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1 ÛÊê
ü½Î¨À�� ý¤�õ� Û�Ü½� �� üþ��ª�

�õÀÖõ 1.1ü¨¤Â� ��Þãõ .À�ª��üõ üÎ¡ ý�û�Úó� Û�Ü½� ø �þ�¹� ¤¢ �ûñÀõ ßþÂ�¢Â�¤�îÂ� ¥� ü÷��¨Âð¤ ý�ûñÀõüÔ�î ø üÞî ��Àû�Èõ ¥� ÓÜµ¿õ ��±�îÂ� �¤�¬ �� �î �µÆ��ø ø ÛÖµÆõ ý�ûÂ�çµõ ß�� Í��ø ¤ ý¤�õ�ý�û­Âê ¥� üØþ .¢Â�ðüõ �¤�¬ Å÷�þ¤��î Û�Ü½� ø Å÷�þ¤�ø Û�Ü½� ,ö��¨Âð¤ °ó�ì ¤¢ À�ª��ý�Â� ­Âê ßþ� ��ìø� üû�ð .´¨� ��Àû�Èõ ß�� ý¤�õ� ñ�Öµ¨� �ûñÀõ �÷�Ú�þ� ¢Â�¤�î ¤¢ ü¨�¨�ñ�Øª� ý�¤�¢ ü÷��¨Âð¤ ��¨Âõ ý�ûñÀõ ýÂ�ð¤�Ø� �¹�µ÷ ¤¢ ø Àª��üÞ÷ ë¢�¬ �ãó�Îõ ¢¤�õ á�®�õß�� üÚµÆ±Þû­Âê ßµêÂð ùÀþ¢�÷ �î À÷¢�¢ ö�È÷ (2000) Åµ�� ø �þÂú��� ñ�·õ ö���ã� .¢�� Àû��¡.¢�ªüõ ü÷��¨Âð¤ °þ�Â® ý�ûÂð¢¤ø�Â� ¤��ãõ ý�Î¡ ý¢¤ø�Â�Ýî �� Â¹�õ ��Àû�Èõü¨��ª �ãõ�� ,üØª�� ��Üä ,üä�Þµ�� ��Üä Ûõ�ª ý¢Â�¤�î ��Üä ù¥�� ¤¢ ý¤�ÞÈ�� ý�ûñ�·õñ�·õ ö���ä�� .À�û¢üõ ö�È÷ ¼®�ø ¤�Î� �¤ ��Àû�Èõ ß�� üÚµÆ±Þû ´ã�±Ï �î À÷¤�¢ ¢��ø ... ø�î ´¨� ¼®�ø ,À÷�ùÀª ��¿µ÷� üê¢�Ê� ¤�Î� �î §¤�Àõ ý¢�Àã� ¥� ö�¥�õ�Ç÷�¢ ��ÂÞ÷ ü¨¤Â� ¤¢1



2 ü½Î¨À�� ý¤�õ� Û�Ü½� �� üþ��ª� .1 ÛÊê¢��ø À�µÆû «�¡ �¨¤Àõ ×þ ¥� �î ü÷�¥�õ�Ç÷�¢ ¥� �µ¨¢ ö� ��ÂÞ÷ ß�� ý¢�þ¥ ü±Æ÷ ´û�±ª´÷�Ø¨ Âúª ¥� üÔÜµ¿õ ü���÷ ¤¢ �î ,¢�Âê� Àõ�¤¢ ß�� �Î��¤ �ãó�Îõ ¤¢ .(1995 ,ß�µ¨�ÀÜð)¢¤�¢ù�ðÀþ¢ á�÷ �î ´ª�¢ ö�ä£� Àþ�� ,üä�Þµ�� ü��õÀ¡ ÝµÆ�¨ ×þ ¥� �ú÷� ýÀ�õ´þ�®¤ ö���õ ø À÷¤�¢.¢¤�¢ ´û�±ª ÂÚþÀÞû �� ý¢øÀ� �� «�¡ �ÖÎ�õ ¤¢ ßî�¨ ¢�Âê�ßþ� ¥� �µ±ó� .´¨� ü½Î¨À�� ñÀõ , ë�ê ñ�·õ ø¢ À�÷�õ üþ�ûù¢�¢ Û�Ü½� ý�Â� °¨��õ ñÀõ�� ö���üõ �ÜÞ� ö� ¥� .¢�ªüõ ù¢Â� ��÷ ý¤�õ� °µî ø ���Öõ ¤¢ ��÷ ýÂÚþ¢ ñ¢�ãõ ý�û��÷ �� ñÀõý�ûñÀõ ,üÜ÷�� ý�ûñÀõ ,( 2007 ,Û�û ø ßÞÜð) üê¢�Ê� ý�ûÂ�� ý�ûñÀõ ,ü±��Âõ �ÜÆÜ¨ ý�ûñÀõ.