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$EVWUDFW��:H� SUHVHQW� WKH� GHYHORSPHQW� RI�PXOWL�DWWULEXWH� KLHUDUFKLFDO� PRGHOV�
IRU� WKH� SUHGLFWLRQ� RI� ILQDO� DFDGHPLF� DFKLHYHPHQW� LQ� D� SDUWLFXODU� KLJK�VFKRRO�
HGXFDWLRQDO�SURJUDP��7KH�PRGHOV�ZHUH�GHYHORSHG�E\�D�VHTXHQWLDO�DSSOLFDWLRQ�RI�
GDWD�PLQLQJ��'0��DQG�GHFLVLRQ�VXSSRUW��'6��WHFKQLTXHV��$�GDWDEDVH�RI�SXpils’ 
DFKLHYHPHQWV�ZDV�ILUVW�DQDO\]HG�E\�'0�PHWKRGV��VWDWLVWLFDO�DQDO\VLV��FOXVWHULQJ��
GHFLVLRQ�WUHHV�DQG�KLHUDUFKLFDO�PXOWL�DWWULEXWH�PRGHOV��7KH�ILQGLQJV�ZHUH�LQFRU�
SRUDWHG�LQWR�H[SHUW�GHYHORSHG�'6�PRGHOV��3UHGLFWLYH�DFFXUDF\�RI�WKHVH�PRGHOV�
LV�FRPSDUDEOH�WR�WKDW�RI�H[SHULHQFHG�KXPDQ�H[SHUWV��

�� ,QWURGXFWLRQ�

'DWD�0LQLQJ� �'0�� DQG�'HFLVLRQ� 6XSSRUW� �'6�� DUH� FRPSOHPHQWDU\�PRGHOLQJ� GLVFL�
SOLQHV��'6� >�@� WHQGV� WR� UHO\�RQ�NQRZOHGJH�DFTXLUHG� IURP�H[SHUWV��ZKLOH�'0�>�@� DW�
WHPSWV�WR�H[WUDFW�LW�IURP�GDWD��5HFHQWO\��%RKDQHF�DQG�=XSDQ�>�@�SURSRVHG�DQ�DSSURDFK�
WKDW� FRPELQHV� '0� DQG� '6� IRU� WKH� GHYHORSPHQW� RI� TXDOLWDWLYH� KLHUDUFKLFDO� PXOWL�
DWWULEXWH�PRGHOV��7KH�DSSURDFK�FRPELQHV�WZR�PHWKRGV��'(;�>�@�DV�D�'6�PHWKRG�IRU�
PRGHO�GHYHORSPHQW�EDVHG�RQ�H[SHUW�NQRZOHGJH��DQG�+,17�>�@�DV�D�'0�PHWKRG�WKDW�
GLVFRYHUV�FRQFHSWV�DQG�PRGHOV�IURP�GDWD��6LQFH�ERWK�PHWKRGV�VKDUH�D�FRPPRQ�PRGHO�
UHSUHVHQWDWLRQ��WKH\�FDQ�EH�FRPELQHG�LQ�D�QXPEHU�RI�ZD\V��VXFK�DV�VXSHUYLVHG��VHULDO��
RU�SDUDOOHO��7KHVH�PRGHV�RI�RSHUDWLRQV�ZHUH�GHPRQVWUDWHG�RQ�D�UHDO�OLIH�FDVH�RI�KRXV�
LQJ�ORDQ�DOORFDWLRQ�>�@��LQGLFDWLQJ�D�FRQVLGHUDEOH�LPSURYHPHQW�RI�FODVVLILFDWLRQ�DFFX�
UDF\� DQG�FRPSUHKHQVLELOLW\�RI�PRGHOV�GHYHORSHG� LQ� D� FRPELQHG�ZD\��+RZHYHU�� WKDW�
VWXG\�KDG�D�ZHDN�SRLQW�� LW�ZDV�EDVHG�RQ�D�FDVH� WKDW�KDG�EHHQ�RULJLQDOO\�DSSURDFKHG�
RQO\�E\�'(;��DQG�IRU�WKH�LQWHJUDWLRQ�RI�'(;�DQG�+,17��WKH�FDVH�ZDV�UHYLVLWHG�VHY�
HUDO�\HDUV� ODWHU� LQ�D�VRPHZKDW�K\SRWKHWLFDO�VHWWLQJ��7KXV��WKH�VWXG\�H[SOLFLWO\�UHFRP�
PHQGHG�IXUWKHU�SUDFWLFDO�HYDOXDWLRQ�RI�WKH�DSSURDFK��

,Q�WKLV�SDSHU��ZH�SUHVHQW�VXFK�D�UHDO�OLIH�FDVH�LQ�ZKLFK�WKH�FRPELQDWLRQ�RI�'0�DQG�
'6�PHWKRGV�KDV�WDNHQ�SODFH�IURP�WKH�EHJLQQLQJ��7KH�FDVH�LV�LQ�WKH�DUHD�RI�HGXFDWLRQ��
WKH�DLP�ZDV�WR�GHYHORS�D�KLHUDUFKLFDO�PXOWL�DWWULEXWH�GHFLVLRQ�PRGHO�IRU�WKH�SUHGLFWLRQ�
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RI� ILQDO� DFDGHPLF� DFKLHYHPHQW� LQ� D� SDUWLFXODU� KLJK�VFKRRO� HGXFDWLRQDO� SURJUDP��:H�
XVHG�D�GDWDEDVH�RI�SXSLOV�FROOHFWHG�LQ�RQH�RI�6ORYHQLDQ�KLJK�VFKRROV��,Q�RUGHU�WR�GLV�
FRYHU�WKH�SDWWHUQV�DQG�LQGLFDWRUV�WKDW�GHWHUPLQH�DFDGHPLF�VXFFHVV�RU�IDLOXUH��WKLV�GDWD�
EDVH�ZDV�DQDO\]HG�E\�D�QXPEHU�RI�'0�PHWKRGV�� LQFOXGLQJ�EDVLF�VWDWLVWLFDO�DQDO\VLV��
FOXVWHULQJ�� DQG� PDFKLQH� OHDUQLQJ� RI� GHFLVLRQ� WUHHV� DQG� KLHUDUFKLFDO� PXOWL�DWWULEXWH�
PRGHOV��7KHVH�ILQGLQJV�ZHUH�WKHQ�WDNHQ�LQWR�DFFRXQW�LQ�GHYHORSLQJ�D�SUHGLFWLYH�PXOWL�
DWWULEXWH�PRGHO��ZKLFK�ZDV�GRQH�LQ�D�'6�ZD\�E\�LQYROYLQJ�DQ�H[SHUW�DQG�XVLQJ�'(;��
,Q�WKH�ILQDO�VWDJH��WKH�PRGHO�ZDV�WKRURXJKO\�HYDOXDWHG�IURP�WKH�YLHZSRLQW�RI�LWV�SUH�
GLFWLYH�DFFXUDF\�DQG�VXLWDELOLW\�IRU�SUDFWLFH��

7KLV�SDSHU� LV�RUJDQL]HG�DV� IROORZV��6HFWLRQ���GHVFULEHV� WKH�SUREOHP�RI� DFDGHPLF�
DFKLHYHPHQW� SUHGLFWLRQ�� DQG� IRUPXODWHV� UHVHDUFK� TXHVWLRQV�� JRDOV� DQG�PHWKRGRORJ\��
7KH� UHVXOWV� RI� GDWD�PLQLQJ� DUH� SUHVHQWHG� LQ� VHFWLRQ����7KHVH� UHVXOWV�ZHUH� FRPELQHG�
ZLWK�H[SHUW�NQRZOHGJH�WR�GHYHORS�WZR�PRGHOV��ZKLFK�DUH�SUHVHQWHG�LQ�VHFWLRQ����7KH�
TXDOLW\�RI�WKH�PRGHOV�LV�DVVHVVHG�LQ�VHFWLRQ����7KH�SDSHU�LV�FRQFOXGHG�E\�D�VXPPDU\�
DQG�UHFRPPHQGDWLRQV�IRU�IXUWKHU�UHVHDUFK��

�� 3UREOHP�

Academic achievement depends on the consistency between individual’s features and 
GHPDQGV�RI�VFKRRO��7KHUHIRUH��WKH�SUREOHP�RI�KLJK�VFKRRO�IDLOXUH�KDV�LWV�URRWV�PRVWO\�
LQ� DQ� LQDSSURSULDWH� FKRLFH�RI� VFKRRO��7KH� FKRLFH�RI� VFKRRO�RU�SURIHVVLRQ� LV�D�PXOWL�
DWWULEXWH�GHFLVLRQ�PDNLQJ�SURFHVV� LQ�ZKLFK� WKH�FKRLFH� WDNHV�SODFH�DW�ERWK�VLGHV��7KH�
JRDOV�RI�SXSLOV�DQG�VFKRROV�DUH�RIWHQ� LQ�FRQIOLFW��SXSLOV�ZLVK� WR�FKRRVH� WKH�PRVW�DS�
SURSULDWH�VFKRRO� IRU� WKHPVHOYHV��DQG�VFKRROV�ZDQW� WR�VHOHFW�RQO\�WKH�EHVW�FDQGLGDWHV��
%HFDXVH�RI�XQFHUWDLQW\� LQYROYHG� LQ� WKH�SURFHVV�� WKHUH� LV� DOZD\V� D� ULVN�RI� LQDGHTXDWH�
FKRLFH� RI� VFKRRO� ZLWK� QHJDWLYH� FRQVHTXHQFHV�� )XUWKHUPRUH�� ZKHQ� SDVVLQJ� IURP� SUL�
PDU\�WR�KLJK�VFKRRO��SXSLOV�DUH�VWLOO�LPPDWXUH��WKH\�GR�QRW�NQRZ�WKHPVHOYHV�DQG�WKH\�
DUH�QRW�IXOO\�DZDUH�RI�GLIIHUHQW�RSSRUWXQLWLHV�DQG�GHPDQGV�RI�IXUWKHU�HGXFDWLRQ��7KH\�
QHHG�SURIHVVLRQDO�DGYLFH�IRU�FKRRVLQJ�VFKRROV�DQG�HGXFDWLRQDO�SURJUDPV�>�@��

(GXFDWLRQDO� DQG� SURIHVVLRQDO� FRXQVHOLQJ� LQ� RXU� FRXQWU\�� 6ORYHQLD�� LV� SURYLGHG�
mostly by schools’ counseling services. A study of their work [7] revealed a number 
RI�SUREOHPV��&RXQVHORUV�DUH�WRR�EXV\�IRU�HGXFDWLRQDO�FRXQVHOLQJ�RI�KLJK�TXDOLW\��7KHLU�
VXJJHVWLRQV�DUH�XVXDOO\�LQWXLWLYH�DQG�EDVHG�RQ�YHU\�IHZ�DQG�RIWHQ�LQFRPSOHWH�GDWD��$OO�
schools try to reject “bad” pupils. There is little time and there is a lack of alternatives. 
$W�WKH�WLPH�RI�KLJK�VFKRROV�HQUROPHQW�LW�LV�DOUHDG\�WRR�ODWH�IRU�DSSURSULDWH�DFWLYLWLHV�WR�
SUHYHQW� DFDGHPLF� IDLOXUH�� %HFDXVH� RI� WKH� FRQIOLFW� VLWXDWLRQ� DQG� VXEMHFWLYH� DGYLFH��
pupils and their parents rarely consider counselors’ warnings.�

7KHUHIRUH��FRXQVHORUV�QHHG�D�WRRO�IRU�WKH�SUHGLFWLRQ�RI�ILQDO�DFDGHPLF�DFKLHYHPHQW�
LQ� DQ� HDV\� XQGHUVWDQGLQJ� ZD\� ZLWK� KLJK� DFFXUDF\�� 6XFK� D� WRRO� ZRXOG� SURYLGH� DQ�
RSSRUWXQLW\� WR�SUHGLFW� VFKRRO� IDLOXUH�DQG� UHDFW�SURSHUO\�RQ� WLPH��,QGLUHFWO\�� LW�ZRXOG�
DOVR� KHOS� WR� GHFUHDVH� VRPH� XQGHVLUDEOH� VRFLDO� SKHQRPHQD� VXFK� DV� XQHPSOR\PHQW��
GHOLQTXHQF\�� GUXJ� DGGLFWLRQ�� YLROHQFH�� HWF�� >�@�� ,Q� JHQHUDO�� DFDGHPLF� DFKLHYHPHQW�
GHSHQGV�RQ�WKH�LQWHUDFWLRQ�RI�SK\VLFDO��SK\VLRORJLFDO��VRFLDO�DQG�SV\FKRORJLFDO�IDFWRUV�
>�@��ZKLFK�SURYLGH�D�EDVLV�IRU�PXOWL�DWWULEXWH�PRGHOLQJ��
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2XU�UHVHDUFK�JRDO�ZDV�WR�GHYHORS�D�PXOWL�DWWULEXWH�PRGHO�IRU�WKH�SUHGLFWLRQ�RI�ILQDO�
DFDGHPLF�DFKLHYHPHQW�RQ�DQ�LQGLYLGXDO�KLJK�VFKRRO�HGXFDWLRQDO�SURJUDP��:H�ZDQWHG�
WR�YDOLGDWH� WKH�PRGHO�� WR� VKRZ� LWV� VWUHQJWKV� DQG�ZHDNQHVVHV�� DQG�JLYH� UHFRPPHQGD�
WLRQV�IRU�LWV�DSSOLFDWLRQ��,Q�SDUWLFXODU��ZH�ZHUH�ORRNLQJ�IRU�WKH�DQVZHUV�RQ�WKH�IROORZ�
LQJ�TXHVWLRQV��

• ,V�LW�SRVVLEOH�WR�GLVFRYHU�JHQHUDO�SDWWHUQV�DQG�UXOHV�RI�DFDGHPLF�DFKLHYHPHQWV�IURP�
D�GDWDEDVH�RI�SXSLOV��VXFK�DV�WKH�RQH�FRPPRQO\�XVHG�LQ�6ORYHQLDQ�SULPDU\�DQG�KLJK�
VFKRROV"�

• 2Q�WKLV�JURXQG��LV�LW�SRVVLEOH�WR�EXLOG�D�PXOWL�DWWULEXWH�PRGHO�IRU�WKH�SUHGLFWLRQ�RI�
ILQDO�DFDGHPLF�DFKLHYHPHQW�RQ�DQ�LQGLYLGXDO�KLJK�VFKRRO�HGXFDWLRQDO�SURJUDP"��

• +RZ�DFFXUDWH�LV�WKH�SUHGLFWLRQ�RI�VXFK�PRGHOV"�
• ,I�DQG�KRZ�FDQ�PRGHOV�FRQWULbute to the quality of achievements’ estimations and 

TXDOLW\�RI�VFKRRO�FKRLFHV"�
• &RXOG�WKH\�LPSURYH�DFKLHYHPHQWV�LQ�JHQHUDO"�
• +RZ�WR�LPSOHPHQW�WKH�DSSURDFK�LQ�SUDFWLFH"�
�
7KH�PHWKRGRORJ\�LQYROYHG�LV�D�FRPELQDWLRQ�RI�'0�DQG�'6�PHWKRGV��ZKLFK�ZHUH�XVHG�
VHTXHQWLDOO\�DV�SUHVHQWHG�LQ�WKH�IROORZLQJ�WZR�VHFWLRQV���

�� 'DWD�0LQLQJ�

7KH�'0�VWDJH�ZDV�FDUULHG�RXW�XVLQJ�VWDWLVWLFDO�PHWKRGV��YLVXDOL]DWLRQ��FOXVWHULQJ��DQG�
PDFKLQH� OHDUQLQJ�� $PRQJ� PDFKLQH� OHDUQLQJ� PHWKRGV� ZH� XVHG� WKH� GHYHORSPHQW� RI�
FODVVLILFDWLRQ� GHFLVLRQ� WUHHV� DQG� GHYHORSPHQW� RI�PXOWL�DWWULEXWH� KLHUDUFKLFDO�PRGHOV��
:H�XVHG�WKH�WRROV�6366�>��@��:HND�>��@�DQG�2UDQJH�>��@��,Q�DFFRUGDQFH�ZLWK�D�JHQ�
HUDO� '0�PHWKRGRORJ\� >�@�� WKH� DQDO\VLV� ZDV� SUHFHGHG� E\� GDWD� SUHSDUDWLRQ� DQG� SUH�
SURFHVVLQJ��DQG�IROORZHG�E\�WKH�LQWHUSUHWDWLRQ�DQG�HYDOXDWLRQ�RI�UHVXOWV��

���� 'DWD�3UHSDUDWLRQ�DQG�3UH�3URFHVVLQJ�

The analysis was based on a pupils’ database that was created in one of Slovenian 
KLJK�VFKRROV�XVLQJ�D�FRPSXWHU�SURJUDP�(YLGHQFD�>��@��7KH�GDWDEDVH�ZDV�H[SRUWHG�WR�
0LFURVRIW�64/�6HUYHU������>��@��ZKLFK�ZDV�XVHG�DV�D�WRRO�IRU�GDWD�SUHSDUDWLRQ��$IWHU�
QRUPDOL]DWLRQ�� WKH� GDWDEDVH�ZDV� LQWHJUDWHG� LQWR� D� VLQJOH� WDEOH�� LQ�ZKLFK� HDFK� UHFRUG�
FRQWDLQHG�DOO�GDWD�DYDLODEOH�DERXW�RQH�SXSLO��,Q�WRWDO��WKHUH�DUH����DWWULEXWHV��$�SDUW�����
DWWULEXWHV��LV�NQRZQ�EHIRUH�HQUROPHQW�LQ�KLJK�VFKRRO��ZKLOH�WKH�UHPDLQLQJ����DWWULEXWHV�
UHSUHVHQW� VFKRRO� PDUNV� DQG� RWKHU� GDWD� REWDLQHG� LQ� VXFFHVVLYH� JUDGHV� RI� WKH� KLJK�
VFKRRO��7KH�PDLQ�JURXSV�RI�DWWULEXWHV�DUH��

• Pupil’s personal and demographic data: gender, date and tRZQ�RI�ELUWK��FLWL]HQVKLS��
SULPDU\�VFKRRO�QDPH��HWF��

• 'DWD� RQ� DFDGHPLF� DFKLHYHPHQWV� LQ� SULPDU\� VFKRRO�� LQGLYLGXDO� VXEMHFW�PDUNV� DQG�
JHQHUDO�DFKLHYHPHQW�PDUNV�LQ�WKH�ODVW�WZR�\HDUV�RI�SULPDU\�HGXFDWLRQ��
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• 'DWD�RQ�DFKLHYHPHQWV�DQG�EHKDYLRU�LQ�WKH�ILUVW��VHFRQG��WKLUG�DQG�IRXUWK�KLJK�VFKRRO�
JUDGH�� LQGLYLGXDO� VXEMHFW� PDUNV�� JHQHUDO� DFKLHYHPHQW� PDUN�� GLVFLSOLQH� VDQFWLRQV��
KRXUV�RI�H[FXVHG�DQG�XQH[FXVHG�DEVHQFH�IURP�VFKRRO��HWF��

)RU�HDFK�SXSLO�LQ�WKH�GDWDEDVH��KLV�RU�KHU�DFDGHPLF�DFKLHYHPHQW�LV�DOUHDG\�NQRZQ��
,W�LV�UHSUHVHQWHG�E\�WKH�IROORZLQJ�ILYH�FDWHJRULHV��

• ���JUDGXDWHV�ZLWK�JHQHUDO�DFKLHYHPHQW�PDUN���RU����%�RU�$��DIWHU�IRXU�\HDUV��
• ���JUDGXDWHV�ZLWK�JHQHUDO�DFKLHYHPHQW�PDUN���RU����&�RU�'��DIWHU�IRXU�\HDUV��
• ���JUDGXDWHV�DIWHU�ILYH�RU�VL[�\HDUV��SURORQJHG�WLPH�RI�HGXFDWLRQ���
• ���IDLOV�DQG�VWRSV�HGXFDWLQJ�DIWHU�RQH�RU�WZR�\HDUV��
• ���IDLOV�DQG�VWRSV�HGXFDWLQJ�DIWHU�WUHH�RU�PRUH�\HDUV��

7KLV�GDWDEDVH–KHUHDIWHU�UHIHUUHG�WR�DV�'%�–FRQWDLQHG�GDWD�DERXW�1� ������SXSLOV��
$OO� WKH�UHFRUGV�FRQWDLQHG�FRPSOHWH�GDWD�NQRZQ�EHIRUH� WKH�HQUROPHQW�DQG�GDWD�DERXW�
ILQDO� DFDGHPLF� DFKLHYHPHQWV�� +RZHYHU�� D� FRQVLGHUDEOH� SURSRUWLRQ� RI� GDWD� IRU� DOO�
VFKRRO�\HDUV�ZDV�LQFRPSOHWH��7KHUHIRUH��ZH�DOVR�FUHDWHG�D�VPDOOHU�GDWDEDVH��'%���RI�
1� �����SXSLOV�IRU�ZKLFK�FRPSOHWH�GDWD�ZDV�DYDLODEOH�IRU�DOO�VFKRRO�\HDUV��

���� %DVLF�6WDWLVWLFDO�$QDO\VLV�

:H� VWDUWHG� WKH� DQDO\VLV�ZLWK� HVWDEOLVKLQJ� JHQHUDO� VWDWLVWLFV��PHDVXUHV� RI� FRUUHODWLRQV�
EHWZHHQ� YDULDEOHV� DQG� YLVXDOL]DWLRQ� LQ� 6366�� 'HVFULSWLYH� VWDWLVWLFV� DQG� IUHTXHQF\�
GLVWULEXWLRQV�RI�YDULDEOHV�ZHUH�DVVHVVHG�IRU�ERWK�GDWDEDVHV��DQG�6SHDUPDQ�FRHIILFLHQWV�
RI� UDQN� FRUUHODWLRQ�ZHUH� FRPSXWHG� EHWZHHQ� QXPHULFDO� YDULDEOHV� DQG� ILQDO� DFDGHPLF�
DFKLHYHPHQW��7KH� UHODWLRQ�EHWZHHQ�QRPLQDO�YDULDEOHV�DQG� ILQDO�DFKLHYHPHQW�ZDV�HV�
WDEOLVKHG�XVLQJ�FKL�VTXDUH�WHVW�DQG�FRQWLQJHQF\�FRHIILFLHQW���

�
7DEOH����)UHTXHQF\�GLVWULEXWLRQ�RI�DFKLHYHPHQW�FDWHJRULHV�LQ�'%���

&DWHJRU\� �� �� �� �� ��

)UHTXHQF\�>�@� ����� ����� ����� ����� ����
�

7KH�GLVWULEXWLRQ�RI�DFKLHYHPHQW�FDWHJRULHV� LV�VKRZQ�LQ�7DEOH����,W� WXUQHG�RXW�WKDW�
DFDGHPLF�IDLOXUH��FDWHJRULHV���DQG����ZDV�TXLWH�FRPPRQ�–�PRUH�WKDQ�����SXSLOV�OHIW�
WKH�VFKRRO�DQG�QHYHU�JUDGXDWHG��6XFK�OHYHO�RI�IDLOXUH�ZRXOG�EH�FRQVLGHUHG�D�GLVDVWHU�LQ�
HYHU\�ZRUN�RUJDQL]DWLRQ�>�@��EXW�VXUSULVLQJO\�QRW�LQ�VFKRROV��+LJK�SHUFHQWDJH�RI�IDLO�
XUH�LQ�RXU�KLJK�VFKRROV�FRQILUPV�D�SRRU�SHUIRUPDQFH�RI�SURIHVVLRQDO�FRXQVHOLQJ��

7KH�PDMRULW\�RI�SXSLOV�JUDGXDWH�LQ�WLPH�ZLWK�JHQHUDO�DFKLHYHPHQW�PDUN���RU����&�RU�
'� LQ�$PHULFDQ�V\VWHP��� ,Q�RXU�DQDO\VLV�� WKH\� UHSUHVHQW� WKH�PDMRULW\�FDWHJRU\���ZLWK�
DSULRUL�FODVVLILFDWLRQ�DFFXUDF\�RI���������*HQHUDO�DFKLHYHPHQW�PDUNV�LQ�WKH�ILUVW�KLJK�
VFKRRO�JUDGH�DUH�RQ�DYHUDJH�RQH�RU�WZR�PDUNV�ORZHU�WKDQ�JHQHUDO�DFKLHYHPHQW�PDUNV�
LQ�SULPDU\�VFKRRO��0RVW�PDUNV�DUH�EHWZHHQ���DQG����(�DQG�&���DQG�SXSLOV�ZLWK���DQG���
�%�DQG�$��DUH�YHU\�UDUH��

$EVHQFHV� IURP� VFKRRO� DQG� GLVFLSOLQH� VDQFWLRQV� DUH� LQ� QHJDWLYH�� ZKLOH� GLIIHUHQW�
PDUNV� LQ� SULPDU\� DQG� KLJK� VFKRRO� DUH� LQ� SRVLWLYH� FRUUHODWLRQ� ZLWK� DFKLHYHPHQWV��
$FKLHYHPHQWV�PRVW� VWURQJO\�FRUUHODWH�ZLWK�JHQHUDO�DFKLHYHPHQW�PDUNV�DW� WKH�HQG�RI�
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grades. Pupils’ age at high school enroOPHQW�QHJDWLYHO\�FRUUHODWHV�ZLWK�DFKLHYHPHQWV��
2EYLRXVO\��SUHdictions based on “later” data are more accurate and valid, but also less 
XVHIXO�LQ�SUDFWLFH��DV�WKH\�FRPH�WRR�ODWH�IRU�D�VXFFHVVIXO�FRUUHFWLYH�DFWLRQ��

6WDWLVWLFDO� DQDO\VHV� DOVR� UHYHDOHG� VRPH� LQWHUHVWLQJ� DQG� XQH[SHFWHG� ILQGLQJV�� VXFK�
WKDW� SDUWLFXODU� VXEMHFW�PDUNV� IURP� D� SDUWLFXODU� WHDFKHU� KDYH� QR� YDOLGLW\� DW� DOO��ZKDW�
deserves serious consideration and appropriate actions of school’s maQDJHPHQW��

���� 0DFKLQH�/HDUQLQJ�RI�'HFLVLRQ�7UHHV�

&ODVVLILFDWLRQ�GHFLVLRQ� WUHHV�ZHUH�EXLOW�ZLWK� WKH�SURJUDP�:HND��XVLQJ� WKH�DOJRULWKP�
-����>��@��D�YHUVLRQ�RI�ZHOO�known Quinlan’s algorithm C4.5 [15]. An initial decLVLRQ�
WUHH�ZDV�EXLOW�IURP�DOO�DWWULEXWHV��'LIIHUHQW�GHFLVLRQ�WUHHV�ZHUH�WKHQ�GHYHORSHG�RQ�WKH�
EDVLV�RI�GLIIHUHQW�VHOHFWLRQV�RI�DWWULEXWHV��&ODVVLILFDWLRQ�DFFXUDF\�ZDV�HVWLPDWHG�E\����
IROG�FURVV�YDOLGDWLRQ��

:KHQ� XVLQJ� DOO� WKH� DWWULEXWHV�� WKH� FODVVLILFDWLRQ� DFFXUDF\� WXUQHG� RXW� DV� KLJK� DV�
��������7KLV�PHDQV� WKDW� DW� WKH� HQG�RI�KLJK�VFKRRO� HGXFDWLRQ� WKH�SUHGLFWLRQ�RI� ILQDO�
DFKLHYHPHQW�LV�DOPRVW�FHUWDLQ��+RZHYHU��WKLV�LV�QRW�SUDFWLFDO�DV�ZH�ZLVK�WR�PDNH�SUH�
GLFWLRQV�VHYHUDO�\HDUV�HDUOLHU��SRVVLEO\�DW�WKH�HQUROPHQW�LQ�KLJK�VFKRRO�RU�DW�OHDVW�DIWHU�
WKH�ILUVW�KLJK�VFKRRO�JUDGH��:KHQ�ZH�OLPLW�WKH�SUHGLFWLRQ�WR�DWWULEXWHV�WKDW�DUH�NQRZQ�
DW�WKDW�WLPH��WKH�FODVVLILFDWLRQ�DFFXUDF\�RI�FRUUHVSRQGLQJ�GHFLVLRQ�WUHHV�GHJUDGHV�FRQ�
VLGHUDEO\��)LJXUH���VKRZV�WKDW�WKH�FODVVLILFDWLRQ�DFFXUDF\�RQ�WKH�EDVLV�RI�GDWD�NQRZQ�
EHIRUH� HQUROPHQW� ���� DWWULEXWHV�� RQO\� VOLJKWO\� H[FHHGV� ����� $W� WKH� HQG� RI� WKH� ILUVW�
JUDGH�����DWWULEXWHV���WKH�FODVVLILFDWLRQ�DFFXUDF\�LPSURYHV�WR�DERXW������DQG�RQH�\HDU�
ODWHU�����DWWULEXWHV��WR�VOLJKWO\�EHORZ������
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)LJ�����&ODVVLILFDWLRQ�DFFXUDF\�RI�GHFLVLRQ�WUHHV�GHYHORSHG�IURP�GLIIHUHQW�DWWULEXWHV�

,Q�RUGHU� WR� LPSURYH�FODVVLILFDWLRQ�DFFXUDF\��ZH�FRQGXFWHG�D�QXPEHU�RI�DGGLWLRQDO�
H[SHULPHQWV�� ����GHYHORSLQJ� WUHHV�RQ�GDWD�FRUUHVSRQGLQJ� WR�VSHFLILF�HGXFDWLRQDO�SUR�
JUDPV������XVLQJ�GLIIHUHQW�DFKLHYHPHQW�FODVVLILFDWLRQV������XVLQJ�FRVW�VHQVLWLYH�FODVVLIL�
FDWLRQ�� DQG� ���� GHYHORSLQJ� WUHHV� RQ�'%�� LQVWHDG� RI� '%��� 7KH� UHVXOWV� UHYHDOHG� WKDW�
GHYHORSLQJ�WUHHV�ZLWK�UHVSHFW�WR�HGXFDWLRQDO�SURJUDP�ZLWK�DWWULEXWHV�NQRZQ�DW�OHDVW�DW�
WKH�HQG�RI�ILUVW�KLJK�VFKRRO�JUDGH�VHHP�WKH�PRVW�UDWLRQDO��'LIIHUHQW�DFKLHYHPHQW�FODVVL�
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ILFDWLRQV� DQG� FRVW�VHQVLWLYH� FODVVLILFDWLRQ� GLG� QRW� LPSURYH� FODVVLILFDWLRQ� DFFXUDF\��
'HYHORSLQJ�WUHHV�RQ�'%��UHVXOWHG�LQ�VPDOOHU�WUHHV�ZLWK�VLJQLILFDQWO\�EHWWHU�FODVVLILFD�
WLRQ�DFFXUDF\�–�RIWHQ�RYHU�����EHWWHU�WKDQ�ZLWK�'%���

:H� FRQFOXGHG� WKDW� IRU� GHYHORSLQJ�PXOWL�DWWULEXWH� GHFLVLRQ�PRGHOV�� WKH� EHVW� EDVLV�
SURYLGH�WKH�WUHHV�GHYHORSHG�RQ�'%���FRUUHVSRQGLQJ�WR�VSHFLILF�HGXFDWLRQDO�SURJUDP��
DQG� XVLQJ� ��� RU� ��� H[SHUW�VHOHFWHG� DWWULEXWHV�� 'HVSLWH� FRQVLGHUDEOH� GLIIHUHQFHV� EH�
WZHHQ�WUHHV��LW�VHHPV�WKDW�WKH�EHVW�SUHGLFWRU�DPRQJ�WKH�DWWULEXWHV�NQRZQ�EHIRUH�HQURO�
PHQW� LV� WKH� ILQDO�JHQHUDO�DFKLHYHPHQW�PDUN�RI�SULPDU\�VFKRRO��DQG�DPRQJ�DWWULEXWHV�
NQRZQ�DW�WKH�HQG�RI�ILUVW�KLJK�VFKRRO�JUDGH�WKH�ILQDO�JHQHUDO�DFKLHYHPHQW�PDUN�RI�WKH�
ILUVW�KLJK�VFKRRO�JUDGH��

2WKHU�JRRG�SUHGLFWRUV�GHSHQG�RQ� WKH�HGXFDWLRQDO�SURJUDP��)RU�H[DPSOH�� WKH�EHVW�
tree using 30 attributes for educational program referred to as “L” is shown in FiJXUH�
���$PRQJ�DWWULEXWHV�NQRZQ�DW�WKH�HQG�RI�WKH�ILUVW�JUDGH�WKH�PRVW�LPSRUWDQW�DUH�WKH�ILUVW�
JUDGH� JHQHUDO� DFKLHYHPHQW� PDUN�� VXEMHFW� PDUNV� LQ� 6ORYHQH� ODQJXDJH�� +LVWRU\� DQG�
3K\VLFV�LQ�WKH�ILUVW�KLJK�VFKRRO�JUDGH��DJH�DW�WKH�KLJK�VFKRRO�HQUROPHQW�DQG�XQH[FXVHG�
DEsence in the third semester. These attributes indicate that the program “L” demands 
JHQHUDO� LQWHOOLJHQFH�� YHUEDO� DELOLWLHV�� ZRUN� KDELWV�� PHPRU\� DQG� ORJLFDO� DELOLWLHV� DQG�
WKDW�WKH�DEVHQFH�GLPLQLVKHV�WKH�SRVVLELOLW\�RI�VXFFHVV��
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<!BDCE�FHGHI JKHL�MNGOLQP;L;I JQR�J�S;TOU LVL;W�L;P�FHX�YHF TQL'Y U I EFZTOU G[T'E;SQT;XQXOR GHI JKHL
\?R XVL;P;L'MNW�JQI ]!X�YHEH^;_ ` L;SFH\?R X�VLOPQL�R JQP�G[^;JGOL
a�U EQF X;I b�McW�JQI ]!X�YHEH^Q_ ` L;S FZa!U EF XOI b
d=TQb E;U S�E�MNW�JQI ]!X�YHEH^;_ ` L;SF[d=TQb E;S;U E
JGOL�L;POI X;R MZJQGOL�JFHL;POI XOR W'L;PFZe U P�W�XQP�F TQEf
^;P;L g'JQ_�hHI K�E;LQW MN^OP;Lg�S;^�E;L�KiJQ_�EOLQP;SQL�U P�F T�L'F TOU I K�E;L;W�LE�F LOI[e TQXO^;I Ef

