
www.SID.ir

Arc
hive

 of
 S

ID

1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ö�¡ ¤�Èê üó�Ï ý�ûù¢�¢ ¤¢ ü½Î¨ø¢ ýÀ��ñÀõ ¼þÂÈ�Âê¤�ð¢�þ Ý¨�ì ,üõ�è ÀÞ½õö�Âú� §¤Àõ ´��Â� ù�ÚÈ÷�¢ ,üµÆþ¥ ¤�õ� ùøÂðö�úÔ¬� üØª�� ��Üä ù�ÚÈ÷�¢ ,ý��ó��õÀ��� ø ¤�õ� ùøÂðßþ� ¤¢ .Àª��üõ üó�Ï ø �µÆ±Þû ý�ûù¢�¢ Û�Ü½� ¤¢ �¤�î üªø¤ ü½Î¨À�� Û�Ü½� ©ø¤Ûõ��ä Û�Ü½� ø �þ�¹� �� ,Û�Ü½� ßþ� ýÂÑ÷ ý�û�±�� ¼þÂÈ� Â� ùø�ä �� Ýþ¤�¢ üã¨ �ó�Öõý�û ùÀ÷øÂ� ¥� ù¢�Ôµ¨� �� ø ÂÚ÷�µªÁð �¤�Ê� ,üó�Ï ý�ãó�Îõ ×þ ¤¢ ö�¡ ¤�Èê Â� Â��õ.Ýþ¥�¢Â³� 80 �� 70 ý�ûñ�¨ üÏ ¤¢ ö�úÔ¬� ÛþÂî� üÜ� �÷�¡¤�î ¤¢ Ûè�ª Û�¨Â� üØª��üÜ� �÷�¡¤�î ,ÂÚ÷ �µªÁð üûøÂÚÞû �ãó�Îõ ,ü½Î¨À�� Û�Ü½� :ýÀ�Üî ý�ûù��ø.×�ó�µ¨�þ¢ ö�¡ ¤�Èê ,ÛþÂî��õÀÖõ 1Û��ì ü±��Âõ �ÜÆÜ¨ �þ ý� �ª�¡ ¤�µ¡�¨ üØþ��ó��� ��Üä ø ü÷�Æ÷� ��ãó�Îõ ¥� ý¤��Æ� ¤¢,ü�ø¤ ø üØþ��ê ��Ê¿Èõ à�½ó ¥� ù¢��÷�¡ ×þ ö�À÷¥Âê ,ñ�·õ ¤�Î� .Àª��üõ ùÀû�Èõö���ä �� ö�À÷¥Âê ñ�·õ ßþ� ¤¢).À�ª��üõ �ãõ�� ¢�Âê� ÂÚþ¢ �� ´±Æ÷ ýÂµÈ�� ´û�±ª ý�¤�¢¢�Âê� ´û�±ª ý¤�õ� �±�� ¥� (À÷�ªüõ �µêÂð ÂÑ÷ ¤¢ 2 ¼Î¨ ö���ä �� �ûù¢��÷�¡ ø ×þ ¼Î¨¥� À�µÆû ¤¢�õ ø ¤À� ×þ �� ÕÜãµõ �î ýÂÔ÷ ø¢ .Àª��üõ �ûù¢�¢ ö¢�±÷ ÛÖµÆõ Àþ�õ ÂÚþÀØþ ��ý¤�Þ�� ý�¤�¢ ù¢��÷�¡ ×þ À÷¥Âê Âð� ñ�·õ ý�Â� .℄1[À÷ÂÚþÀØþ À�÷�õ Íþ�Âª ¥� ý¤��Æ� à�½ó¤¢ �þ ø .À��þüõ Çþ��ê� ýø Âû��¡ ø ¤¢�Â� ¤¢ ´���³û ßµª�¢ ö�Øõ� Àª�� ´���³û À�÷�õ ü¬�¡�û�÷�Þ÷ ö�¡ ¤�Èê ,ö�¡ ¤�Èê Â� ¤�Áð Â�� ý�ûÂ�çµõ ýø¤ Â� ùÀª ¤�ÂØ� ý�û ù¥�À÷� ��ãó�ÎõÇ���£ Íþ�Âª ¢��ø ÂÏ�¿� ¢Âê Âû ö�¡ ¤�Èê �ÞÜÆõ .¢�ªüõ �µêÂð ù¥�À÷� ÓÜµ¿õ ý�ú÷�õ¥ ¤¢ý�ûù¥�À÷� �ä�Þ¹õ ñ�·õ ßþ� ¤¢ .Àª��üõ ö�õ¥ ñ�Ï ¤¢ ¢�¡ �� «�Ê¿õ ��Â��ç� ý�¤�¢À�ª��üõ ñø� ¼Î¨ ý�ûÀ��ø �÷�Þ÷ ý�Ìä� ¥� ×þ Âû ý�Â� ÓÜµ¿õ ý�ûö�õ¥ ¤¢ ùÀª �µêÂðý�ûù¥�À÷� �Â� �Ø�þ� ����� ¤¢ �õ� .À÷�ªüõ ÓþÂã� (�ûö�Æ÷�)�ø¢ ¼Î¨ ¥� ýÀ��ø Âû ý�Â� �îüÚµÆ±Þû �� ö���üõ ,À÷�ªüõ �µêÂð ÂÑ÷ ¤¢ ×þ ¼Î¨ ö���ä �� üó�Ï ��ãó�Îõ ¤¢ ý¤�ÂØ�299