¢Âî ù¤�ª� ý��ª�¡ ý�ûñÀõ ø ý��÷��ª�ý�Â � �¤ ü ±¨� � õ ý�û©ø¤ ø Ý � û� Ô õ � î À ÷¢� � ü ÷�Æ î ß � óø� (1983) ö�¤� ØÞû ø ö�¨� õñÀõ (1986) ß�µ¨�ÀÜð ø (1992) ©��ö¢�¤ ø ×þÂ� .¢�¢ ©ÂµÆð ü½Î¨À�� ý�ûù¢�¢ Û�Ü½�ö�¨�õ ø Ù÷�ø ø (1984) ö�¤�ØÞû ø üÜ��Â�µ¨� .À÷¢Âî �ÂÎõ üÎ¡ ý�ûù¢�¢ ý�Â� �¤ ü½Î¨À��Àª�� ´�Öê�õ �þ ´ÆØª �¤�¬ �� �ú÷� �¹�µ÷ �î üþ�ûù¢�¢ ¢¤�õ ¤¢ �¤ ü½Î¨À�� Û�Ü½� (1985).À÷¢Â� ¤�Ø�¤¢ .À÷�ªüõ ¢¤ø�Â� ý��� ø ýÀõ�Æ� ý�û©ø¤ ¥� ù¢�Ôµ¨� � � ü½Î¨À�� ñÀõ ý�ûÂµõ�¤� �(ML)1üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ø �ø¢ ý�ûö��� ßþÂµÞî ý�û©ø¤ ¥� ù¢�Ôµ¨� �� �ûÂµõ�¤�� ýÀõ�Æ� ���¤��ü½Î¨À�� ñÀõ ý�ûÂ µ õ�¤� � ¢¤ø�Â � ¤¢ ü± þ� ã õ ý�¤�¢ ©ø¤ ø¢ ß þ� ¥� ×þ Âû .À ÷�ªüõ ¢¤ø�Â �ßþÂµÞî ©ø¤ Ý�Þã� .¢�ªüõ ù¢�Ôµ¨� �ûö� Ý�Þã� ¥� �û©ø¤ ßþ� ��ØÈõ âê¤ ´ú� .À�ª��üõø (1995 ,ß�µ¨�ÀÜð)(IGLS) 2üµÈð¥�� �µê� þ Ý�Þã� �ø¢ ý�ûö��� ßþÂµÞî Ûõ�ª �ø¢ ý�ûö���Maximum Likelihood1Iterative Generalized Least Squares 2



3 ü½Î¨À�� ý¤�õ� Û�Ü½� �� üþ��ª� .1 ÛÊê(1996 ,Ç±¨¤ ø ß�µ¨�ÀÜð)(RIGLS) 3ùÀª ¢øÀ½õ üµÈð¥�� �µê�þ Ý�Þã� �ø¢ ý�ûö��� ßþÂµÞîý¢¤ø�Â�Ýî ÛØÈõ ý�¤�¢ ü½Î¨À�� ñÀõ ý�ûÂµõ�¤�� ¢¤ø�Â� ¤¢ üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ©ø¤ .Àª��üõ,Åµ�� ø �þÂú���)(REML) 4ùÀª ¢øÀ½õ üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ©ø¤ ÛØÈõ ßþ� âê¤ ´ú� �Áó ù¢��´ú� ��÷ (SML)5ùÀª ý¥�¨��±ª üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ©ø¤ .´¨� �µêÂð ¤�Âì ù¢�Ôµ¨� ¢¤�õ (2000.¢ø¤üõ ¤�Ø� ��� ¢�ã�� �� üþ�ûüþ�Þ�µ¨¤¢ °þÂÖ�.