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üÞ¨� ø ü±��Â� ,�µ¨��� �µÆ±Þû ý�û¾¨�� ý�Â� ��ä ü÷�Øõ ñÀõü÷�õ�¨ üõ�Âú� ö�Æ�� ,ýÂ�õ �ÞÏ�ê ùÀ�¨üµÈú� À�úª ù�ÚÈ÷�¢ ,¤�õ� ùøÂð1391*6*23 :ýÂÚ÷¥�� ßþÂ¡� ¾þ¤�� 1391*2*3 :´ê�þ¤¢ ¾þ¤��ý�ûÂ�çµõ ���� âþ¥�� ý�Â� �µê�þÝ�Þã� ñÀõ ×þ üêÂãõ �ó�Öõ ßþ� éÀû : ùÀ�Ø�â��� ý�Â� ý��µÆ� ý�û�Âê .´¨� ùÀªÝð ù¢�¢ öøÀ� ø �� �µ¨��� ø ü±��Â� ,üÞ¨�ý�Â� ,�� °þÂÖ� ß��»Þû .¢�ªüõ ���¤� ��ä ü÷�Øõ ý�ûñÀõ �� ¯��Âõ üþ�Þ�µ¨¤¢öøÀ� ø �� ü±��Â� ø �µ¨��� ,üÞ¨� ý�û¾¨�� �� ��ä ü÷�Øõ ñÀõ ý�ûÂµõ�¤�� ¢¤ø�Â�,ý¢�ú�È�� ý�ûñÀõ ´�Ü��ì ö¢�¢ ö�È÷ ý�Â� .´¨� ùÀª ù¢Â� ¤�î�� ùÀªÝð ý�ûù¢�¢ýø¤ Â � ùÀª � ��¤� ý�ûñÀõ ß� �»Þû .´¨� ùÀª ��¹ ÷� ý¥�¨� � ±ª ý�û�ã ó�Î õ.´¨� �µêÂð ¤�Âì Û�Ü½� ¢¤�õ ü�¤�¡ ö��¥ ©¥�õ��� ¯��Âõ üãì�ø ý�ûù¢�¢ý�ûù¢�¢ ,üþ�Þ�µ¨¤¢ â��� ,üÞ¨� ø ü±��Â� ,�µ¨��� �µÆ±Þû ý�û¾¨� � : ýÀ�Üî ý�ûù��ø.��ä ü÷�Øõ ñÀõ ,ö�ú�� Â�çµõ ,ùÀªÝð�õÀÖõ 1¤�Â ì üØª�� ��Üä ø üª¥�õ� ��Üä ö�ÖÖ½õ ���� ¢¤�õ �î üÞúõ ý�ûá�®�õ ¥� üØþ�î üþ�ûñÀõ ¥� üØþ .´¨� �µÆÆð ø �µ¨��� ý�ûÂ�çµõ ¥� ý¤�¢Â� ß�� À÷��� ü¨¤Â� ,¢Â�ðüõ�µÆ±Þû �µ¿�õ� ý�ûù¢�¢ ý�Â� ��ä ü÷�Øõ ñÀõ ,¢Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ ¤�Ñ�õ ßþ� ý�Â�0 . sadatmiri88�yahoo.
om ,ýÂ�õ �ÞÏ�ê ùÀ�¨ :�ó�Öõ ñ�ÿÆõ ×�÷øÂµØó� §¤¢�0 . 62H10 ,62E99 :(2000) ü®�þ¤ ýÀ��á�®�õ Àî



�µÆ±Þû ý�û¾¨�� ý�Â� ��ä ü÷�Øõ ñÀõ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 100âÏ�Ö� �Ü�¨ø�� ýÀ�þ�È�� ñøÀ� ×þ üÞ¨� ý�ûÂ�çµõ ñÀõ ßþ� ¤¢ .´¨� ü±��Â� ø �µ¨���ñ�õÂ÷ âþ¥�� ý�¤�¢ �µ¨��� ý�ûÂ�çµõ ¢�ªüõ ­Âê �÷�¡ Âû ¤¢ �î À��îüõ ¢�¹þ� ö�ª��Î¨ø ö�ú�� Â�çµõ �þ�� Â� ü±��Â� ø �µ¨��� Â�çµõ ø¢ À÷��� üÜ¬� �ó�Æõ âì�ø ¤¢ .À�µÆû ùÂ�çµõ À���ûù¢�¢ ÅþÂ��õ ÂÎ¨ ×þ ñÀõ ßþ� ¤¢ .´¨� �ûÂ�çµõ ßþ� ýø¤ ü���±� ý�ûÂ�çµõ Â���� ß��ã��� .À�ª�� ùÀªÝð Âþ¢�Öõ ý�¤�¢ �µ¨��� �þ ü±��Â� ý�ûÂ�çµõ �Þû �þ üÌã� ý�Â� ´¨� ßØÞõ´�� �î �¤ üþ�û´ó�� (1961) ´��ø ß�Øóø� ¤� � ß� óø� ��ä ü÷�Øõ ñÀõ ´�Þû� � � ����ý�û¾¨�� �� ��ä ü÷�Øõ ñÀõ ö���ä ´½� üóÀõ ø À÷¢�¢ Ý�Þã� ¢�� ù¢Âî ù¤�ª� �ûö� �� (1955)ý�ûÂ�çµõ ���� �þ�¹� ¥� ù¢�Ôµ¨� �� (1972) Åî�î .À÷¢Âî �ÂÎõ �µ¨���ø üÞ¨� �µÆ±ÞûÂ�çµõ ¯Âª �� �µÆÆð Â�çµõ üÏÂª âþ¥�� ø �µ¨��� Â�çµõ ý���ª�� âþ¥�� �� �µÆÆð ø �µ¨���¤�Âì ü¨¤Â� ¢¤�õ �¤ �µ¨��� ø �µÆÆð ý�ûÂ�çµõ ß�� À÷��� �î ¢�Þ÷ �þ�¤� �¤ üóÀõ ,�µ¨���Âµó�ª ø Ûµ�ó Å³¨ ø ¢Âî üêÂãõ �¤ �ûù¢�¢ üðÀªÝð ��úÔõ (1976) ß���¤ ¤�� ß�óø� .¢�¢üõý�û¾¨�� ý�¤�¢ �î �µ¨��� �µ¿�õ� ý�ûñÀõ ý�Â� �¤ üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ¢¤ø�Â� (1985)ø �µ¨��� �µ¿�õ� ý�û¾¨�� ý�Â� �¤ ö�õ�Þû ñÀõ (1978) ßÞØû .