQ�WKH�VWDWH�UDWKHU�WKDQ�MXVW�DPRQJ�JURXSV�RI�VFKRROV�
ZLWK�VLPLODU�GHPRJUDSKLF�FKDUDFWHULVWLFV��9DULDWLRQV�EHWZHHQ�WHVWV�IURP���������
WR���������GLG�QRW�DOORZ�IRU�XV�WR�FRPELQH�WZR�\HDUV�ZRUWK�RI�WHVW�GDWD�IRU�WKH�
�����PRGHO��,QVWHDG�ZH�MXVW�XVHG�GDWD�IURP�WKH���������VFKRRO�\HDU��7KH�
FRUUHODWLRQ�RI�HDFK�LQGLYLGXDO�YDULDEOH�ZLWK�VWXGHQW�DFKLHYHPHQW�LV�VKRZQ�LQ�
7DEOH����2YHUDOO��WKHUH�LV�D�VWURQJ�UHODWLRQVKLS�EHWZHHQ�WKHVH�ILYH�VWXGHQW�
FKDUDFWHULVWLFV�DQG�DFDGHPLF�SHUIRUPDQFH�DFURVV�DOO�JUDGH�OHYHOV�RI�WKH�VWDWH�
DVVHVVPHQWV��
�
7KH�ILUVW�WKUHH�YDULDEOHV�OLVWHG�DERYH��IUHH�DQG�UHGXFHG�OXQFK�VWDWXV��PLQRULW\�
VWDWXV��DQG�SDUHQW�HGXFDWLRQ�OHYHO��ZHUH�IRXQG�WR�KDYH�³PXOWLFROOLQHDULW\�´��,Q�
RWKHU�ZRUGV��ZKHQ�RQH�YDULDEOH�VKLIWHG��WKH�RWKHUV�DOVR�VKLIWHG�LQ�VLPLODU�PDQQHU���
7KH�FRUUHODWLRQV�EHWZHHQ�WKH�SHUFHQWDJH�RI�VWXGHQWV�HOLJLEOH�IRU�IUHH�DQG�
UHGXFHG�OXQFK�DQG�SHUFHQWDJH�RI�QRQ�ZKLWH�VWXGHQWV�LQ�D�VFKRRO��IRU�H[DPSOH��
ZDV�JUHDWHU�WKDQ����DFURVV�DOO�WKUHH�WHVWHG�JUDGH�OHYHOV����5HFDOO�WKH�GLVFXVVLRQ�
DERYH�DERXW�FRUUHODWLRQV�DSSURDFKLQJ���������2QH�RI�WKH�UHPHGLHV�IRU�
PXOWLFROOLQHDULW\�LV�WR�JURXS�YDULDEOHV�LQ�EORFNV���:H�HOHFWHG�QRW�WR�XVH�IDFWRU�
DQDO\VLV�VLQFH�LW�GRHV�QRW�OHDG�WR�D�QXPHULFDO�UHVXOW�WKDW�FDQ�EH�HDVLO\�XQGHUVWRRG�
E\�QRQ�VWDWLVWLFLDQV����7KHUHIRUH��HTXDOO\�ZHLJKWHG�DYHUDJHV�RI�WKH�YDULDEOHV�RI�
HOLJLELOLW\�IRU�IUHH�DQG�UHGXFHG�OXQFK��PRWKHU¶V��SDUHQW¶V��OHYHO�RI�HGXFDWLRQ��DQG�
PLQRULW\�VWDWXV�ZHUH�XVHG�DV�D�VLQJOH�EORFN���)RU�PRWKHU¶V��SDUHQW¶V��HGXFDWLRQ��
WKH�SHUFHQWDJH�RI�PRWKHUV��SDUHQWV��ZKRVH�HGXFDWLRQ�ZDV�UHSRUWHG�DV�EH\RQG�
KLJK�VFKRRO�ZDV�UHFRGHG�WR�UXQ�LQ�WKH�VDPH�GLUHFWLRQ�DV�WKH�RWKHU�WZR�YDULDEOHV��
ZKLFK�LV�WR�VD\�WKDW�WKH�ORZHU�WKH�HGXFDWLRQ�OHYHO�RI�JURXSV�RI�PRWKHUV��SDUHQWV���
WKH�ORZHU�WKH�HGXFDWLRQDO�DFKLHYHPHQW�RI�FRUUHVSRQGLQJ�JURXSV�RI�VWXGHQWV���
7KH�FRPELQHG�HTXDOO\�ZHLJKWHG�YDULDEOH�WKDW�UHVXOWV�FDQ�EH�WKRXJKW�RI�DV�D�
SRYHUW\�LQGH[��ORZ�6(6��ZKLFK�LV�PRUH�VWDEOH�DFURVV�JUDGH�OHYHOV�WKDQ�DQ\�RI�WKH�
WKUHH�YDULDEOHV�YLHZHG�LQGLYLGXDOO\���$V�WKH�LQGH[�QXPEHU�LQFUHDVHV�LQ�VL]H��WKH�
PRUH�SRRU�VWXGHQWV�WKHUH�DUH�ZLWKLQ�WKH�VFKRRO���
�
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$�VHFRQG�EORFN�ZDV�FUHDWHG�XVLQJ�WKH�SHUFHQWDJH�RI�VWXGHQWV�UHFHLYLQJ�ELOLQJXDO�RU�/(3�
VHUYLFHV�DQG�WKH�SHUFHQWDJH�RI�VWXGHQWV�ZLWKLQ�D�VFKRRO�UHFHLYLQJ�VSHFLDO�HGXFDWLRQ�VHUYLFHV�
7KHVH�YDULDEOHV�ZHUH�HDFK�LQWURGXFHG�VHSDUDWHO\�LQWR�WKH�PRGHO�EXW�DIWHU�WKH�DSSOLFDWLRQ�RI�
WKH�6(6�YDULDEOH�GHVFULEHG�DERYH��7KH�UHVHDUFKHUV�DUH�DZDUH�WKDW�VRPH�VWXGHQWV�ZLWKLQ�D�
VFKRRO�UHFHLYH�ERWK�W\SHV�RI�VHUYLFHV�DQG�ZRXOG�EH�FRXQWHG�LQ�WKLV�PRGHO�WZLFH���6WXGHQWV�
ZLWK�PXOWLSOH�OHDUQLQJ�QHHGV�UHTXLUH�PRUH�VXSSRUW��ZKLFK�LQ�WXUQ�IDFWRUV�LQ�WKH�FXPXODWLYH�
HIIHFWV�RI�PXOWLSOH�FKDOOHQJHV��
�
'XH�WR�WKH�OLPLWDWLRQV�LQKHUHQW�LQ�WKH�UHODWLYHO\�VPDOO�GDWD�VHWV��WKH�VPDOO�QXPEHU�RI�VFKRROV�
LQ�5,�DQG�WKH�VPDOO�QXPEHU�RI�VWXGHQWV�SHU�WHVWHG�JUDGH�OHYHO�LQ�VRPH�5,�VFKRROV���WKH�
UHVHDUFKHUV�FKRVH�WR�XVH�RYHUDOO�EXLOGLQJ�OHYHO�YDULDEOH�GDWD�UDWKHU�WKDQ�GDWD�DVVRFLDWHG�
VROHO\�ZLWK�WKH�JUDGH�WHVWHG����6R��IRU�H[DPSOH��ZH�XVHG�HOLJLELOLW\�IRU�IUHH�DQG�UHGXFHG�OXQFK�
GDWD�IRU�WKH�HQWLUH�VFKRRO�UDWKHU�WKDQ�MXVW�WKH�JUDGH�WHVWHG���(PSLULFDOO\��ZKLOH�WKHVH�GDWD�
VHWV�ZHUH�KLJKO\�FRUUHODWHG��WKH�UHVHDUFKHUV�ZHUH�PRUH�LQWHUHVWHG�LQ�RYHUDOO�VFKRRO�FRQWH[W�
UDWKHU�WKDQ�MXVW�WKH�FRQWH[W�VSHFLILF�WR�SDUWLFXODU�JUDGHV��FRQVLVWHQW�ZLWK�5,¶V�IRFXV�RQ�VFKRRO�
�QRW�JUDGH�OHYHO��DFFRXQWDELOLW\���7KLV�VLJQDOV��IRU�H[DPSOH��WKDW�JUDGH�IRXU�VWXGHQW�
DFKLHYHPHQW�LV�QRW�RQO\�WKH�UHVSRQVLELOLW\�RI�WKH�WHDFKHUV�DQG�DGPLQLVWUDWRUV�VSHFLILF�WR�WKDW�
JUDGH��EXW�LV�DOVR�FRQFHSWXDOO\�DQG�HGXFDWLRQDOO\�OLQNHG�WR�OHDUQLQJ�H[SHULHQFHV�LQ�WKH�SULRU�
JUDGHV���7DEOH���VKRZV�WKH�EDVLF�GHVFULSWLYH�VWDWLVWLFV�IRU�5,�VFKRROV�WDNHQ�DV�D�ZKROH�ZLWK�
WKH�QXPEHU�RI�VFKRROV��UDQJH��KRZ�ZLGH�WKH�VFRUHV�ZHUH���PHDQ��DULWKPHWLF�DYHUDJH���DQG�
VWDQGDUG�GHYLDWLRQ��D�PHDVXUH�RI�KRZ�VSUHDG�RXW�WKH�VFRUHV�DUH����
�
7KH�GHSHQGHQW�YDULDEOHV�LQ�WKH�PRGHO�DUH�VWXGHQW�DFDGHPLF�DFKLHYHPHQW�LQ�HDFK�JUDGH�OHYHO�
WHVWHG�DFURVV�GLIIHUHQW�VXEMHFW�DUHDV���5HVHDUFKHUV�HPSOR\HG�D�VHSDUDWH�UHJUHVVLRQ�PRGHO�IRU�
HDFK�VXEMHFW�DUHD�DQG�JUDGH�OHYHO��VSHFLILFDOO\���
�
� 1HZ�6WDQGDUGV�5HIHUHQFH�([DPLQDWLRQ�LQ�0DWKHPDWLFV��6NLOOV���*UDGHV�������DQG�����
� 1HZ�6WDQGDUGV�5HIHUHQFH�([DPLQDWLRQ�LQ�0DWKHPDWLFV��3UREOHP�6ROYLQJ��*UDGHV������DQG�

����
� 1HZ�6WDQGDUGV�5HIHUHQFH�([DPLQDWLRQ�LQ�(QJOLVK�/DQJXDJH�$UWV��5HDGLQJ�$QDO\VLV�

�*UDGHV���DQG����
� 1HZ�6WDQGDUGV�5HIHUHQFH�([DPLQDWLRQ�LQ�(QJOLVK�/DQJXDJH�$UWV��:ULWLQJ�(IIHFWLYHQHVV�

�*UDGHV���DQG����
� 5,�:ULWLQJ�3HUIRUPDQFH�$VVHVVPHQW��*UDGH�����
�
)RU�ERWK�WKH�1HZ�6WDQGDUGV�5HIHUHQFH�([DPLQDWLRQV�DQG�WKH�5KRGH�,VODQG�:ULWLQJ�
3HUIRUPDQFH�$VVHVVPHQW��WKH�SHUFHQWDJHV�RI�VWXGHQWV�ZKR�DFKLHYHG�SURILFLHQF\�RU�DERYH�
ZDV�FRPSXWHG�DQG�XVHG�DV�WKH�GHSHQGHQW�YDULDEOHV�RI�LQWHUHVW��0DLQO\�EHFDXVH�RI�VSDFH�
OLPLWDWLRQV��WKH�VFKRRO�UHSRUWV�VKRZ�RQO\�WKH�UHVXOWV�RI�1HZ�6WDQGDUGV�0DWKHPDWLFV�6NLOOV�DQG�
3UREOHP�6ROYLQJ��UDWKHU�WKDQ�DOVR�GHSLFWLQJ�UHVXOWV�IURP�0DWKHPDWLFV�&RQFHSWV��3UREOHP�
6ROYLQJ�ZDV�VHOHFWHG�RYHU�&RQFHSWV�EHFDXVH�LW�UHSUHVHQWV�D�PRUH�FRPSOH[�VHW�RI�VNLOOV��
5HJUHVVLRQ�PRGHOV�ZHUH�EDVHG�RQ�D�WRWDO�RI����VFKRROV�IRU�JUDGH�����LQFOXGLQJ�$UHD�&DUHHU�
DQG�7HFKQLFDO�&HQWHUV������VFKRROV�IRU�JUDGH����DQG���������VFKRROV�IRU�JUDGH�����
�
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7DEOH���VKRZV�WKH�UHVXOWV�IURP�WKH�KLHUDUFKLFDO�UHJUHVVLRQ�DQDO\VHV���$FURVV�DOO�JUDGH�OHYHOV��
WKH�VFKRRO�6(6�YDULDEOH�SURGXFHG�VLJQLILFDQW�HIIHFWV�LQ�UHODWLRQ�WR�VWXGHQW�DFKLHYHPHQW���
6FKRROV�ZLWK�PRUH�HFRQRPLFDOO\�GLVDGYDQWDJHG�VWXGHQWV�KDYH�ORZHU�VWXGHQW�DFKLHYHPHQW�
DFURVV�DOO�VXEMHFW�DUHDV�DQG�JUDGHV���2QFH�WKH�YDULDWLRQ�LQ�VFKRRO�6(6�LV�DFFRXQWHG�IRU�LQ�WKH�
PRGHO��LQGLFDWRUV�RI�VFKRRO�FRQWH[W�UHODWHG�WR�VSHFLDO�QHHGV��VSHFLDO�HGXFDWLRQ�VHUYLFHV�DQG�
/(3�ELOLQJXDO�HGXFDWLRQ�SURJUDPV��UDUHO\�KDYH�VLJQLILFDQW�HIIHFWV�RQ�VWXGHQW�DFKLHYHPHQW���
7KH�ODVW�FROXPQ�RI�7DEOH���UHSUHVHQWV�WKH�SURSRUWLRQ�RI�YDULDQFHV��IOXFWXDWLRQV��LQ�VWXGHQW�
DFKLHYHPHQW�VFRUHV�WKDW�ZHUH�³VWDWLVWLFDOO\´�H[SODLQHG��UDWKHU�WKDQ�³FDXVDOO\´�H[SODLQHG��E\�
WKH�LQGHSHQGHQW�YDULDEOHV�LQ�WKH�PRGHO���7KH�PRGHO��IRU�H[DPSOH��H[SODLQHG�DOPRVW�����RI�
WKH�YDULDQFH�LQ�VWXGHQW�DFKLHYHPHQW�RQ�0DWKHPDWLFV�6NLOOV�LQ�*UDGH������,W�DSSHDUV�WKDW�
YDULDQFHV�H[SODLQHG�E\�WKH�PRGHO�JHW�VPDOOHU�IRU�\RXQJHU�VWXGHQWV�DV�WKH�UHODWLRQVKLS�
EHWZHHQ�VFKRRO�6(6�DQG�HOHPHQWDU\�VWXGHQW�DFKLHYHPHQW�LV�OHVV�SURPLQHQW����
�
35(',&7,1*�,1',9,'8$/�6&+22/�3(5)250$1&(�
5HJUHVVLRQ�HTXDWLRQV�SURGXFHG�E\�WKH�PRGHOV�ZHUH�XVHG�WR�FUHDWH�H[SHFWHG�DFKLHYHPHQW�
VFRUHV��GHSHQGHQW�YDULDEOHV��RQ�WKH�EDVLV�RI�VHOHFWHG�NQRZQ�YDOXHV�RI�WKH�VFKRRO�FRQWH[W�
�LQGHSHQGHQW�YDULDEOHV����7KHVH�H[SHFWHG�VFRUHV�SURYLGH�XV�ZLWK�JXLGHOLQHV�DERXW�ZKDW�ZH�
FDQ�VWDWLVWLFDOO\�H[SHFW�IRU�LQGLYLGXDO�VFKRRO�SHUIRUPDQFH�LQ�WKH�������VFKRRO�\HDU�VWDWH�
DVVHVVPHQWV���1RWH�WKDW�ZH�FDQQRW�UHOLDEO\�SUHGLFW�WKH�����������VWDWH�DVVHVVPHQW�
SHUIRUPDQFH�IURP�WKH�������GDWD���7KH�WHFKQLTXHV�DUH�DSSOLHG�KHUH�RQO\�LQ�D�UHWURVSHFWLYH�
DQDO\VLV�QRW�IRU�WKH�SXUSRVH�RI�SUHGLFWLQJ�IXWXUH�SHUIRUPDQFH���6WDQGDUG��UDQGRP��HUURUV�
ZHUH�FRPSXWHG�LQ�DGGLWLRQ�WR�WKH�VSHFLILF�SRLQW�HVWLPDWHV�IRU�WKH�H[SHFWHG�VFRUHV���7KH�SRLQW�
HVWLPDWHV�FRPELQHG�ZLWK�WKH�HUURUV�JHQHUDWHG�D�EDQG�ZLWKLQ�ZKLFK�ZH�ZRXOG�H[SHFW�
LQGLYLGXDO�VFKRRO�SHUIRUPDQFH�WR�OLH���7KH�EDQG�UHIOHFWV�D�FRQILGHQFH�OHYHO�RI������L�H���WKHUH�
LV�RQO\�D����RU�OHVV�FKDQFH�WKDW�D�VFKRRO¶V�SHUIRUPDQFH�ZRXOG�VLW�RXWVLGH�WKH�EDQG�GXH�VROHO\�
WR�FKDQFH���%HFDXVH�RI�HPSOR\LQJ�WKH�����FRQILGHQFH�LQWHUYDOV��VFKRROV�ZLWK�ERWK�D�
SUHSRQGHUDQFH�RI�WKH�ILYH�YDULDEOHV�ZH�FRQVLGHUHG�LQ�RXU�WZR�EORFN�PRGHO�DQG�WKRVH�ZKR�
KDYH�VPDOO�QXPEHUV�IRU�WKRVH�YDULDEOHV�ZLWKLQ�WKHLU�HQWLUH�VWXGHQW�ERG\�KDYH�PXFK�ODUJHU�
EDQGV���7KHVH�VFKRROV�DW�WKH�WZR�H[WUHPHV�DUH�SURQH�WR�PRUH�HUURUV��UHFDOO�WKH�RXWOLHU�
GLVFXVVLRQ�DERYH���EHFDXVH�WKH\�DUH�RXWOLHUV�LQ�WKH�WRWDO�SRSXODWLRQ�RI�5,�VFKRROV���,Q�RWKHU�
ZRUGV��WKH\�DUH�OHDVW�OLNH�WKH�RWKHU�VFKRROV�LQ�WKH�HQWLUH�5,�VDPSOH��'XH�WR�WKH�IDFW�WKDW�IRU�
DOO�WHVWV�WKLV�\HDU�ZH�XVHG�WZR�\HDUV�ZRUWK�RI�WHVWLQJ�GDWD��ZH�ZHUH�DEOH�WR�FRQVLGHUDEO\�
UHGXFH�WKH�DPRXQW�RI�HUURU�LQKHUHQW�LQ�WKH�PRGHO��7KH�UHVXOW�LV�WKDW�SHUIRUPDQFH�EDQGV�WKLV�
\HDU�DUH�VPDOOHU�LQ�VL]H�WKDQ�WKRVH�DVVRFLDWHG�ZLWK�ODVW�\HDU¶V�UHSRUW��
�
$�9,68$/,=$7,21�2)�7+(�5,�02'(/�
:KLOH�ZH�FDQ�QRW�GUDZ�D�JUDSK�IRU�PXOWLYDULDWH�DQDO\VLV�OLNH�RQH�FDQ�GR�ZLWK�VLPSOH�
UHJUHVVLRQ�PRGHOV��SHUKDSV�D�YLUWXDO��VSDWLDO��LPDJH�RI�WKH�5,�PRGHO�ZRXOG�EH�KHOSIXO���
,PDJLQH�D�ODUJH�HPSW\�URRP�ZLWK�WUDQVSDUHQW�ZDOOV���,QVLGH�WKH�URRP�LV�D�VHW�RI�WKRXVDQGV�RI�
VPDOO�EDOOV�VXVSHQGHG�LQ�VSDFH�DQG�VWUHWFKLQJ�XQHYHQO\�DFURVV�WKH�URRP���7KHVH�EDOOV�
UHSUHVHQW�WKH�DFWXDO�VFRUHV�RI�DOO�VWXGHQWV�LQ�RQH�SDUWLFXODU�JUDGH�ZKR�WRRN�RQH�RI�WKH�VWDWH�
WHVWV���:KHQ�\RX�ORRN�LQWR�WKH�URRP�IURP�WKH�1RUWK��6(6��VLGH�\RX�QRWLFH�WKDW�WKH�EDOOV�
VSUHDG�DFURVV�WKH�URRP�DUH�YDULRXVO\�WLQJHG�ZLWK�UHG�UDQJLQJ�IURP�EULOOLDQW�UHG��YHU\�SRRU��WR�
YHU\�OLJKW��DOPRVW�QRQ�H[LVWHQW�UHG��YHU\�ZHDOWK\����<RX�QRWH�WKDW�PRVW�RI�WKH�EULOOLDQW�UHG�
EDOOV�DUH�FRQFHQWUDWHG�LQ�RQH�HQG�RI�WKH�URRP�DQG�PRVW�RI�WKH�YHU\�OLJKW��DOPRVW�QRQ�H[LVWHQW�
UHG�EDOOV�DUH�FRQFHQWUDWHG�LQ�WKH�IDU�RWKHU�HQG�RI�WKH�URRP���+RZHYHU��\RX�GR�QRWH�D�IHZ�
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EULOOLDQW�UHG�EDOOV�VFDWWHUHG�KHUH�DQG�WKHUH�WKURXJKRXW�WKH�URRP��LQFOXGLQJ�HYHQ�WKH�IDU�HQG�
ZKHUH�WKH�YHU\�OLJKW�EDOOV�KROG�VZD\����
�
6LPLODUO\��DV�\RX�PRYH�WR�WKH�:HVW��6SHFLDO�(GXFDWLRQ��ZDOO�DQG�SHHU�LQWR�WKH�URRP��\RX�QRZ�
QRWLFH�WKDW�WKH�EDOOV�YLHZHG�IURP�WKLV�DQJOH�DUH�WLQJHG�ZLWK�WZR�W\SHV�RI�EOXH�7KH�GHHS�EOXH�
EDOOV�UHSUHVHQW�VWXGHQWV�UHFHLYLQJ�VHUYLFHV�XQGHU�VSHFLDO�HGXFDWLRQ�ODZ�DQG�WKH�OLJKW�EOXH�
UHSUHVHQWV�VWXGHQWV�QRW�UHFHLYLQJ�DQ\�VSHFLDO�HGXFDWLRQ�VHUYLFHV���2QFH�DJDLQ�\RX�QRWH�WKDW�
PRVW�RI�WKH�GHHS�EOXH�EDOOV�DUH�QHDU�WKH�VDPH�ORFDWLRQ�LQ�WKH�URRP�DOWKRXJK�WKHUH�DUH�
H[FHSWLRQV���6RPH�OLJKW�EOXH�EDOOV�FDQ�EH�IRXQG�WKURXJKRXW�WKH�URRP��EXW�PRVW�DUH�
FRQFHQWUDWHG�WRZDUG�RQH�HQG�RI�WKH�URRP���
�
1RZ�\RX�PRYH�WR�WKH�(DVW��ELOLQJXDO�DQG�/(3�SURJUDPV��ZDOO�DQG�QRWLFH�WKDW�WKHUH�DUH�WZR�
NLQGV�RI�SXUSOH�EDOOV�±�GDUN�SXUSOH��UHFHLYLQJ�VHUYLFHV��DQG�OLJKW�SXUSOH��QRQ�UHFLSLHQWV����<RX�
QRWH�GLVSHUVDO�SDWWHUQV�DPRQJ�WKH�SXUSOH�EDOOV�VLPLODU�WR�ZKDW�\RX�KDYH�QRWHG�ZLWK�WKH�
SUHYLRXV�FRORUV��
�
$V�\RX�QRZ�PRYH�WR�D�SODWIRUP�WR�SHHU�GRZQ�LQWR�WKH�URRP�IURP�WKH�WRS��\RX�QRZ�VHH�WKDW�
DOO�WKH�EDOOV�DUH�FRORUHG�IURP�D�EULJKW�\HOORZ��YHU\�KLJK�DFKLHYHPHQW�VFRUH��WR�FOHDU��D�]HUR����
+RZHYHU��\RX�QRWH�D�FUXFLDO�GLIIHUHQFH�IURP�ZKDW�\RX�KDYH�VHHQ�LQ�WKH�URRP�IURP�WKH�RWKHU�
WZR�ZDOOV���$OO�RI�WKH�EULJKW�\HOORZ�EDOOV�DUH�LQ�RQH�HQG�RI�WKH�URRP�DQG�DOO�RI�WKH�FOHDU�EDOOV�
LQ�WKH�RWKHU���,Q�IDFW��EDOOV�ZLWK�LGHQWLFDO�RU�YHU\�VLPLODU�VKDGHV�RI�\HOORZ�DUH�XQLIRUPO\�IRXQG�
LQ�WKH�VDPH�DSSUR[LPDWH�ORFDWLRQ�ZLWKLQ�WKH�URRP���
�
$�SHUVRQ�QRZ�RSHQV�WKH�GRRU�LQWR�WKH�URRP�ZLWK�D�ODUJH�WUDQVSDUHQW�FXEH�ZLWK�FRORUHG�EDOOV�
LQ�LW�VSHFNOHG�ZLWK�WKH�EOXH�DQG�UHG�KXHV�\RX�KDYH�DOUHDG\�REVHUYHG��(DFK�EDOO�LV�DOVR�
XQLIRUPO\�FRORUHG�JUHHQ��WR�UHSUHVHQW�WKH�IDFW�WKDW�WKHVH�DUH�DOO�VWXGHQWV�IURP�WKH�VDPH�
VFKRRO���+H�UHOHDVHV�WKH�EDOOV�LQWR�WKH�URRP�IURP�WKH�FXEH�DQG�WKH\�PDJLFDOO\�KHDG�WR�
YDULRXV�ORFDWLRQV�ZLWKLQ�WKH�URRP���<RX�QRWH�IURP�\RXU�YDQWDJH�SRLQW�DW�WKH�WRS�RI�WKH�URRP�
WKDW�WKH\�DOO�KDYH�DUUDQJHG�WKHPVHOYHV�DW�YDU\LQJ�SODFHV�ZLWKLQ�WKH�URRP�ZLWK�VRPH�
FRQFHQWUDWHG�DW�SDUWLFXODU�SODFHV�DQG�VRPH�H[LVWLQJ�VROHO\�E\�WKHPVHOYHV�ZLWK�QR�RWKHU�JUHHQ�
EDOOV�DQ\ZKHUH�QHDU�WKHP���$V�\RX�GHVFHQG�WR�WKH�:HVW��VSHFLDO�HGXFDWLRQ��ZDOO��\RX�VHH�
WKDW�QHDUO\�DOO�WKH�GHHS�EOXH�EDOOV�MXVW�UHOHDVHG�LQWR�WKH�URRP�KDYH�DUUD\HG�WKHPVHOYHV�LQ�WKH�
HQG�RI�WKH�URRP�ZKHUH�PRVW�RI�WKH�GHHS�EOXH�EDOOV�DUH�FRQFHQWUDWHG���6LPLODUO\��DV�\RX�PRYH�
WR�WKH�1RUWK��6(6��ZDOO�\RX�QRWLFH�WKDW�PRVW�RI�WKH�EULOOLDQW�UHG�EDOOV�IURP�WKLV�VFKRRO�KDYH�
DUUD\HG�WKHPVHOYHV�ZLWK�WKHLU�FRXQWHUSDUWV��RWKHU�YHU\�SRRU�VWXGHQWV�IURP�DFURVV�WKH�VWDWH��
DQG�WKH�(DVW��ELOLQJXDO�/(3��ZDOO�VLPLODUO\���)LQDOO\��DV�\RX�PRYH�WR�WKH�6RXWK��VFKRRO��ZDOO��
\RX�QRWLFH�FOHDUO\�WKDW�\RX�FDQ�HDVLO\�SLFN�RXW�ZKHUH�DOO�WKH�JUHHQ�EDOOV�DUH�ZLWKLQ�WKH�URRP���
,Q�IDFW�\RX�GLVFRYHU�WKDW�\RX�FDQ�FRXQW�KRZ�PDQ\�DUH�LQ�HDFK�VHFWLRQ�RI�WKH�URRP���7KH�
PDMRULW\�RI�EDOOV�UHSUHVHQWLQJ�VWXGHQW�DFKLHYHPHQW�VFRUHV�RQ�WKLV�SDUWLFXODU�WHVW�IURP�WKLV�
SDUWLFXODU�VFKRRO�DUH�FRQFHQWUDWHG�ZLWKLQ�D�JLYHQ�DUHD�RI�WKH�URRP���7KH�SHUVRQ�ZKR�UHOHDVHG�
WKH�EDOOV�QRZ�H[SODLQV�WR�\RX�WKDW�ZKDW�\RX�KDYH�VHHQ�LV�D�VWDWLVWLFDO�PRGHO�RI�ODVW�\HDU¶V�
VWXGHQW�SHUIRUPDQFH�IRU�WKH�VWDWH���(DFK�WLPH�WKH\�UHOHDVH�FRORUHG�EDOOV�UHSUHVHQWLQJ�DQ�
LQGLYLGXDO�VFKRRO�ZLWKLQ�WKH�URRP�����WLPHV�RXW�RI�D�KXQGUHG��WKH�EDOOV�HQG�XS�LQ�WKH�
DSSUR[LPDWH�ORFDWLRQ�ZKHUH�\RX�QRZ�VHH�WKHP���³,V�LW�FKDQFH��RU�MXVW�FRLQFLGHQFH"�´�KH�DVNV�
\RX���<RX�UHSO\��³,�ZLOO�KDYH�WR�JR�WR�WKDW�VFKRRO�DQG�VHH�ZKDW�,�FDQ�ILQG�RXW�´�
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