´¨� �µêÂð ¤�Âì ���� ¢¤�õ ¤��Æ� �� ÷ ü½Î¨À�� ý�ûñÀõ ¤¢ �ûÂµõ�¤� � ý�� � ý�û¢¤ø�Â�ß�ÖÖ½õ ö� ¥� Å� .´êÂð �¤�¬ (2006) öø�Â� ø Â³þ�¤¢ Í¨�� ���õ¥ ßþ� ¤¢ ��Ö�Ö½� ß�µÆ¿÷�ûÂµõ�¤�� ¢¤ø�Â� ¤¢ (MCMC)6üê�î¤�õ Â�¹÷¥ ý�ó¤�î ´÷�õ ¤�ÀêÂÏÂ� ý�û©ø¤ ¢�±ú� ¤¢ ý¤�ÞÈ��¥� üª�÷ ��±¨�½õ ý��� Ý¹� ,MCMC ùÄþ�� ý��� ý�û©ø¤ ¤¢ Ûõ�� Û��ì �µØ÷ .À÷¢�Þ÷ Õ�Ö½�ý�ûÂµõ�¤�� ùÄþ�� ,�ûÂµõ�¤�� ¢�þ¥ üÚµÆ±Þû ùø�ã� .´¨� ñÀõ Å÷�þ¤��î-Å÷�þ¤�ø ÅþÂ��õ ö¢�� ï¤��ýÂµõ�¤�� À�÷�õ üªø¤ .¢�ªüõ üþ�ÂÚÞû ¤¢ ü��ØÈõ ¶ä�� âì��õ üÌã� ¤¢ ,üê¢�Ê� ø ´��� ��Â��(SMCMC)8üê�î¤�õ Â�¹÷¥ ý�ó¤�î ´÷�õ ý¤�µ¡�¨ ©ø¤ ø (1995 ,ö�¤�ØÞû ø À�ÔÜð) 7ö¢Âî.Àª ¢�ú�È�� ÛØÈõ ßþ� âê¤ ý�Â� ( 2000 ,ö�¤�ØÞû ø ´��Â¨)Û�Ü½� ¥� üÞ�Þã� üÎ¡ ü½Î¨À�� Û�Ü½� �î ´¨� ßþ� üÏ�±�µ¨� ÂÑ÷ �ÎÖ÷ ¥� Ýúõ �ÜÿÆõ´ó�� ¤¢ ©ÂÒ��µõ ñÀõ ö���üõ ü½Î¨À�� Û�Ü½� ÂµÈ�� Ýúê ý�Â� ßþ�Â���� .Àª��üõ üÎ¡ ö��¨Âð¤ü½Î¨À�� ý¤�õ� ý�ûñÀõ ¥� ù¢�Ôµ¨� ù��Ú÷� �Àµ�� ÛÊê ßþ� ¤¢ .´êÂð ÂÑ÷ ¤¢ �¤ üÎ¡ ö��¨Âð¤Restri
ted Iterative Generalized Least Squares 3Restri
ted Maximum Likelihood 4Simulated Maximum Likelihood5Markov Chain Monte Carlo6Reparametrization7Stru
tured Markov Chain Monte Carlo8



4 ü½Î¨À�� ý¤�õ� Û�Ü½� �� üþ��ª� .1 ÛÊêý�ûñÀõ ¥� ý¢�Àã� ü¨¤Â� Å³¨ ø ùÀª �ÂÎõ ü½Î¨À�� ñÀõ ý¤�õ� Û�Ü½� ý��þ� � Ý�û�Ôõ ø¤øÂõ ü½Î¨À�� ý¤�õ� ý�ûñÀõ Ý�Þã� ø ý¤�õ� ý�ûñÀõ �Æþ�Öõ ý�û©ø¤ ,ü½Î¨À�� ý¤�õ�,RIGLS ,IGLS,�ø¢ ý�ûö��� ßþÂµÞî ý�û©ø¤ ýÀõ�Æ� ý�û©ø¤ ß�� ¥� �ø¢ ÛÊê ¤¢ .À÷�ªüõý�ûñÀõ ¤¢ MCMC Ýµþ¤�Úó� ��¨ ÛÊê ¤¢ .À÷Â�ðüõ ¤�Âì ü¨¤Â� ¢¤�õ SML ø REML ,ML�¤�ú� ÛÊê ¤¢ .