¢Âî üêÂãõ À�ª�� ùÀªÝðÅî�î ñÀõ ø ��ä ü÷�Øõ ñÀõ �Æþ�Öõ � � (1992) Å��õÂþø ø Åî�î .¢Âî �þ�¤� � µÆÆð�µ¨�� � �µ¿�õ� ý�ûù¢�¢ ý�Â � �¤ ü÷�Øõ ý�ûñÀõ (1993) üØ¨�÷�¥Âî .À� µ¡�¢Â� (1972)�ÂÎõ �µ¿�õ� üó�Ï ý�ûù¢�¢ ýø¤ �¤ üþ�ûñÀõ (1994) ö�¤�ØÞû ø ÛÚþ¢ .¢Âî �þ�¤� �µÆÆðøÂû ý�Â� �µ¨��� ø üÞ¨� �µ¿�õ� ý�û¾¨�� �î À�µÆû üþ�ûù¢�¢ �µ¿�õ� üó�Ï ý�ûù¢�¢ .À÷¢Âî¥� ü¡Â� �î üµó�� ý�Â� (1997) ¢Â�ó ø Åþ¤�õ �µ�ê .À÷�ªüõ ¤�ÂØ� ö�õ¥ ñ�Ï ¤¢ ü÷¢�õ¥�ý�Â� �¤ ü÷�Øõ ý�ûñÀõ (2007) ÂþÂî ø ö��ó .À÷¢Â� ¤�î�� À�µÆû üðÀªÝð ý�¤�¢ �û¾¨��,ö�õ�Þû ý�ûñÀõ §�¨� Â� ùÀªÝð ý�ûù¢�¢ öøÀ� ø � � ü±��Â� ø �µ¨��� �µ¿�õ� ý�ûù¢�¢Ç¿� :´¨� Âþ¥ �Âª �� �µêÂð ¤�Âì ü¨¤Â� ¢¤�õ �ó�Öõ ßþ� ¤¢ �»÷� üÜî ¤�Ï�� .À�µ¡�¢Â�üêÂãõ ùÀªÝð ý�ûù¢�¢ öøÀ� ø �� ü±��Â� ø �µ¨��� ,üÞ¨� �µ¿�õ� ý�ûù¢�¢ ñÀõ Ý�Þã� ,�ø¢�� ��¨ Ç¿� .´¨� ùÀõ� ´¨¢�� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ©ø¤ �� �ûÂµõ�¤�� ¢¤ø�Â� Å³¨ ø ùÀªý�ûù¢�¢ ¥� �î ü¹þ�µ÷ �úµ÷� ¤¢ ø ùÀª �þ�¤� ñÀõ ´�Ü��ì ö¢�¢ ö�È÷ ý�Â� ý¥�¨��±ª ��ãó�Îõ��ä ü÷�Øõ ñÀõ ¥� üÜî ýÂ�ð�¹�µ÷ ×þ ,�¤�ú� Ç¿� .¢�ªüõ �þ�¤� Àþ�üõ ´¨¢�� üãì�ø.¢�ªüõ ö��� ü±��Â� ø �µ¨��� ,üÞ¨� �µ¿�õ� ý�û¾¨�� ý�Â�



101 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü÷�õ�¨ üõ�Âú� ö�Æ�� ,ýÂ�õ �ÞÏ�ê ùÀ�¨�µ¿�õ� ý�ûù¢�¢ ñÀõ Ý�Þã� 2üÞ¨� ø ü±��Â� ,�µ¨��� �µ¿�õ� ý�û¾¨�� �î üµó�� ý�Â� �¤ ��ä ü÷�Øõ ñÀõ �Àµ�� Ç¿� ßþ� ¤¢ý�ûù¢�¢ ý�Â� ��ä ü÷�Øõ ñÀõ Ý�Þã� üêÂãõ �� �õ�¢� ¤¢ Å³¨ .Àª Àû��¡ �þ�¤� ,ùÀª üêÂãõüª��ÝÈ� Û��ì Â�è á�÷ ¥� üðÀªÝð �î ùÀªÝð ý�ûù¢�¢ �� üÞ¨� ø ü±��Â� ,�µ¨��� �µ¿�õ�üÞ¨� ý�ûÂ�çµõ ¥� ý��ä�Þ¹õ ùÀ�û¢ö�È÷ X1; : : : ; XS À��î ­Âê .¢�ªüõ ö�� � ´¨�ùÀ � û¢ö�È ÷ Z1; : : : ; ZQ ø � µ¨� � � ý� ûÂ � ç µ õ ¥� ý�� ä�Þ¹õ ùÀ � û¢ ö�È ÷ Y1; : : : ; Y
 ø�µêÂð ÂÑ÷ ¤¢ ¢Âê n ý�Â� �ûÂ�çµõ ßþ� ¥� ×þ Âû Âð� .À�ª�� ü±��Â� ý�ûÂ�çµõ ¥� ý��ä�Þ¹õö� ¤¢�î ,´¨� M = (X;Y; Z) ýÀã� n� (S + C +Q) ù¢�¢ ÅþÂ��õ ×þ �¹�µ ÷ ,À ÷�ªýùÀ � û¢ ö�È ÷ °� �Â � � � Z = (Z1; : : : ; ZQ) ø Y = (Y1; : : : ; YC) ,X = (X1; : : : ; XS)�¤�¬�� [X;Y; Z℄ ���� âþ¥�� .À�µÆû M ÅþÂ��õ ü±��Â� ø �µ¨��� ,üÞ¨� ý�ûÇ¿�[X;Y; Z℄ = [X℄[Y jX℄[ZjX; Y ℄,X ý¤��î âþ¥�� ùÀ��î É¿Èõ °��Â��� [ZjX; Y ℄ ø [Y jX℄ ,[X℄ ö� ¤¢ �î ,¢�ªüõ �þ�¹�Â� [ZjX; Y ℄ ß��»Þû .À�µÆû Y ø X ¯Âª�� Z üÏÂª âþ¥�� ø X ¯Âª�� Y üÏÂª âþ¥��.´¨� Y ø X ¯Âª �� Y � üÏ�ª âþ¥�� [Y �jX;Y ℄ ý��±õ¥� � Ô ó� õ ß � õ�d � � � î À ª� �ü õ ü Þ ¨� ý� ûÂ � ç µ õ ¥� D � 1 ¤�¢Â � U À � � î ­Â êýÀ � þ� È � � ñøÀ � × þ U ¤�¢Â � .