�

)LJ��� The best tree for educational program “L” (Q� ������FODVVLILFDWLRQ�DFFXUDF\�LV��������

,Q� VXPPDU\�� FODVVLILFDWLRQ� DFFXUDF\� RI� WUHHV�XVLQJ� DWWULEXWHV�NQRZQ�EHIRUH� HQURO�
PHQW�LV�JHQHUDOO\�ORZ��DERXW������DQG�VOLJKWO\�H[FHHGV�WKH�DSULRUL�DFFXUDF\����������
6RPHZKDW�EHWWHU��DERXW������LV�WKH�FODVVLILFDWLRQ�DFFXUDF\�RI�GHFLVLRQ�WUHHV�GHYHORSHG�
IURP�DWWULEXWHV�NQRZQ�DW�WKH�HQG�RI�ILUVW�KLJK�VFKRRO�JUDGH��
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���� &OXVWHULQJ�

,Q�:HND�� SXSLOV� ZHUH� FOXVWHUHG� LQWR� WKUHH�� IRXU� DQG� ILYH� JURXSV� XVLQJ� WKH� N�PHDQV�
DOJRULWKP�>��@��7ZR�VHWV�RI�DWWULEXWHV�ZHUH�XVHG���������H[SHUW�VHOHFWHG�DWWULEXWHV��DOO�
NQRZQ�EHIRUH�HQUROPHQW�LQ�KLJK�VFKRRO��DQG��������DWWULEXWHV��NQRZQ�DW�WKH�HQG�RI�ILUVW�
KLJK�VFKRRO�JUDGH��

&OXVWHULQJ� UHIOHFWHG� GLIIHUHQW� DELOLWLHV� DQG� PRWLYDWLRQ� RI� SXSLOV�� 7KH� EHVW� UHVXOWV�
ZHUH� DFKLHYHG�E\� FOXVWHULQJ� LQWR� ILYH�JURXSV�RQ� WKH�EDVLV�RI�DWWULEXWHV�NQRZQ�DW� WKH�
HQG�RI�ILUVW�KLJK�VFKRRO�JUDGH��EHFDXVH�VRPH�GLIIHUHQFHV�PDQLIHVW�RQO\�RQ�WKH�KLJKHU�
DQG� PRUH� GHPDQGLQJ� OHYHO� RI� HGXFDWLRQ�� 7KH� ILYH� FOXVWHUV� GLIIHU� PRVWO\� LQ� VXEMHFW�
grades and general achievement grades. It is interesting that “worst” pupils in prLPDU\�
VFKRRO�RIWHQ�FKRVH�D�OHVV�GHPDQGLQJ�HGXFDWLRQDO�SURJUDP��LQGLFDWLQJ�WKH\�KDG�DW�OHDVW�
SDUWLDOO\� FRQVLGHUHG� DGYLFH� RI� HGXFDWLRQDO� FRXQVHORUV�� %XW� SXSLOV� IURP� ODUJH� FLWLHV�
VHHP�WR�KDYH�KLJKHU�HGXFDWLRQDO�DVSLUDWLRQV�DQG�GHVSLWH�WKH�VDPH�DFKLHYHPHQW�WHQG�WR�
FKRRVH�PRUH� GHPDQGLQJ� SURJUDPV�� UHVXOWLQJ� LQ� WKH� ORZHVW� DFKLHYHPHQWV� RI� WKH� ILUVW�
KLJK�VFKRRO�JUDGH��:KHQ�DELOLWLHV�DUH�ORZ��KLJK�DVSLUDWLRQV�DUH�QRW�HQRXJK�IRU�VXFFHVV��

���� 0DFKLQH�/HDUQLQJ�RI�0XOWL�$WWULEXWH�+LHUDUFKLFDO�0RGHOV�ZLWK�+,17�

)LQDOO\�� ZH� XVHG� +,17� WR� FRQVWUXFW� PXOWL�DWWULEXWH� PRGHOV� IURP� GDWD��:H� XVHG� LWV�
LPSOHPHQWDWLRQ�ZLWKLQ� WKH�'0�VXLWH�2UDQJH�>��@��ZKHUH�+,17�LV�OLPLWHG�WR�GLVFUHWH�
GDWD� ZLWKRXW� PLVVLQJ� YDOXHV�� 7KXV�� FRQWLQXRXV� DWWULEXWHV� ZHUH� ILUVW� GLVFUHWL]HG� DQG�
PLVVLQJ�YDOXHV�ZHUH�UHSODFHG�ZLWK�PDMRULW\�YDOXHV��0RGHOV�ZHUH�EXLOW�XVLQJ����DQG����
H[SHUW�VHOHFWHG� DWWULEXWHV�� XVLQJ� XQVXSHUYLVHG�PLQLPDO�HUURU� GHFRPSRVLWLRQ�ZLWK� WKH�
GHIDXOW�ERXQG�VHW�VL]H�RI�WZR��$JDLQ��WKH�FODVVLILFDWLRQ�DFFXUDF\�ZDV�HVWLPDWHG�E\����
IROG�FURVV�YDOLGDWLRQ��

7KH� FODVVLILFDWLRQ� DFFXUDF\� RI� +,17�PRGHOV� ZDV� TXLWH� ORZ� DQG� XQVDWLVIDFWRU\� –�
PRVW�RIWHQ� LW�ZDV�FORVH� WR� WKH�DSULRUL�DFFXUDF\��6XFK�UHVXOWV�DUH�SDUWO\�GXH�WR�D�UHOD�
WLYHO\�VPDOO�OHDUQLQJ�VDPSOH��1� ������DQG�FRPSOH[LW\�RI�GDWD��

$OWKRXJK�WKH�PRGHOV�ZHUH�QRW�DSSURSULDWH�IRU�GLUHFW�XVH��WKH\�SURYLGHG�D�QXPEHU�RI�
LPSRUWDQW�JXLGHOLQHV�IRU�FRPSRVLQJ�DWWULEXWHV�DQG�GHILQLQJ�GHFLVLRQ�UXOHV�LQ�WKH�IRUWK�
FRPLQJ� PDQXDOO\� GHYHORSPHQW� RI� '(;�PRGHOV�� )RU� H[DPSOH�� DPRQJ� WKH� DWWULEXWHV�
NQRZQ� EHIRUH� WKH� HQUROPHQW�� WKH�PDUNV� RI�0DWK� DQG� 3K\VLFV� WXUQHG� RXW� WR� EH� YHU\�
JRRG�SUHGLFWRUV��7KH�DQDO\VLV�DOVR�UHYHDOHG�WKH�VR�called “rule of chain“: the marks of 
0DWK�DQG�3K\VLFV�PRVWO\�OLPLW�WKH�KLJKHVW�JHQHUDO�DFKLHYHPHQW��(YHQ�PRUH�REYLRXVO\�
WKDQ�GHFLVLRQ�WUHHV��+,17�PRGHOV�UHYHDOHG�LQWHUHVWLQJ�SDWWHUQV�RI�DEVHQFH��SXSLOV�DUH�
QRW�DEVHQW�FRLQFLGHQWDOO\�RU�EHFDXVH�RI�KHDOWK�UHDVRQV��EXW�V\VWHPDWLFDOO\�DQG�UHODWHG�
WR�H[DPV�WDNLQJ�SODFH�LQ�VFKRRO��

�� 'HYHORSPHQW�RI�'HFLVLRQ�6XSSRUW�0RGHOV�

7KH� ILQDO�PXOWL�DWWULEXWH� GHFLVLRQ�PRGHOV�ZHUH� GHYHORSHG�PDQXDOO\� XVLQJ�'(;� DQG�
IROORZLQJ�WKH�WKUHH�W\SLFDO�'6�GHYHORSPHQW�VWDJHV�>�@������DFTXLVLWLRQ�RI�DWWULEXWHV������
GHYHORSPHQW�RI�WKH�KLHUDUFK\�RI�DWWULEXWHV��DQG�����GHILQLQJ�GHFLVLRQ�UXOHV��7KH�H[SHUW�
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WULHG� WR� LQFRUSRUDWH�KHU�SUHYLRXV�NQRZOHGJH�DERXW� DFDGHPLF�DFKLHYHPHQW�SUHGLFWLRQ�
DQG�VXSSOHPHQW�LW�E\�WKH�UHVXOWV�RI�WKH�'0�VWDJH��

)LUVW��D� OLVW�RI�DWWULEXWHV�ZDV�FUHDWHG�RQ�WKH�EDVLV�RI�H[SHUW�RSLQLRQ��WKH�EHVW�GHFL�
VLRQ� WUHHV� DQG� EHVW� PRGHOV� GHYHORSHG� E\� +,17�� %HVLGH� GHPRJUDSKLFDO� YDULDEOHV��
ZKLFK�UHSUHVHQW�H[WHQXDWLQJ�FLUFXPVWDQFHV�RU�GLIILFXOWLHV�LQ�UHDFKLQJ�D�KLJK�DFKLHYH�
PHQW��WKH�OLVW�PRVWO\�LQFOXGHG�GLIIHUHQW�VFKRRO�PDUNV��KRXUV�RI�DEVHQFH�DQG�GLVFLSOLQH�
sanctions, which reflect pupil’s knowledge, abilities, motivDWLRQ�DQG�RWKHU�SHUVRQDOLW\�
WUDLWV��&RQWLQXRXV�DWWULEXWHV�ZHUH�GLVFUHWL]HG�LQ�WKH�VDPH�ZD\�DV�ZLWK�+,17��

1H[W��DWWULEXWHV�ZHUH�RUJDQL]HG�LQWR�D�KLHUDUFKLFDO�VWUXFWXUH�DFFRUGLQJ�WR�WKHLU�GH�
SHQGHQFH�DQG�LQWHUDFWLRQ��LQWURGXFLQJ�QHZ�DJJUHJDWH�DWWULEXWHV��LQWHUQDO�QRGHV��ZKHQ�
HYHU�QHFHVVDU\��7KLV�WXUQHG�RXW�WR�EH�WKH�PRVW�GLIILFXOW�WDVN��VLQFH�HDFK�QHZ�DWWULEXWH�LV�
D�UHVXOW�RI�FRPSOH[�LQWHUDFWLRQ�RI�PXOWLSOH�EDVLF�DWWULEXWHV��6RPHWLPHV�LW�LV�GLIILFXOW�WR�
DFFXUDWHO\�HVWLPDWH�WKH�FRQWULEXWLRQ�RI�HDFK�VLQJOH�IDFWRU��EHFDXVH�LW�LV�FKDQJHDEOH�DQG�
PD\�GHSHQG�RQ�DQ�LQGLYLGXDO�SXSLO��

(YHQWXDOO\�� WZR� DWWULEXWH� KLHUDUFKLHV�ZHUH� GHYHORSHG� LQ� WKLV�ZD\� �)LJXUH� ����7KH�
ILUVW�RQH�XVHV�RQO\�DWWULEXWHV�WKDW�DUH�NQRZQ�EHIRUH�WKH�HQUROPHQW�LQ�KLJK�VFKRRO��7KH�
VHFRQG�KLHUDUFK\�FRQWDLQV�DQ�H[WHQGHG�VHW�RI�DWWULEXWHV�IRU�WKH�SUHGLFWLRQ�DW�WKH�HQG�RI�
ILUVW�KLJK�VFKRRO�JUDGH��%RWK�VWUXFWXUHV�DUH�PHDQW�WR�EH�JHQHUDO�LQ�WKH�VHQVH�WKDW�WKH\�
GR�QRW�DGGUHVV�DQ\�SDUWLFXODU�HGXFDWLRQDO�SURJUDP��

,Q�WKH�ILQDO�VWDJH��WKH�H[SHUW�GHILQHG�GHFLVLRQ�UXOHV��L�H���UXOHV�WKDW�GHWHUPLQH�WKH�DJ�
JUHJDWLRQ� RI� YDOXHV� IURP� WKH� OHDYHV� WRZDUGV� WKH� URRW� RI� WKH� KLHUDUFK\�� 7KH� H[SHUW�
MXGJHG�WKH�LPSRUWDQFH�RI�DWWULEXWHV�DQG�GHWHUPLQHG�WKHLU�ZHLJKWV��7KH�UHVXOWV�RI�GDWD�
PLQLQJ�ZHUH� WDNHQ� LQWR�DFFRXQW�� IRU�H[DPSOH��GXH�WR�WKHLU�LPSRUWDQW�LQIOXHQFH�WR�WKH�
ILQDO�DFKLHYHPHQW�� UHODWLYHO\�KLJK�ZHLJKWV�KDYH�EHHQ�JLYHQ� WR� VFKRRO�PDUNV�RI�0DWK�
DQG�3K\VLFV��

)LQDOO\��ZH�ILQH�WXQHG�WKH�PRGHOV�WR�WKH�UHTXLUHPHQWV�RI�D�VLQJOH�HGXFDWLRQDO�SUR�
gram “L”. Decision rules were appropriately modified; all rules in decLVLRQ� WDEOHV�
ZHUH� UHYLHZHG� LQ� GHWDLO� DQG� FKDQJHG�� LI� QHFHVVDU\��:H� FRQVLGHUHG� WKH� DFFXUDF\� RI�
XVHG�SUHGLFtors and the “rule of chain” by which one single weak link or sub�FULWHULD�LV�
HQRXJK�IRU�IDLOXUH��7KH�VWUXFWXUH�RI�PRGHO���ZDV�VLPSOLILHG�E\�H[FOXGLQJ���OHVV�UHOH�
YDQW�DWWULEXWHV��

Table 2 shows an example of decision rules for model 1 and program “L”. The 
UXOHV� SUHGLFW� SXSLOV
� ILQDO� DFDGHPLF� DFKLHYHPHQW� RQ� WKH� EDVLV� RI� WKHLU� DELOLWLHV� DQG�
SUHYLRXV� NQRZOHGJH��PRWLYDWLRQ�� DQG� FLUFXPVWDQFHV��2QO\� UXOHV� IRU� WKH� DFKLHYHPHQW�
FDWHJRULHV� �� DQG� �� DUH� VKRZQ� LQ�7DEOH� ���5XOH� ��� IRU� H[DPSOH�� VWDWHV� WKDW� LI� SXSLOV
�
DELOLWLHV� DQG� SUHYLRXV� NQRZOHGJH� DUH� LQDSSURSULDWH� DQG� WKHLU�PRWLYDWLRQ� LV� ORZHUHG��
UHJDUGOHVV�RQ�FLUFXPVWDQFHV��WKH\�ZLOO�DFKLHYH�WKH�FDWHJRU\����$FFRUGLQJ�WR�UXOH����WKH�
FDWHJRU\� �� ZLOO� EH� DFKLHYHG� LI� WKHLU� DELOLWLHV� DUH� DW� OHDVW� DSSURSULDWH�� PRWLYDWLRQ� LV�
ORZHUHG�DQG�FLUFXPVWDQFHV�DUH�QHJDWLYH��

 

7DEOH��: An example of decision rules for model 1(program “L”).�

� $ELOLWLHV�DQG�S��NQRZOHGJH� 0RWLYDWLRQ� &LUFXPVWDQFHV� )LQ��DFKLHYHPHQW�

�� ,QDSSURSULDWH� /RZHUHG� � ��

�� ,QDSSURSULDWH� � � �$SSURSULDWH� ��

�� ,QDSSURSULDWH� $SSURSULDWH� 3RVLWLYH� ��

�� ! �$SSURSULDWH� /RZHUHG� 1HJDWLYH� ��
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)LJ�����6WUXFWXUH�RI�WKH�WZR�PXOWL�DWWULEXWH�PRGHOV�

�� (YDOXDWLRQ�RI�0RGHOV�

$�����VWUDWLILHG�VDPSOH��1� �����ZDV�H[WUDFWHG�IURP�WKH�GDWDEDVH�'%��DQG�XVHG�IRU�
WKH�HYDOXDWLRQ�RI�GHYHORSHG�PRGHOV��:H�FRPSDUHG�WKH�FODVVLILFDWLRQ�DFFXUDF\�RI������
ERWK�'(;�PRGHOV������GHFLVLRQ�WUHHV�GHYHORSHG�LQ�WKH�'0�VWDJH��DQG�����WKH�FODVVLIL�
FDWLRQ�RI�WKH����FDVHV��ZKLFK�ZDV�SURYLGHG�E\�DQ�H[SHUW�FRXQVHORU��

$OO� WKH� WKUHH�JURXSV�RI�PRGHOV� DFKLHYHG�DOPRVW� WKH� VDPH�FODVVLILFDWLRQ� DFFXUDF\��
DERXW�����XVLQJ�GDWD�NQRZQ�DW�WKH�WLPH�RI�HQUROPHQW�LQ�KLJK�VFKRRO��DQG�DERXW�����
DIWHU�RQH�\HDU�RI� VWXG\��7KH�PRGHOV�DOPRVW�QHYHU�SUHGLFW� IDLOXUH� WR�UHDOO\�VXFFHVVIXO�
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SXSLOV�� ZKLOH� SXSLOV� ZLWK� EDG� SUHGLFWLRQ� XVXDOO\� UHDOO\� IDLO�� 2FFDVLRQDOO\� �L�H��� LQ�
������DQG������RI�FDVHV��UHVSHFWLYHO\��WKH�PRGHOV�ZURQJO\�SUHGLFW�VXFFHVV�WR�XQVXF�
FHVVIXO�SXSLOV��7KH\� UHFRJQL]H� W\SLFDOO\� VXFFHVVIXO� DQG� W\SLFDOO\�XQVXFFHVVIXO�SXSLOV�
UHODWLYHO\�ZHOO��:URQJ�SUHGLFWLRQV��ZKLFK�DUH�PRUH�WKDQ�RQH�FDWHJRU\�DSDUW�IURP�UHDO�
DFKLHYHPHQWV��DUH�UHODWLYHO\�UDUH��RFFXUULQJ�LQ�������DQG����RI�FDVHV��UHVSHFWLYHO\��

,Q�SDUWLFXODU�� WKH�PRGHOV�SHUIRUP�EHVW�LQ�UHFRJQL]LQJ�SXSLOV�IURP�WKH�DFKLHYHPHQW�
FDWHJRU\����DQG�ZRUVW�LQ�UHFRJQL]LQJ�SXSLOV�IURP�WKH�FDWHJRU\����7KH\�RIWHQ�LQWHUPL[�
FDVHV� IURP� WKH� FDWHJRULHV� �� DQG� ��� WKLV� GLVWLQFWLRQ� LV� LQGHHG� GLIILFXOW� EHFDXVH� ERWK�
FDWHJRULHV� FRUUHVSRQG� WR� SXSLOV� ZKR� HGXFDWH� D� ORQJ� WLPH� DQG� SURJUHVV� VORZO\�� %XW�
DOPRVW�XQWLO�WKH�HQG�ZH�FDQQRW�VD\�LI�WKH\�ZLOO�VXFFHVVIXOO\�SDVV�WKH�SURJUDP��FDWHJRU\�
���RU�IDLO��FDWHJRU\�����

,Q� VXPPDU\��ZLWK� UHJDUG� WR�D�UHODWLYHO\�VPDOO�QXPEHU�DQG� ORZ�TXDOLW\�RI�XVHG�DW�
tributes, which are not “pure” neither accurate measures of pupil’s features, the 
SUHGLFWLYH�DFFXUDF\�RI�WKH�PRGHOV�LV�VXUSULVLQJO\�KLJK��:H�PXVW�QRWLFH�WKDW�H[SHUWV�LQ�
SUDFWLFH� DOVR� WDNH� LQWR� FRQVLGHUDWLRQ� RWKHU� GDWD�� REWDLQHG� LQ� SHUVRQDO�PHHWLQJV�ZLWK�
SXSLOV�DQG�WKHLU�SDUHQWV��ZKDW�XVXDOO\�LQFUHDVHV�WKH�DFFXUDF\�RI�WKHLU�SUHGLFWLRQV��2XU�
H[SHUW�FRXQVHORU�ZDV�YHU\�H[SHULHQFHG��EXW�KLV�SUHGLFWLYH�DFFXUDF\�GRHV�QRW�WHOO�PXFK�
DERXW�DYHUDJH�SUHGLFWLRQ�DFFXUDF\�RI�VFKRRO�FRXQVHORUV��ZKLFK�GLIIHU�D�ORW�LQ�H[SHUL�
HQFH��DELOLWLHV��NQRZOHGJH��LQWXLWLRQ��DQG�PRWLYDWLRQ��$V�KLJKO\�H[SHULHQFHG�DQG�FDSD�
EOH� H[SHUWV� DUH� UDUH�� WKH� XVH� RI� SUHGLFWLYH�PRGHOV� IRU� HGXFDWLRQDO� FRXQVHOLQJ� VHHPV�
PHDQLQJIXO��,W�PD\�DOVR�SURYLGH�D�VWHS�WRZDUG�PRUH�FRQVLVWHQW��REMHFWLYH�DQG�V\VWHP�
DWLF�HVWLPDWLRQ��HYLGHQFH�DQG�HYDOXDWLRQ�RI�SUHGLFWLRQV��

)RU�IXUWKHU�ZRUN��LW�LV�LQWHUHVWLQJ�WR�FRPSDUH�'0�DQG�'6�PRGHOV�GHYHORSHG�LQ�WKLV�
VWXG\�DQG�QRWLFH�DQ�LPSRUWDQW�GLIIHUHQFH�LQ�WKH�WUHDWPHQW�RI�SUHIHUHQFH�RUGHUHG�DWWULE�
XWHV��ZKLOH�'6�PRGHOV�GR�WDNH�LQWR�DFFRXQW�WKH�RUGHULQJ�LQIRUPDWLRQ��'0�RQHV�GR�QRW��
)RU�H[DPSOH��WKH�DFKLHYHPHQW�FDWHJRULHV�WKHPVHOYHV�DUH�SUHIHUHQFH�RUGHUHG��EHFDXVH�
���JUDGXDWHV�DV�$�RU�%��LV�EHWWHU�WKDQ����JUDGXDWHV�DV�&�RU�'���ZKLFK�LV�EHWWHU�WKDQ����
HWF��7KH�UXOH�DFTXLVLWLRQ�PHFKDQLVP�RI�'(;�HQVXUHV�WKHLU�FRQVLVWHQF\��VR�WKDW�LI�RE�
MHFW�[� LV� EHWWHU� WKDQ�RU� HTXDO� WR�\� RQ�DOO�FRQVLGHUHG�SUHIHUHQWLDOO\�RUGHUHG�DWWULEXWHV��
WKHQ�[�LV�QRW�DVVLJQHG�D�ZRUVH�FODVV�WKDQ�\��1HLWKHU�GHFLVLRQ�WUHHV�QRU�+,17�FDQ�HQVXUH�
WKLV�NLQG�RI�FRQVLVWHQF\��,Q�IXUWKHU�LQWHJUDWLRQ�RI�'0�DQG�'6��LW�LV�WKXV�LPSRUWDQW�WR�
LQFOXGH� '0�PHWKRGV� WKDW� FDQ� GHDO� ZLWK� SUHIHUHQFH�RUGHUHG� DWWULEXWHV�� IRU� H[DPSOH�
PHWKRGV�EDVHG�RQ�URXJK�VHWV�>��@��

�� &RQFOXVLRQ�

8VLQJ�D� FRPELQDWLRQ�RI�GDWD�PLQLQJ�DQG�GHFLVLRQ�VXSSRUW� WHFKQLTXHV��ZH�GHYHORSHG�
DQG�HYDOXDWHG�PXOWL�DWWULEXWH�PRGHOV�IRU�WKH�SUHGLFWLRQ�RI�ILQDO�DFDGHPLF�DFKLHYHPHQW�
LQ� KLJK� VFKRROV�� 7KHLU� SUHGLFWLYH� DFFXUDF\� LV� FORVH–DOWKRXJK� LQ� SUDFWLFH� SUREDEO\�
ORZHU�WKDQ–WKH�DFFXUDF\�RI�DQ�H[SHULHQFHG�KXPDQ�H[SHUW��EXW�PD\�EH�EHWWHU�WKDQ�WKH�
DFFXUDF\�RI�DQ�LQH[SHULHQFHG�H[SHUW��7KXV��ZH�EHOLHYH�WKDW�DW�WKLV�VWDJH�WKH�PRGHOV�DUH�
DSSURSULDWH�IRU�H[SHULPHQWDO�XVH�E\�VFKRRO�FRXQVHORUV��EXW�QRW�\HW�E\�SXSLOV�DQG�WKHLU�
SDUHQWV��:H�DOVR�EHOLHYH�WKDW�WKHLU�DSSOLFDWLRQ�ZRXOG�LQFUHDVH�WKH�DFFXUDF\�RI�SUHGLF�
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WLRQV�DQG�TXDOLW\�RI�HGXFDWLRQDO�FRXQVHOLQJ��KHOSLQJ�WR�SUHYHQW�LQDSSURSULDWH�FKRLFHV�
RI�VFKRRO�DQG�LPSURYH�DFDGHPLF�DFKLHYHPHQWV���

%RWK�'(;�PRGHOV�KDYH�D�QXPEHU�RI� VWURQJ�SRLQWV��7KH\�ZRUN�ZLWK�GDWD� WKDW�DUH�
SUDFWLFDOO\�DOZD\V�DYDLODEOH�RU�HDV\�WR�JHW��7KH\�IDFLOLWDWH�D�FRQVLVWHQW�DQG�V\VWHPDWL�
FDO�SUHGLFWLRQ�DQG�HYDOXDWLRQ�RI�HVWLPDWHV��5H�HVWLPDWLRQ�DW�WKH�HQG�RI�ILUVW�KLJK�VFKRRO�
JUDGH� LQFUHDVHV� WKH� UHOLDELOLW\� RI� SUHGLFWLRQ��7KH� XVH�RI�PRGHOV�ZRXOG�SUREDEO\� LP�
prove pupils’ and parents’ trust in estimates and consequently contribute to more VHUL�
RXV�VHOHFWLRQ�RI�VFKRROV�DQG�HGXFDWLRQDO�SURJUDPV��

2Q� WKH�ZHDN� VLGH�� WKH�PRGHOV� RFFDVLRQDOO\�ZURQJO\� SUHGLFW� JRRG�DFKLHYHPHQW� WR�
SXSLOV�ZKR�ZLOO�UHDOO\�IDLO��%\�WKDW�WKH\�HQFRXUDJH�WKHP�WR�SHUVLVW�LQ�VFKRRO�WKDW�LV�WRR�
GHPDQGLQJ�IRU�WKHP��$OVR��WKH�PRGHOV�KDYH�QRW�EHHQ�YDOLGDWHG�RQ�GDWD�RWKHU�WKDQ�WKDW�
XVHG�LQ�WKH�DQDO\VLV��VR�WKHLU�JHQHUDO�SUHGLFWLRQ�DFFXUDF\�LQ�SUDFWLFH�LV�XQNQRZQ��EXW�LW�
LV�SUREDEO\�ORZHU�WKDQ�HVWDEOLVKHG��7KH�SUHGLFWLYH�DFFXUDF\�RI�PRGHOV�FDQ�HDVLO\�GH�
JUDGH�GXH�WR�FKDQJHV�RI�VFKRRO�V\VWHP�DQG�JHQHUDWLRQDO�FKDQJHV�RI�SXSLOV��7KXV��WKH�
PRGHOV�VKRXOG�EH�DGDSWHG�DQG�YDOLGDWHG�SHUSHWXDOO\��

0HWKRGRORJLFDOO\��WKH�PRGHOV�ZHUH�GHYHORSHG�E\�D�FRPELQDWLRQ�RI�GDWD�PLQLQJ�DQG�
GHFLVLRQ� VXSSRUW� WHFKQLTXHV�� )URP� WKH� YLHZSRLQW� RI� '6�PRGHOLQJ��ZKLFK� LV� XVXDOO\�
FDUULHG�RXW�ZLWKRXW�H[WHQVLYH�GDWD�DQDO\VLV�DQG�UHOLHV�PDLQO\�RQ�H[SHUW�NQRZOHGJH��WKH�
SUHFHGLQJ�'0�VWDJH�EURXJKW�FRQVLGHUDEOH�EHQHILWV��$OWKRXJK�GLIILFXOW�WR�TXDQWLI\��LW�LV�
FOHDU�WKDW�WKH�'0�VWDJH�KHOSHG�WKH�H[SHUW�WR�EHWWHU�XQGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�WKH�
SRSXODWLRQ� DQG� WR� GLVFRYHU� VRPH� LPSRUWDQW� UXOHV� DQG� SDWWHUQV� WKDW� DIIHFW� DFDGHPLF�
DFKLHYHPHQW��,Q�SDUWLFXODU��LPSRUWDQW�FRQWULEXWLRQV�RI�'0�WR�'6�ZHUH�WKH�IROORZLQJ��

�
• 0DFKLQH� OHDUQLQJ� RI� GHFLVLRQ� WUHHV� �VHFWLRQ� ����� SURYLGHG� HYLGHQFH� RI� ZKDW� ZDV�

DFKLHYDEOH�ZLWK�WKH�DYDLODEOH�DWWULEXWHV�DQG�GDWD��DQG�HVWDEOLVKHG�WKH�WDUJHW�FODVVLIL�
FDWLRQ�DFFXUDFLHV�WR�EH�DFKLHYHG�E\�'6�PRGHOV�XQGHU�YDULRXV�FRQGLWLRQV��

• $W�WKH�LQWHUVHFWLRQ�RI�'0�DQG�'6��ZH�XVHG�+,17�WR�GHYHORS�SDUWV�RI�'6�PRGHOV�
IURP�GDWD��Vection 3.5). Although HINT’s models themselves exhibited poor classL�
ILFDWLRQ� DFFXUDF\�� VRPH� GHYHORSHG� VXEWUHHV� WXUQHG� RXW� H[WUHPHO\� XVHIXO� DQG� UH�
vealed important patterns, such as the “rule of chain”. Some concepts diVFRYHUHG�
E\�+,17�ZHUH� XVHG� DOPRVW� XQFKDQJHG� LQ� WKH� ILQDO�PRGHO��7KXV��+,17�KDV� EHHQ�
SDUWLFXODUO\�XVHIXO�DV�D�NQRZOHGJH�H[SORUDWLRQ�DQG�IHDWXUH�GLVFRYHU\�WRRO��

• $IWHU�WKH�'6�PRGHOV�KDYH�EHHQ�GHYHORSHG��WKH�DYDLODEOH�'0�GDWDEDVH�IDFLOLWDWHG�D�
UHODWLYHO\�HDV\�HYDOXDWLRQ�RI�WKH�TXDOLW\�RI�'6�PRGHOV��VHFWLRQ�����ZKLFK�LV�XVXDOO\�
YHU\�GLIILFXOW�DQG�WKXV�WRR�RIWHQ�RPLWWHG�IURP�'6�PRGHOLQJ��

�
)URP� WKH�'0�YLHZSRLQW�� WKH�EHQHILWV�RI�FRPELQLQJ� LW�ZLWK�'6� LQ� WKLV�SURMHFW�DUH�

VRPHZKDW�OHVV�FOHDU��8VLQJ�RQO\�'0��ZH�ZRXOG�VWLOO�REWDLQ�D�QXPEHU�RI�PRGHOV��GHFL�
VLRQ�WUHHV��RI�VXIILFLHQW�FODVVLILFDWLRQ�DFFXUDF\��%ULQJLQJ�LQ�WKH�H[SHUW�DQG�GHYHORSLQJ�
D�'6�PRGHO� FOHDUO\� GLG� QRW� LPSURYH� WKH� DFFXUDF\� LQ� WKLV� FDVH��:KDW�ZH� GLG� REWDLQ�
XVLQJ�'6��KRZHYHU�� LV�D�JHQHUDO�KLHUDUFK\�RI�DWWULEXWHV� �)LJXUH���� WKDW�FDQ�EH�HDVLO\�
DGDSWHG�WR�YDULRXV�HGXFDWLRQDO�SURJUDPV�DQG�XVHG�IRU�W\SLFDO�'6�WDVNV��VXFK�DV�ZKDW�LI�
DQG�VHQVLWLYLW\�DQDO\VLV��DQG�JHQHUDWLRQ�RI�DOWHUQDWLYHV��3UREDEO\�LWV�JUHDWHVW�DGYDQWDJH�
LV� WKDW� LW� FDQ�EH� UHODWLYHO\�HDVLO\�H[WHQGHG� IXUWKHU�XVLQJ�'6� WRROV�VXFK�DV�'(;��7KH�
H[WHQVLRQ� FDQ� LQWURGXFH� QHZ� DWWULEXWHV� WKDW� KDYH� QRW� EHHQ� DYDLODEOH� LQ� WKH� FXUUHQW�
GDWDEDVH��EXW�DUH�DFKLHYDEOH�E\�FRXQVHORUV�LQ�VFKRROV�DQG�PD\�SRWHQWLDOO\�FRQWULEXWH�
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WR�WKH�SUHGLFWLRQ�RI�DFDGHPLF�DFKLHYHPHQW��IRU�H[DPSOH�PHDVXUHV�RI�GLIIHUHQW�LQWHOOHF�
WXDO�DELOLWLHV��LQWHUHVWV��PRWLYDWLRQ�DQG�SHUVRQDOLW\�WUDLWV�RI�SXSLO��6XFK�DQ�H[WHQVLRQ�RI�
RXU�PRGHOV�UHPDLQV�D�FKDOOHQJH�IRU�WKH�IXWXUH��

$FNQRZOHGJPHQW�

7KH�ZRUN�UHSRUWHG�KHUH�ZDV�LQ�SDUW�VXSSRUWHG�E\�WKH�6ORYHQLDQ�0LQLVWU\�RI�(GXFDWLRQ��
6FLHQFH�DQG�6SRUW��DQG�E\�WKH�(8�SURMHFW�6RO(X1HW��,67��������
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