Àª Àû��¡ ü¨¤Â� ü½Î¨À�� ý�ûñÀõ ¤¢ MCMC Ýµþ¤�Úó� ¢�±ú� ø ü½Î¨À��Û�û)9ý¥�¨Àõ�ãµõ ý�û©ø¤ ü½Î¨À�� ý�ûñÀõ ¤¢ �ûÂµõ�¤�� ¢¤ø�Â� ý��� ý�û©ø¤ ¢�±ú� ´ú��ÜÆÜ¨ ö¢Âî ý�îÂõ ý�û©ø¤ ,(2008 ,ö�¤�ØÞû ø ßÞÜð)10Â µ õ�¤� � ÍÆ� ,(1992 ,´�Þ¨� ø×þ Âû �õ� .´¨� ùÀª ���¤� Óî¤�õ Â�¹÷¥ ý�ó¤�î ´÷�õ ý¤�µ¡�¨ ø (1999 ,�ª ø À�ÔÜð)11ü±��Âõù¢�Ôµ¨� �õ�÷ö�þ�� ßþ� ¤¢ ��ØÈõ ßþ� âê¤ ¤�Ñ�Þ� ø À�ª��üõ ü��ØÈõ ý�¤�¢ ¤�îÁõ ý�û©ø¤ ¥�ÅþÂ �� õ 12üØÆó�� � þ�¹� ø ý¤� µ¡�¨ ñÀõ Å÷� þ¤�� î-Å÷� þ¤�ø ÅþÂ �� õ üØÆó�� � þ�¹� ¥�ý�û©ø¤ ý¥�¨��±ª �Ü�¨ø�� Ý¹�� ÛÊê ¤¢ �µþ�ú÷ .¢�ªüõ ¢�ú�È�� ��óø� ñÀõ Å÷�þ¤��î-Å÷�þ¤�ø.¢Â�ðüõ ¤�Âì �Æþ�Öõ ¢¤�õ Û±ì ý�ûÛÊê ¤¢ ùÀª ���¤�
ü½Î¨À�� ý¤�õ� Û�Ü½� ¥� ù¢�Ôµ¨� ù��Ú÷� 2.1ùÂ�çµõ ×þ üÎ¡ ö��¨Âð¤ ù¢�¨ �ÜÿÆõ ö� ¢Â�¤�î ø ü½Î¨À�� Û�Ü½� ��úÔõ �� ÂµÈ�� üþ��ª� ¤�Ñ�õ��¾¨�� Â�çµõ ×þ ýø¤ Â� ÛÖµÆõ Â�çµõ ×þ Â���� ü¨¤Â� Õ�Ö½� éÀû À��î ­Âê .ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤�ú÷� ß¨ ø ö�¤�Þ�� ö�¡ ñøÂµÆÜî ß�� ý�Î��¤ ü¨¤Â� ü� ¤¢ üÖÖ½õ À��î ­ÂêÉ¿Èõ ¤�Î� .Àª��Orthogonalization9Parameter Expantion10Hierar
hi
al-Centering 11Cholesky de
omposition12



5 ü½Î¨À�� ý¤�õ� Û�Ü½� �� üþ��ª� .1 ÛÊê�¤�¬ �� üÎ¡ ö��¨Âð¤ ¥� ö���üõ �Î��¤ ßþ� Ó�¬�� ´ú� .Àª��yi = �0 + xi�1 + �i; i = 1; :::; n (1.2.1)ý�ûÂ µ õ�¤� � �1 ø �0 ,ö�¤� Þ � � ö�¡ ñøÂ µÆ Ü î ö�� � õ ÂÚ ÷� � � (� µÆ ��ø Â � ç µ õ ) yi �î ¢�Þ ÷ ù¢� Ô µ¨�ý�Î¡) ü ê¢�Ê � ý�Î¡ �i ø ö�¤� Þ � � ß¨ ùÀ � û¢ ö�È ÷ (Û Ö µ Æ õ Â � ç µ õ) xi ,ü ÷� � ¨Â ð¤ ´ �� �ý�Â� ùø�ã� ´¨� �2e ´±·õ Å÷�þ¤�ø ø ÂÔ¬ ß�Ú÷��õ �� ñ�õÂ÷ âþ¥�� ý�¤�¢ �î ù¢�� ñÀõ (ýÂ�ðù¥�À÷�.