´ ¨� (d = 1; : : : ; D) ß Ø Þ õ ´ ó� � sd ý�¤�¢ ö�,S � 1 ¤�¢Â � × þ .À � îü õ Ó þÂ ã � U Â þ¢� Ö õ ý�Â � ß Ø Þ õ ´ ó� � S = DQd=1 sd � �×þ Â ��Â � Xs ¢Â �ð ¤�Â ì s´ó�� ¤¢ U Âð� � î ,¢�ª ÓþÂã � ¢�� �üõ x = (X1; : : : ; Xs)× þ Û õ� ª Í Ö ê UÂ Î ¨ Â û �¤� ¬ß þ� ¤¢ .´ ¨� Â Ô ¬ Â ��Â � �¤� ¬ ß þ� Â � è ¤¢ øü � ã þ ,´ ¨� ý�� Ü Þ � À � � â þ¥� � ý�¤�¢ X Â � ç µ õ �� ä ü ÷� Ø õ ñÀ õ ´ ½ � .´ ¨� 1¯��Âõ ý�û� ÷�¡ ý�ûñ�Þµ�� ¥� ¤�¢Â � ×þ � = (�1; : : : ; �S)T ö� ¤¢ �î Xj� / SQs=1�xss,Q� 1 ý¤�¢Â � y� ø C � 1 ý¤�¢Â � y �î ,[y; y�jx(s)℄ ý�Â � .´¨� ýÀ� þ�È � � ñøÀ� � �ø E(Y �jXs) = ��s ø E(Y jxs) = �s ý� ûß � Ú ÷� � õ � � � µ ê� þ Ý � Þ ã � ü ÷� Ø õ ñÀ õ × þø Cov(Y jxs) = Cov(Y ) = � ,Cov(Y �jxs) = Cov(Y �) = �� Å÷�þ¤��î ý�ûÅþÂ��õü±��Â� Â�çµõ ø ö�ú�� Â�çµõ ß�� ¯�±�¤� .À�µÆû Cov(Y; Y �jxs) = Cov(Y; Y �) = �Y;Y �,Zq = a`qq ù�Ú ÷� �`q�1q < Y �q < �`qq Âð� ü�ã þ ,¢�ªüõ ÓþÂã � ý�� ÷� µ¨� ñÀõ �Ü �¨ø� �f�1q ; � � � ; �`qq g ø �`q+1q = +1 ,�0q = �1 ,ý��÷�µ¨� ¯�Ö÷ q = 1; : : : ; Q ,�`qq ö� ¤¢ �îø ´¨� a1q < � � � < aLq+1q �¤�¬�� � ¯�Ö÷ ý�Â� ü±��Â� �Î��¤ ×þ .À�µÆû ��Üãõ�÷ ¯�Ö÷



�µÆ±Þû ý�û¾¨�� ý�Â� ��ä ü÷�Øõ ñÀõ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 102ùbÂ�çµõ À�� ñ�õÂ÷ xs ø Y ¯Âª �� Y � âþ¥�� ��ä ü÷�Øõ ñÀõ ´½�Y �jY; xs � N(��s +�Ty;y���1(y � �s);�� � �Ty;y���1�y;y�)D ö� ¤¢ � î ,´ ¨� ,DRD = �� � �Ty;y���1�y;y� �Â ê � � Å ÷� þ¤�� î Å þÂ �� õ .´ ¨�À�� üÚµÆ±Þû ¥� Q�Q ö¤�Öµõ ÅþÂ��õ R ø dq üÏÂª ¤��ãõ é�Â½÷� ¥� ýÂÎì ÅþÂ��õÂÑ÷ ¤¢ ´��� S ,ñÀõ ý�ûÂµõ�¤�� ¢�Àã� ö¢�¢ Çû�î ý�Â� .´¨� Y ø Xs ¯Âª�� Y � ý��µª¤ö� ¤¢ �î ,´¨� ùÀª �µêÂð�s = � + �s ; ��s = �� + ��s ; s = 1; : : : ; S � 1¢¤�À÷�µ¨� .À�µÆû s´ó�� ý�Â� Y � ø Y ý�ûß�Ú÷�±õ °��Â��� ��S = �� ø �S = � ß��»Þû�¤�¬�� s 6= S ý�Â� [Y �jxs; Y ℄D�1(y� � ��s � �Tyy���1(y � �s)) = D�1(y� � ��)� �s �B(y � �)) (1)ö� ¤¢ �î ,¢�ªüõ ��¹÷��s = D�1��s �B�s ; B = D�1�Tyy���1.´¨� RÅ÷�þ¤��î ÅþÂ��õ ø ÂÔ¬ ß�Ú÷��õ �� ùÂ�çµõ À�� ñ�õÂ÷ âþ¥�� ý�¤�¢ (1) �¤�±ä�¤�¬�� (q = 1; : : : ; Q) ,f�1q ; � � � ; �Lqq g üÏÂª ý��÷�µ¨� ¯�Ö÷ ¢¤�À÷�µ¨� ���Èõ ¤�Ï��ÂÊ�ä ß�õ� q ,�sq = ��sqdq � �q�sq ,
`qq = �`qqdq � ( ��qdq � �Tq �) ö� ¤¢ �î 
`qq � �sq � �Tq y,�Sq = 0 ¢�ª ���� .´¨� B Óþ¢¤ ß�õ�q ,�Tq = (�q1; � � � ; �qC) �q = d�1q Sy;y�q��1�î ´¨� ¼®�ø .À�µÆû 
Lq+1q = +1 ø 