ov(�i; �j) = 0; i 6= j¤¢ ¤�Þ�� ö�¡ ñøÂµÆÜî ö���õ Â� ´�Æ�� Â�çµõ Â���� ü¨¤Â� Õ�Ö½� éÀû À��î ­Âê ö��î�ö¢�¢ ¤�Âì �� Àþ�� �Áó ´¨� üÞ¨� Â�çµõ ×þ ´�Æ�� Â�çµõ �î �¹÷� ¥� .Àª�� ß¨ ÛÖµÆõ Â�çµõ ¤�Ì��� °��Â� �� ¢Âõ ø ö¥ ´�Æ�� À��î ­Âê .¢�Þ÷ ÛþÀ±� üÞî Â�çµõ ×þ �� �¤ ö� °¨��õ ý�û°Æ�Â�Âþ¥ �¤�¬�� (1.2.1) �Î��¤ ´�Æ�� Â�çµõ ¢ø¤ø �� ù�ðö� .¢�ª ù¢�¢ Çþ�Þ÷ ÂÔ¬ ø ×þ ý�û°Æ�Â�:Àª Àû��¡ ù¢�¢ Ý�Þã�yi = �0 + xi�1 + x2i�2 + �i; i = 1; :::; n (2.2.1)ø ö�¢Âõ ý�Â� �À±õ ¥� ­Âä ,´�Æ�� ,ö�¤�Þ�� ß¨ ÛÖµÆõ Â�çµõ °��Â� �� �0 + �2 ø �0 ,x2i ,xi �î¥� ­Âä ¢�ªüõ ñÀõ ¢¤�ø ´�Æ�� Â�çµõ �îüõ�Ú�û ßþ�Â���� .À�û¢üõ ö�È÷ �¤ ö�÷¥ ý�Â� �À±õ¥� ­Âä.¢�� Àû��¡ �ø�Ôµõ ö�¢Âõ ø ö�÷¥ ý�Â� ö��¨Âð¤ Í¡ �À±õ��÷ ö�¤�Þ�� ¸ó�ãõ ×ª�� Â���� ü¨¤Â� �� À�Þì�ä ß¨ ÛÖµÆõ Â�çµõ ¤�Ì� ¤¢ À��î ­Âê ñ��×ª�� �� ��÷ ÂÚþ¢ üûøÂð ø ù¢�� ü¬�¡ ×ª�� ÂÑ÷ ´½� ö�¤�Þ�� ¥� üûøÂð �î ´¨� ¼®�ø .À�ª���� ö� ¢ø¤ø ý�Â� �Áó ø Àª��üõ üÞ¨� ýÂ�çµõ ��÷ ×ª�� ��÷ �î ¢�ª ���� .À�ª��üõ ¯�±�¤� ¤¢ ýÂÚþ¢



6 ü½Î¨À�� ý¤�õ� Û�Ü½� �� üþ��ª� .1 ÛÊê13ý¥�¹õ ý�ûÂ�çµõ ¥� Àþ�� ÂÚþ¢ �¤�±ã� .¢�ª ù¢�Ôµ¨� ýÀþÀ� ýÀ��Àî ¥� ´¨� �¥� ü÷��¨Âð¤ ñÀõ¢¤�õ ö�Øª�� ¢�Àã� ¥� ÂµÞî ¢Àä ×þ ý¥�¹õ ý�ûÂ�çµõ ¢�Àã� ñ�·õ ßþ� ý�Â� �î Ý�÷�¢üõ .¢�Þ÷ ù¢�Ôµ¨�ü÷��¨Âð¤ ñÀõ ù�ðö� Àª�� ��i ×ª�� (Àî) °Æ�Â�mdi ø ö�Øª�� ¢�Àã� m Âð� �Áó .Àª��üõ �ãó�Îõ:¢Âî Àû��¡ Â��ç� Âþ¥ �¤�¬�� ù¢�¨ üÎ¡yi = �0 + xi�1 +md1�2 + : : :+mdm�1�m + �i; i = 1; :::; n (3.2.1)�·õ ¢�þ¥ üÜ�¡ �ãó�Îõ ¢¤�õ ö�Øª�� ¢�Àã� Âð� �î ¢¥ §À� ö���üõ (3.2.1) ü÷��¨Âð¤ �Î��¤ §�¨�Â�Â�ù¢�¨ ý�ûñÀõ ¤�õ� ¤¢ �î �¹÷� ¥� .´ê�þ À�û��¡ Çþ��ê� ý¥�¹õ ý�ûÂ�çµõ ¢�Àã� ù�ðö� Àª�� 100¥� üÖþÂÏ�� Àþ�� ¢¤��õ �÷�ðßþ� ¤¢ À÷�ªüõ ù¢�¢ ¼��Â� üê�®� ý�ûÂµõ�¤�� �� Â�ùÀ�»�� ý�ûñÀõ ��¤�µ¡�¨ ¢¤�õ ¤¢ ÂÚþ¢ �µØ÷ .(1983 ,ßõ¤�þ�ø ø Âµ÷) ¢Âî ýÂ�ð�Ü� ý¥�¹õ ý�ûÂ�çµõ ¢¤�õü� Çþ��ê�Ûõ�ª �ÂÏ ÅþÂ��õ ý¥�¹õ ý�ûÂ�çµõ Çþ��ê� �� �î ¢Âî ü���Ç�� ö���üõ .Àª�� üõ �ÂÏ ÅþÂ��õ¢��ø �ú÷� ß�� üÎ¡Ýû ¥øÂ� ö�Øõ� �îý¤�Î� Àª Àû��¡ (¼�½¬)üã�±Ï ¢�Àä� ¥� ý¢�þ¥ �ä�Þ¹õ,ö�¤�ØÞû ø ×þÂ���) ¢�� À�û��¿÷ ¢�Þµä� Û��ì ñÀõ ý�ûÂµõ�¤�� ¢¤ø�Â� �¤�¬ö� ¤¢ .´ª�¢ Àû��¡¶ä�� ¢¤�¢ ý¥�¹õ ý�ûÂ�çµõ ý¢�þ¥ ¢�Àã� �î üóÀõ ¤¢ °þ�Â® �Þû ¢¤ø�Â� ßþ� Â� �ê�®� .(2006.(2007 ,Û�û ø ßÞÜð) Àª Àû��¡ ñÀõ üþ�¤�î Çû�î×ª�� Â���� ü¨¤Â� Õ�Ö½� üÜ¬� éÀû ��Þãõ �î ´¨� ßþ� ë�ê ýÀ��ñÀõ ¤¢ Ûõ�� Û��ì �µØ÷ýø¤ Â� ö�Øª�� �ãõ�� Â���� �Àä �þ Â���� ÓÈî éÀû �ØÜ� ´Æ�÷ ¤�Þ�� ö�¡ ñøÂµÆÜî ýø¤ «�¡ö���üõ °¨��õ ñÀõ ×þ ü�þ�Úþ�� ø ë�ê ��ØÈõ âê¤ ´ú� .Àª��üõ ö�¤�Þ�� ö�¡ ñøÂµÆÜîüª�÷ üê¢�Ê� ý�Î¡ �¤�¬ßþ� ¤¢ .´êÂð ÂÑ÷ ¤¢ ö�Øª�� �ãõ�� ¥� ý��÷�Þ÷ �¤ �ãó�Îõ ¢¤�õ ö�Øª���ú�� �ûÂµõ�¤�� ¢�þ¥ ¢�Àã� ¢¤ø�Â� ý���� ø ¢�ªüõ ñÀõ ¢¤�ø üê¢�Ê� Â�çµõ ö���ä �� ×ª�� ��¿µ÷� ¥�Dummy variables13