0q = �1P (Z = `jx = xs; y; �) = ZS �Q(vjR)dv;Å÷� þ¤�� î Å þÂ �� õ ø Â Ô ¬ ß � Ú ÷� � õ � � ñ� õÂ ÷ â þ¥� � ü ó� Ú � â �� � �Q(�jR) ö� ¤¢ � î� î ,S = f(v1; : : : ; vQ) : �`q�1sq < vq < �`qsq ; q = 1; : : : ; Qg ,` = (`1; : : : ; `Q)T ,R�¤�¬�� [x; y; z℄ ���� üó�Ú� .À�µÆû � = (�;�; R) ø �`qsq = 
`qq � �Tq y � �sqP (x = xs; y; z = `j�) = �s�(y � �sj�)ZS �Q(vjR)dvý�Â� ö�ú�� Â�çµõ ùÀ�û¢ö�È÷ °��Â��� IR�z ø IR�y ,Y � �µ¨��� ý�ûÂ�çµõ ø ¢�ªüõ ÓþÂã��� ¯��Âõ ö�ú�� Â�çµõ ø Yi üðÀªÝð ÝÆ�÷�Øõ �� ¯��Âõ ö�ú�� Â�çµõ ,Zi ü±��Â� ¾¨��



103 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü÷�õ�¨ üõ�Âú� ö�Æ�� ,ýÂ�õ �ÞÏ�ê ùÀ�¨°��Â�� � IRzi ø IRyi ÂÚ÷�È÷ ý�ûÂ�çµõ ÂÚþ¢ üêÂÏ ¥� .À� µÆû Zi üðÀªÝð ÝÆ� ÷�Øõ�¤�¬��IRyi = � 1 R�yi > 00 o:w; IRzi = � 1 R�zi > 00 o:w:ö¢�� ×þ .À�µÆû Rzi ø Ryi �� ¯��Âõ ý�ûÂ�çµõ ,R�zi ø R�yi �ûö� ¤¢ �î ,À÷�ªüõ ÓþÂã�ö�È÷ ö� ö¢�� ÂÔ¬ ø ´¨� ùÀª ùÀû�Èõ ¾¨�� Â�çµõ �î ´¨� ßþ� ùÀ�û¢ö�È÷ ÂÚ÷�È÷ â���ø �µ¨��� ý�û¾¨�� �� ¯��Âõ ��ä ü÷�Øõ ñÀõ .´¨� ùÀªÝð ¾¨�� Â�çµõ �î ´¨� ßþ� ùÀ�û¢�¤�¬�� À�µÆû üðÀªÝð ý�¤�¢ �î ü±��Â�Y �i = �01Ti1 + "i1; Yi = �02Ti2 + "i2R�Yi = �01Ti3 + "i3; R�Zi = �02Ti4 + "i4ùÂ � ç µ õ À � � ñ� õÂ ÷ â þ¥� � ý�¤�¢ ("1; "2; "3; "4) ö� ¤¢ � î ,À ÷� ªü õ � µ êÂ ð Â Ñ ÷ ¤¢ñÀ õ ý� ûÂ µ õ�¤� � ß þ�Â �� � � .´ ¨� �1234 Å ÷� þ¤�� î Å þÂ �� õ ø Â Ô ¬ ß � Ú ÷� � õ � �ý�� ÷� µ ¨� ¯� Ö ÷ ø �02 ø �01 ,�02 ,�01 ¥� À � �¤� ± ä Y ø Z ý� ûÂ � ç µ õ ¤�¢Â � � î ü µ ó� � ¤¢Â þÁ �ö� È ÷ Â Ï� ¡ � � .À � µ Æ û R1234 ü Ú µ Æ ± Þ û ° þÂ ® ø �1q < : : : < �Lqq�R�z ;R�z = Cov(R�z ; R�z) = I ,�y�;y� = Cov(y�; y�) = I ,�1234 ñÀõ ý�ûÂµõ�¤�� ö¢��,�y�;R�z = Cov(y�; R�z) ø À ÷� ªü õ � µ êÂ ð Â Ñ ÷¤¢ �R�y ;R�y = Cov(R�y; R�y) = I ø.�y;R�z = Cov(y;R�z) ,�R�z ;R�y = Cov(R�z ; R�y) ´ þ� ú ÷ ¤¢ ø �y�;R�y = Cov(y�; R�y)ø �R�z ;R�y ,�y�;R�y ,�y�;R�z ý�ûÅþÂ��õ ö¢�� ÂÔ¬ �¤�¬ ¤¢ �ûÂµõ�¤�� ´¨� Âî£ �� �¥�.´¨� üª��ÝÈ� Û��ì á�÷ ¥� ,üðÀªÝð ÝÆ�÷�Øõ �y;R�zÛõ�î ý�ûù¢�¢ ý�Â� ��ä ü÷�Øõ ñÀõ üþ�Þ�µ¨¤¢ â��� 1.2ùÀû�Èõ (GMDM) 1�µê�þ Ý�Þã� �µ¿�õ� ù¢�¢ ñÀõ ¥� N ù¥�À÷� �� üê¢�Ê� �÷�Þ÷ À��î ­Âê�¤�¬�� �ûù¢�¢ üþ�Þ�µ¨¤¢ â��� Ýµþ¤�Úó .´¨� ùÀªlogL(�s; �;�; Rjxs; y; z) = `(�sjxs) + `(�;�jxs; y) + `(Rjxs; y; z)1 General Mixed Data Model