7 ü½Î¨À�� ý¤�õ� Û�Ü½� �� üþ��ª� .1 ÛÊêø i = 1; :::; nj Ǒ�¥��� (3.2.1) ñÀõ ¤�Ñ�õ ßþ� �� .¢�ª ¢¤ø�Â� üê¢�Ê� Â�çµõ ßþ� Å÷�þ¤�ø ´Æ�ê�î�¤�Ê� j = 1; :::;myij = �0 + uj + xij�1 + �ij (4.2.1)�Î¡ ßþ� .´¨� ö�Øª�� �ãõ�� ¥� ýÂ�ð�÷�Þ÷ À�þ�Âê ¥� üª�÷ üê¢�Ê� ý�Î¡ uj �î ¢Âî Àû��¡ Â��ç��� ñ�õÂ÷ âþ¥�� ý�¤�¢ ø ù¢�� ö�¤�Þ�� ö�¡ ñøÂµÆÜî ö���õ Ç¹�¨ ¤¢ �ij ýÂ�ðù¥�À÷� ý�Î¡ ¥� ÛÖµÆõ¤��ãõ ö���ã� �2u ¢¤ø�Â� ´ó�� ßþ� ¤¢ ø ù¢�� ÛÖµÆõ �ûuj ùø�ã� .Àª��üõ �2u Å÷�þ¤�ø ø ÂÔ¬ ß�Ú÷��õ.´¨� ö�¡ ñøÂµÆÜî ö���õ Â� ×ª�� Â���� ÂÚ÷�È÷ ö� ö¢�� ¤�¢ ü�ãõ ø ù¢�� ÂÑ÷Àõ ö�Øª�� ß�� ��Â��ç�éøÂãõ 14üê¢�Ê� �À±õ ¥� ­Âä �� ü½Î¨À�� ñÀõ �� (4.2.1) �Î��¤ ¤¢ ùÀª ���¤� ñÀõü÷��¨Âð¤ ��¨Âõ ý�ûñÀõ �� ´±Æ÷ ö� ý�þ��õ ø °þ�ãõ ü��þ¥ ¤� ø ñÀõ ßþ� ÂµÈ�� ¼þÂÈ� ¥� Û±ì .´¨�ÂµÈ�� ���þ�� Å³¨ .¢Â�ðüõ ¤�Âì �ãó�Îõ ¢¤�õ ü½Î¨À�� ý�ûñÀõ ý��þ�� ����Î¬� ø Ý�û�Ôõý�ûñÀõ �î ¢�ª ���� ��Þ® .¢�ªüõ âì�ø ¶½� ¢¤�õ ÂÚþ¢ ý�ûñÀõ ß��»Þû ø ñÀõ ßþ� ¢¤�õ ¤¢ýøÂ�� ý��÷��ª� ¤�µ¡�¨ ¥� �î À÷¤�¢ ¢��ø ��÷ 15ùÀª ýÀ���Ö±Ï-âÏ�Öµõ ý�ûñÀõ À�÷�õ ýÂÚþ¢ßþ� ¤¢ üþ�ûñÀõ ß��� ü¨¤Â� .À÷�ªüõ �µêÂð ÂÑ÷ ¤¢ ü½Î¨À�� ý�ûñÀõ ö���ã� �õ� À��îüÞ÷ø (1995) ß�µ¨�ÀÜð À�÷�õ ¢���õ â���õ �� À÷���üõ À�Þì�ä ùÀ�÷��¡ .´êÂð Àû��¿÷ �¤�¬ �õ�÷ö�þ��.À�î �ã��Âõ (2007) Û�û ø ßÞÜðRandom intersept14Cross 
lassi�ed15



8 ü½Î¨À�� ý¤�õ� Û�Ü½� �� üþ��ª� .1 ÛÊêü½Î¨À�� ý¤�õ� Û�Ü½� ý��þ�� Ý�û�Ôõ 3.1ñÀõ ��Î¨ âì�ø ¤¢ .Àª��üõ �ø�Ôµõ ¼Î¨ À�� ¢��ø �� ü½Î¨À�� ý�ûñÀõ ý¤�ÁÚõ�÷ üÜ¬� Û�ó¢ý�û¤�µî�ê ¼Î¨ ö���ä .À÷�ù¢Âî �÷��ª� ÂÚþÀØþ ¤¢ °�Âõ üÖþÂÏ�� �î À�ª��üõ üÔÜµ¿õ ý�û�ª�¡¼Î¨ ù¢Âî �÷��ª� ÂÚþ¢ ý�û¤�µî�ê üõ�Þ� ¤¢ �î ý¤�µî�ê ß�óø� �� .¢�ªüõ ùÀ�õ�÷ �ãó�Îõ ¢¤�õù¢Âî �÷��ª� ýÂÚþ¢ ¤�µî�ê ¤¢ ¢�¡ ø ù¢Âî �÷��ª� ö� öø¤¢ ñø� ¤�µî�ê �î ý¤�µî�ê .À�þ�ðüõ ñø�ñÀõ �î ´¨� ¼®�ø .À÷¢Âðüõ üêÂãõ ÂÚþ¢ ��Î¨ °��Â� ß�Þú� .¢�ªüõ ùÀ�õ�÷ �ø¢ ¼Î¨ Àª��ü½Î¨¤�ú� ñÀõ ø ¼Î¨�¨ Ûõ�ª 17ü½Î¨�¨ ñÀõ .´¨� �ø¢ ø ñø� ¼Î¨ ý�¤�¢ 16ü½Î¨ø¢ö�È÷ �¤ ü½Î¨�¨ ñÀõ ×þ ¤�µ¡�¨ üÈþ�Þ÷ �¤�Ê� 1.3.1 ÛØª .À�ª� �üõ ¼Î¨¤�ú� Ûõ�ªÛ�ØÈ� �¤ ��¨ ¼Î¨ �ûö�µ¨¤�Þ�� ø �ø¢ ¼Î¨ ö�Øª�� ,ñø� ¼Î¨ ö�¤�Þ�� ,ÛØª §�¨� Â� .Àû¢üõ.À�û¢üõü½Î¨À�� ¤�µ¡�¨ ý¥�¨¤�Øª� éÀû �� �ú�� ... ø 2 ø1 ùøÂð �¤�Ê� ö�¤�Þ�� ý¤�ÁÚõ�÷ö�Øª�� �� °Æµ�õ ö�¤�Þ�� ¥� ü¬�¡ ùøÂð Âû Û±ì ¥� �î ¢¤�À÷ ¢��ø üÜ�ó¢ �÷Âðø ´¨� �µêÂð �¤�¬��÷ ü��¿µ÷� ý�ûö�µ¨¤�Þ�� ø ö�Øª�� �ãõ�� ¥� üê¢�Ê� ý��÷�Þ÷ ü��¿µ÷� ö�Øª�� .Àª�� ü¬�¡.À�ª��üõ Âúª ×þ ý�ûö�µ¨¤�Þ�� ��Üî ¥� üê¢�Ê� ý��÷�Þ÷

2-levels model163-levels model17



9 ü½Î¨À�� ý¤�õ� Û�Ü½� �� üþ��ª� .1 ÛÊê

ñø� ¼Î¨ Àû¢üõ ö�È÷ ¤�¢�Þ÷ .×ª�� 4 ö�õ¤¢ ´½� ö�¤�Þ�� ö�¡ ñøÂµÆÜî ü¨¤Â� :1.3.1 ÛØª�ø¢ ¼Î¨ ø À÷�ù¢Âî �÷��ª� ö�Øª�� ü�ãþ �ø¢ ¼Î¨ ¤¢ �î À�ª��üõ �ø�Ôµõ ö�Øª�� ÂÑ÷ ´½� ö�¤�Þ��.´¨� ù¢Âî �÷��ª� ´¨� ö�µ¨¤�Þ�� �î ýÂÚþ¢ ¤�µî�ê ¤¢