�µÆ±Þû ý�û¾¨�� ý�Â� ��ä ü÷�Øõ ñÀõ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 104�îý¤�Ï��`(�jX) = SXs=1 ns log(�s)`(�; �jX;Y ) = �N2 log j�j � 12 SXs=1 Xi(s)2N(yi(s) � �s)T��1(yi � �s)`(RjX;Y; Z) = NXi=1 SXs=1 log 1X�q=0(�1) QPq=1 �q+Q�Q(: : : ; v`q��qi(s;`) ; : : : jR)ÅþÂ��õ ø ÂÔ¬ ß�Ú÷��õ �� ùÂ�çµõ À�� ñ�õÂ÷ âþ¥�� â��� �Q(: : : ; v`q��qi(s;`) ; : : : jR) ö� ¤¢ �î.´¨�R üÚµÆ±ÞûùÀªÝð ý�ûù¢�¢ ý�Â� ��ä ü÷�Øõ ñÀõ üþ�Þ�µ¨¤¢ â��� 2.2ý�ûÂ�çµõ ¥� ý¤�¢Â� ø �µ¨��� ý�ûÂ�çµõ ¥� ý¤�¢Â� �µÆ±Þû ý�û¾¨�� Û�Ü½� ø ü¨¤Â� ý�Â�¤¢ ö� �±¨�½õ �î ¢�ª ß��ã� �û¾¨�� üþ�Þ�µ¨¤¢ â��� ´¨� �¥� ö�ú�� Â�çµõ �þ�� Â� ü±��Â�â �� � ö�� �ü õ ,� ó� Æ õ ß þ� Û� ý�Â � .´¨� ù�Â Þ û ý¤��ª¢ ø üðÀ �» � � � � «�¡ Í þ�ÂªX = (X1; : : : ; Xm) À��î ­Âê ¤�Ñ�õ ßþ� ý�Â� .(1995 ,��) ¢¥ °þÂÖ� �¤ üþ�Þ�µ¨¤¢ø 1 ý�ûÅ÷� þ¤�ø ,Â Ô¬ ß�Ú ÷� � õ ¤�¢Â � � � ùÂ � ç µ õ À �� ñ� õÂ ÷ â þ¥� � ý�¤�¢ ,m � 3 ý�Â �.Àª�� 
 üÚµÆ±Þû ÅþÂ��õÀ ª� � Â Ú ÷� È ÷ â �� � × þ i = 1; : : : ;m ý�Â � ,Ii = I(!i � Xi � xi) À � � î ­Â ê�� ö��î� .´¨� ¢¤�À÷�µ¨� ñ�õÂ÷ âþ¤�� â��� � ö� ¤¢ �î ,E(i) = �(xi)� �(!i) �îý¤�Ï���bþ�¹� �� ����P (!1 � X1 � X2; : : : ; ! � Xm � xm) = P (!1 � X1 � x1; !2 � X2 � x2)��mk=3P (!k � Xk � xkj!1 � X1 � x1; : : : ; !k�1 � Xk�1 � xk�1) (2)�¤�¬�� (2) �Î��¤ �ø¢ �¤�±ä °þÂÖ� ,ñø� �Ü�Âõ ¤¢E(IkjI1 = 1; : : : ; Ik�1 = 1) = E(Ik) + 
21
�111 (1�E(I1); : : : ;1�E(Ik�1))T,Cov(Ii; Ik) ý� Ì ä� Û õ� ª ýÂ Î ¨ ¤�¢Â � × þ ,
21 ö� ¤¢ � î ,´ ¨�ý� û� þ�¤¢ � � (k � 1) � (k � 1) Å þÂ �� õ × þ 
11 ø i = 1; : : : ; k � 1



105 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü÷�õ�¨ üõ�Âú� ö�Æ�� ,ýÂ�õ �ÞÏ�ê ùÀ�¨�î ´¨� Âî£ �� �¥� ,´¨� i � 1 ø j � k � 1 ø Cov(Ii; Ij) = E(Ii; Ij)�E(Ii)E(Ij)(1995) ý�� � � Â µÈ � � ��ä�Ï� ý�Â � .E(Ii; Ij) = P (!i � Xi � xi; !j � Xj � xj).¢�ª á��¤ý�¤�¢ ,�û¾¨�� �î ý¤�Ï�� ü±��Â� ø �µ¨��� �µ¿�õ� ý�û¾¨�� ý�Â� üþ�Þ�µ¨¤¢ â����� �µÆ��ø ö�ð�÷�ð ¢�Âê� ý�Â� ,À�ª�� ùÀª ùÀû�Èõ ù¤��Þû üÞ¨� Â�çµõ ø À�µÆû üðÀªÝð¾¨�� Â�çµõ ×þ ßµêÂð ÂÑ÷ ¤¢ �� .Àþ� ´¨¢�� üµÆþ�� ü�ø�Ôµõ �b ÷�ð�� ö�È÷ÀªÝð ý�Úó�Å þÂ �� õ ý�¤�¢ � î ´¨�ùÀªù¢¤ø� ´¨¢� � ´ ó�� ¤� ú� ¤¢ ü þ� Þ � µ ¨¤¢ â �� � X ø Z ,Yø Y ß� � üÚµÆ±Þû °þÂ®) �12 ,(Y ¾¨� � Â �ç µ õ Å÷� þ¤�ø) � ý�ûÂµ õ�¤� �� � Å÷� þ¤��î�23 ,(R�Y � ø Y ß�� üÚµÆ±Þû °þÂ®) �14 ,(R�Y ø Y ß�� üÚµÆ±Þû °þÂ®) �13 ,(Y �°þÂ®) �34 ø (R�Y � ø Y � ß�� üÚµÆ±Þû °þÂ®) �24 ,(R�Y ø Y � ß�� üÚµÆ±Þû °þÂ®)¢¤�õ ñÀõ ü÷��¨Âð¤ °þ�Â® �02 ø �01 ,�2 ,�1 ý�ûÂµõ�¤�� .´¨� (R�Y � ø R�Y ß�� üÚµÆ±ÞûÍÖê ��ßþ� ¤¢ .Àª��üõ ¢¤ø�Â� X ü���±� Â�çµõ �� ¯��Âõ ý��÷�µ¨� ¯�Ö÷ ß��»Þû ø À�µÆû ÂÑ÷ý�û´ó�� ý�Â� �¤ö� ö���üõ ø ¢Â�ðüõ ¤�Âì ü¨¤Â� ¢¤�õ ùÀª ùÀû�Èõ ��i ¢Âê ý�Â� Y ¾¨��¢Âê ý�Â� Z ø Y ¾¨�� ø¢ Âû -2 .´¨� ùÀª ùÀû�Èõ ��i ¢Âê ý�Â� Z ¾¨�� ÍÖê -1) ÂÚþ¢.¢�¢ Ý�Þã� (.À�ª�� ùÀª ùÀû�Èõ ��i ¢Âê ý�Â� Z ø Y ¾¨�� ø¢Âû -3 .À�ª�� ùÀÈ÷ ùÀû�Èõ ��iLi = f(yi; IRYi = 1; IRzi = 0)= f(yijXi = xi)P (Xi = xi)[P (IRzi = 0jyi; Xi = xi)� P (IRzi = 0; IRyi = 0jyi; Xi = xi)℄= f(yijXi = xi)P (Xi = xi)[P (R�zi < 0jyi; Xi = xi)� P (R�zi < 0; R�yi < 0jyi; Xi = xi)℄= f(yijXi = xi)P (Xi = xi)� [�(��02Ti4 � �24� (yi � �02Ti2)p1� �224 )� �12(��02Ti4 � �24� (yi � �02Ti2)p1� �224 ;��01Ti3 � �23� (yi � �02Ti2)p1� �223 ; �34 � �24�23p1� �223p1� �224 )℄üðÀªÝð ���÷�Øõ �� ¯��Âõ ö�ú�� ý�ûÂ�çµõ ñ�õÂ÷ üãÞ¹� âþ¥�� â��� �12(�; �; �) ö� ¤¢ �î´¨¢�� �ûüþ�Þ�µ¨¤¢ ��Þ� �Â® ¥� �î üþ�Þ�µ¨¤¢ â��� .´¨� Zi üðÀªÝð ���÷�Øõ ø Yi.¢Âî ���ú� \nlminb" ¤�µ¨¢ �� ,R ¤��ê��Â÷ ¤¢ ö���üõ �¤ Àþ�üõ



�µÆ±Þû ý�û¾¨�� ý�Â� ��ä ü÷�Øõ ñÀõ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 106ý¥�¨��±ª �ãó�Îõ 3�Ø÷� ­Âê �� .´¨� ùÀªÝð ý�û ù¢�¢ �� ��ä ü÷�Øõ ñÀõ ü¨¤Â� ,ý¥�¨��±ª ßþ� ¥� éÀû× þ Z ,� µ ¨� � � Â � ç µ õ ø¢ (ö� ú � � Â � ç µ õ) Y � ø Y ,À � ª� � s = 2 ø C = Q = L = 1ßþ� ¤¢ .À ÷�ùÀª � µ êÂ ð ÂÑ ÷ ¤¢ ü þ� �ø¢ üÞ¨� ¤�¢Â � ×þ X ø ¼Î¨ ø¢ � � ü ± � �Â � Â � ç µ õÀ � �¤� ± ä ñÀ õ ý� ûÂ µ õ�¤� � .´ ¨� ü ðÀ ªÝ ð ý�¤�¢ ü ± � �Â � Â � ç µ õ ¢� ªü õ ­Â ê ñÀ õý�¥�� � x = x(s) ¯Â ª� � Y À � õ� �T = (�1; �2), ö� ¤¢ � î ,� = (�; �T ; �2; 
; �; � ) ¥�,R�zi ¢¤�À÷�µ¨� 
 ,s = 1;2
 = R�zip1� �2 � ( ��2p1� �2 � ��2); � = ��p1� �2 ; � = ��p1� �2 � ��� � ü þ� û� ÷� Þ ÷ ý¥� ¨� � ± ª ß þ� ¤¢ .´ ¨� Y � ø Y ß � � ü Ú µ Æ ± Þ û ° þÂ ® � ø,� = 0=5 üãì�ø Âþ¢�Öõ � � GMDM ¥� ¤�ÂØ� �± �Âõ 2000� � 1000 ø 500 ,250 Ý¹�ø � = 0=577 ,
 = �0=289 ,� = 0=5 ,�2 = 1 ,�2 = ��2 = 0=5 ,�1 = ��1 = 0Âû ,¢�ªüõ �Ñ��õ 1 ñøÀ� ¤¢ ùÀª �þ�¤� ¸þ�µ÷ �� ���� �� .´¨� ùÀª À�ó�� � = �0=289.´¨� Â�Ýî ü±þ¤� ø Â�×þ¢�÷ üãì�ø ¤�ÀÖõ �� �ûÂµõ�¤�� ¢¤ø�Â� Àª�� ¢�þ¥ �÷�Þ÷ Ý¹� ù¥�À÷�×þ ¥� Âµð¤�� �î ýÂþ¢�Öõ ø À��þüõ Çþ��ê� ü±Æ÷ üþ�¤�î �÷�Þ÷ Ý¹�Çþ��ê� �� ß��»Þû.´¨� �ûÂµõ�¤�� ß�Ú÷��õ ¤�ÀÖõ ¥� Â��¤�î Âµõ�¤�� ¢¤ø�Â� ¤�ÀÖõ Àû¢üõ ö�È÷ À�µÆû¥� ¤�ÂØ � � ± �Â õ 2000 � � � ûÂ µ õ�¤� � ü þ� Þ � µ ¨¤¢ ÝÞ �Æ î� õ ý� û¢¤ø�Â � :1 ñøÀ�ùÀªÝð ý�ûù¢�¢ �� GMDMüþ�¤�î ü±þ¤� ¢¤ø�Â� ß�Ú÷��õ �÷�Þ÷ Ý¹� Âµõ�¤�� ¤�ÀÖõ Âµõ�¤��0/9588 -1/6826 0/8716 2501/0147 -0/8864 0/8432 500 0/866 
1/200 -0/6460 -0/8900 10000/9947 -2/2530 0/5900 2501/0001 -1/7501 0/5871 500 0/577 �1/0166 -2/1140 0/5892 10000/9220 -1/9030 -0/2945 2500/9455 -1/4530 -0/2932 500 -0/289 �1/0065 0/3460 -0/2900 1000



107 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü÷�õ�¨ üõ�Âú� ö�Æ�� ,ýÂ�õ �ÞÏ�ê ùÀ�¨
GMDM Ûõ�î ñÀõ ¢¤�À÷�µ¨� ý�Î¡ ø �ûÂµõ�¤�� ¢¤ø�Â� :2 ñøÀ�¤��ãõ é�Â½÷� ¢¤ø�Â� Âµõ�¤�� SEX � LAN0/023 0/143 �1 ¢Âõ ø ý�Æ÷�Âê0/024 0/152 �2 ¢Âõ ø üþ��÷�³¨�0/029 0/251 �3 ¢Âõ ø ü÷�Þó�0/022 0/130 �4 ö¥ ø ý�Æ÷�Âê0/022 0/126 �5 ö¥ ø üþ��÷�³¨�0/026 0/199 �6 ö¥ ø ü÷�Þó�2/300 84/939 �11 ¢Âõ ø ý�Æ÷�Âê0/109 2/803 �122/234 78/543 �21 ¢Âõ ø üþ��÷�³¨�0/106 2/610 �221/735 82/172 �31 ¢Âõ ø ü÷�Þó�0/082 2/800 �322/413 82/767 �41 ö¥ ø ý�Æ÷�Âê0/114 2/769 �422/454 84/241 �51 ö¥ ø üþ��÷�³¨�0/116 2/891 �521/948 85/500 �61 ö¥ ø ü÷�Þó�0/092 2/743 �6216/247 174/613 �21 Å÷�þ¤�ø0/036 0/392 �220/96 0/059 � üÚµÆ±Þû °þÂ®0/23 0-/597 
1 ©Â� ¯�Ö÷0/221 0/400 
20/113 0-/680 �1 FLAS ü÷��¨Âð¤ Â��0/004 0-/012 �2 HGPA ü÷��¨Âð¤ Â��0/273 -0/858 �10/246 -0/584 �20/29 -0/578 �3 SEX � LANÂ��0/297 -0/262 �40/279 0/403 �5



�µÆ±Þû ý�û¾¨�� ý�Â� ��ä ü÷�Øõ ñÀõ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 108Ûõ�î ý�ûù¢�¢ ý�Â� ý¢Â�¤�î ñ�·õ 1.3ùÀõ� ´¨¢�� ,(1997) ÂÔª �ãó�Îõ ¥� �î ü�¤�¡ ö��¥ ü¹�¨ö�ø¤ ¢Â�¤�î Ûõ�ª Ç¿� ßþ��î (FLAS) 2ü¹�¨ö�ø¤ üðÄþø ü¨¤Â� ,ü�¤�¡ ö��¥ �ãó�Îõ ¥� üÜ¬� éÀû .¢�ªüõ ���¤�¢¤�õ ´¨� �µê�þ ©¤��ð FLAS ¤¢ �¤�úõ üþ�ÚÈ�� ý�Â� (1983) ��Â��¤ ø À÷�Þþ¤ Í¨����÷�Ü�Æ�� ù�ÚÈ÷�¢ ¤¢ ü�¤�¡ ö��¥ ý�ûù¤ø¢ ¤¢ �î �¹È÷�¢ 231�ûö� .¢Â�ðüõ ¤�Âì ü¨¤Â��1 .À�µêÂð ÂÑ÷ ¤¢ �¤ À�µÆû Âþ¥ ý�ûÂ�çµõ Ûõ�ª �î üþ�û�Âê ö¢Âî Â� �� 1980 ñ�¨ ¤¢ö��¥ -1) ö�þ�¹È÷�¢ üÜ�Ê½� ý�û�µª¤ �� ÂÒ��µõ ,¼Î¨ �¨ �� üÞ¨� Â�çµõ ×þ ,LAN�� ÂÒ��µõ ,¼Î¨ø¢ �� üÞ¨� Â�çµõ ×þ ,SEX -2 .(ü÷�Þó� ö��¥ -3 üþ��÷�³¨� ö��¥ -2 ý�Æ÷�Âê.ö�þ�¹È÷�¢ ��ÂÞ÷ ,�µ¨��� ¾¨�� Â�çµõ ×þ ,FLAS -3 .(¶÷�õ -2 ÂîÁõ -1) ¢�Âê� ´�Æ��×þ ,3GRD -5 .ö�µ¨Â��¢ ù¤ø¢ ¤¢ ö�þ�¹È÷�¢ ñÀãõ ,�µ¨��� ¾¨�� Â�çµõ ×þ ,HGPA -4-3 B ùÂÞ÷ -2 C Âþ¥ �þ C ùÂÞ÷ -1) ö��¥ ö�þ�¹È÷�¢ ��ÂÞ÷ ,¼Î¨ �¨ �� ü±��Â� ¾¨�� Â�çµõ×þ ýø¤ Â� ��ä�Ï� Ûõ�ª �î �ûù¢�¢ ï¤�� �ä�Þ¹õ ×þ Û�Ü½� �� (1997) ÂÔª .(A ùÂÞ÷¥� ø� éÀû .´¨� �µ¡�¢Â� ¢�� �¨¤Àõ ¢�Àãµ¨� ö�õ¥� ��ÂÞ÷ À�÷�Þû ÂÚþ¢ ý�ûÂ�çµõ ¢�Àã�¯�±�¤� ü¨¤Â� ,�ãó�Îõ ¥� éÀû ñ�� .´¨� ù¢�� ��ä ü÷�Øõ ñÀõ ö¢Â� ¤�î�� ,¤�î ßþ� ��¹÷�� � .´¨� GMDM §�¨� Â� ,���� âþ¥�� ýø¤ Â� ö¢Âî ýÀ��ñÀõ � � �µ¿�õ� ý�ûÂ�çµõ ß���î üµó�� ¤¢ GMDM ©ø¤ �� �¤ �ûÂ�çµõ ,´¨� ¤�Ñµ÷� ¢¤�õ �¹�µ÷ GRD �î ßþ� �� �����¤�¬�� ¢¤�À÷ ¢��ø üðÀªÝð[GRD; FLAS;HGPA;LAN; SEX℄ = [GRDjFLAS;HGPA;LAN; SEX℄�[FLAS;HGPAjLAN;SEX℄� [LAN; SEX℄üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ¢¤ø�Â� ý�Ü�¨ø�� Ûõ�î GMDM ñÀõ ©¥�Â� �¹�µ÷ .¢�ªüõ ýÀ��ùøÂð,À�µÆû ü½Î¨ ø¢ ø ü½Î¨ �¨ °þÂ��� SEX ø LAN .´¨� ùÀª ù¢�¢ ö�È÷ 2 ñøÀ� ¤¢¢�ªüõ ùÀû�Èõ �ûñ�Þµ�� ¢¤ø�Â� ü¨¤Â� �� .´¨� S = 6 ýÀ�þ�È�� ñøÀ� ý�û�÷�¡ ¢�Àã�0=25 ,ö� ßþÂµÈ�� ø ¶÷�õ Å�� ø üþ��÷�³¨� ö��¥ �µª¤ ¤¢ ,0=12 ñ�Þµ�� ¢¤ø�Â� ßþÂ�Ýî,FLAS �µ¨��� Â�çµõ ¤¢ ,�ûß�Ú÷��õ ¢¤ø�Â� ü¨¤Â� .´¨� ÂîÁõ Å�� ø ü÷�Þó� ö��¥ �µª¤ ¤¢ø ùÂÞ÷ ßþÂµÞî ý�¤�¢ À��îüõ �ãó�Îõ �¤ üþ��÷�³¨� ö��¥ �î ÂîÁõ ö�¥�õ�Ç÷�¢ Àû¢üõ ö�È÷°þÂ® .À�µÆû ùÂÞ÷ ßþÂµÈ�� ý�¤�¢ À��îüõ �ãó�Îõ �¤ ü÷�Þó� ö��¥ �î ¶÷�õ ö�¥�õ� Ç÷�¢ß�� Ó�ã® ¯�±�¤� ×þ (�̂ = 0=0591) ,HGPA ø FLAS �µ¨��� Â�çµõ ø¢ ß�� üÚµÆ±Þû2 Foreign Language Attitude S
ale3 Grad in The Foreign Language



109 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü÷�õ�¨ üõ�Âú� ö�Æ�� ,ýÂ�õ �ÞÏ�ê ùÀ�¨Â��Â� FLAS ü÷��¨Âð¤ ´ó�� ý�Â� Z ù¤�õ� 2 ñøÀ� �� ���� �� .Àû¢üõ ö�È÷ �¤ Â�çµõ ø¢üþ� ÷��� ,�µ¨��� ý�ûÂ�çµõ ,Àû¢üõ ö�È÷ ßþ� .À�µÆû �6=02 Â��Â� HGPA ø �2=828.À÷¤�¢ �¤ (GRD) ü±��Â� Â�çµõ üþ�ÚÈ��ýÂ�ð�¹�µ÷ ø ¶½� 4ý�Â� ��ä ü÷�Øõ ñÀõ ,�µÆÆð ø �µ¨��� ý�ûÂ�çµõ ý¤�¢Â� ß�� À÷��� ¤¢ Ýúõ ý�ûñÀõ ¥� üØþ¢��ø ,ñÀõ ßþ� ýÂ�ð¤�î�� Û��Æõ ¥� üØþ .´¨� ü±��Â� ø �µ¨��� �µÆ±Þû �µ¿�õ� ý�ûù¢�¢�ûö� öÀªÝð ¤¢ Â��õ Ûõ��ä ø �û¾¨�� üðÀªÝð ÝÆ�÷�ØõÉ�¿È� ø ùÀªÝð ý�û¾¨��ý�ûù¢�¢ öøÀ� ø �� üÞ¨� ø ü±��Â� ,�µ¨��� �µ¿�õ� ý�û¾¨�� ý�Â� ñÀõ ßþ� �ó�Öõ ßþ�¤¢ .´¨�âÏ�Ö� �Ü�¨ø�� ýÀ�þ�È�� ñøÀ� ×þ ,üÞ¨� ý�ûÂ�çµõ ñÀõ ßþ� ¤¢ .Àª ü¨¤Â� ùÀªÝðý�û�÷�¡ öø¤¢ �ûÂ�çµõ ßþ� �� ÂÒ��µõ ö�ú�� ø �µ¨��� ý�ûÂ�çµõ ø À�û¢üõ Û�ØÈ� ö�ª��Î¨ø �� üÞ¨� ø ü±��Â� ,�µ¨��� �µ¿�õ� ý�û¾¨�� ý�Â� ��ä ü÷�Øõ ñÀõ .À÷Â�ðüõ ¤�Âì ñøÀ�.À÷Â�ð ¤�Âì ©ø�î ¢¤�õ À�÷���üõ ùÀ�þ� ¤¢ �î À�µÆû ý¢¤��õ ùÀªÝð ý�ûù¢�¢ öøÀ�â��ÂõBahrami Samani, E., Ganjali, M. (2008), A Latent Variable Model for MixedContinuous and Ordinal Responses, Journal of Statisti
al Theory and Ap-pli
ations,Journal of Statisti
al, 7, 337-348.Cox, D. R. (1972), The Analysis of Multivariate Binary Data, Applied Statisti
s,21, 113-126.Cox, D. R, and Wermuth, N. (1992), Response Models for Mixed Binory andQuantitave Variables, Biometrika, 79, 441-461.Diggle, P. J. and Kenward, M. G. (1994), Informative Dropout in LongitudinalData Analysis. Journal of Applied Statisti
s, 43, 49-93.Fitzmauri
e, G. M. and Laird, N. M, (1995), Regresion Models for BivariateDis
rete and Continuous Out
ome with Clustering, Journal of the Ameri
anStatisti
al Asso
iation, 90, 845-852.
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