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢á�÷ ßþ� ¥� üþ�ûüÚµÆ±Þû .¢�Þ÷ ö���ä �¤ ¢Âê ×þ �� «�¡ ÕÜã� ÂÏ�¡ �� ý¤�ÂØ� ��Àû�Èõý�Â� ��Þãõ ü½Î¨ À�� ��ó�÷� .À÷�ªüõ ùÀþ¢ ý� �÷��ª� ý�û¤�µ¡�¨ ¤¢ üãÎÖõ ý�û�ÂÏ ¤¢¤�î �� ,À÷��µêÂð ¤�Âì ¼Î¨ ×þ ¥� Ç�� ¤¢ �î üµÆþ¥ ø üä�Þµ�� ý�ûù¢�¢ Û�Ü½� ø �þ�¹�ùø�ä ö� ¤¢ �î Àª��üõ �µê�þÝ�Þã� üÎ¡ ý�ûñÀõ ¥� ùÀª ù¢�¢ ÍÆ� ´ó�� âì�ø ¤¢ ø ¢ø¤üõ�¤�î üªø¤ ,©ø¤ ßþ� .¢�ªüõ ýÀ��ñÀõ ��÷ ü÷��¨Âð¤ °þ�Â® ¾¨�� Â�çµõ ýÀ�� ñÀõ Â�Â� �µÆ��ø Â�çµõ ýÀ��ñÀõ ö� éÀû ø Àª��üõ ý��÷��ª� ¤�µ¡�¨ �� üþ�ûù¢�¢ ý¥�¨ñÀõ ¤¢ü½Î¨À�� ��ó�÷� .℄2[´¨� ¼Î¨ ×þ ¥� ÂµÈ�� ¤¢ (ÛÖµÆõ)�ÚÈ�� ý�ûÂ�çµõ ¥� üã��� §�¨��� ý�ûñÀõ ø üê¢�Ê� °þ�Â® �� ý�ûñÀõ ,ý��÷��ª� üÎ¡ ý�ûñÀõ Â�Ñ÷ ýÂÚþ¢ üõ�¨� ��¤ ÂØõ ù¥�À÷� �ÂÏ �� ü½Î¨À�� Û�Ü½� ©ø¤ ý�þ��õ ¥� .¢�ªüõ �µ¡��ª ��÷ üê¢�Ê� ��Â��¥��÷ öøÀ� ñÀõ ©¥�Â� ¤¢ ùÀÈÞð ý�ûù¢�¢ ÛÞ½� �¤Àì �� ö���üõ üó�Ï ý�ûù¢�¢ Û�Ü½� ¤¢ý�Â� ý¢Âê ø üãÞ� ñÀõ ���¤� ø üÎ�½õ ��Â�� ñÂµ�î ,�û ù¢�¢ ö¢�¢ ´¨¢ ¥� �þ ø ¢¤ø�Â� ��¼Î¨ ÓþÂã� ,ü½Î¨À�� Û�Ü½� ¤¢ Ýúõ ����¬� ¥� üØþ �õ� .¢�Þ÷ ù¤�ª� �ãó�Îõ ¢¤�õ ¢�Âê�â�Þ�� ù��½�÷ Í�̈ ��� Â���ç�µ�õ ×�þ ¼�Î�̈ .À�ª���ü�õ ý���÷����ª� ý��ûù¢�¢ ¥� ü����� ¼�Î�̈ .À�ª���ü�õ℄1[.Àª��üõ �ûù¢�¢ ý¤ø� âÞ� âÎÖõ ,¼Î¨ âì�ø ¤¢ ø .¢�ªüõ É¿Èõ �ûù¢�¢ ý¤ø�ü½Î¨ ø¢ ñÀõ 2ý�ùÀª ù¢�¢ ÍÆ� ´ó�� ©ø¤ ßþ� ,Ýþ¢�Þ÷ ö��� ü½Î¨ À�� Û�Ü½� ÓþÂã� ¤¢ �î �÷�Ú÷�Þû°�þ�Â�® ,¾�¨��� Â���ç�µ�õ ýÀ����ñÀ�õ Â�� ùø��ä ö� ¤¢ ��î ´�¨� ��µ�ê��þÝ���Þ�ã�� ü�Î�¡ ý��ûñÀ�õ ¥�1 �ó¢�ãõ °ó�ì ¤¢ À�÷���üõ �¤ ÓþÂã� ßþ� ßþ¢�Þ÷ ´ó�� .À÷�ªüõ ýÀ��ñÀõ ��÷ ü÷��¨Âð¤
W1, · · · ,Wn üØÞî Â�çµõ n ß��»Þû øX1, · · · , Xk üØÞî Â�çµõ K�� Y ¾¨�� Â�çµõ ý�Â�´ó�� ¤¢ �¤ ñÀõ ßþ� ���®Âê ��÷ 2 �ó¢�ãõ .À�þ�Þ÷ ùÀû�Èõ ×þ ¼Î¨ °þ�Â® ¼�®�� ´ú�.À�îüõ ö��� üÜî
level 1:

Yij = β0j + β1jX1ij + β2jX2ij + · · ·+ βkjXkij + eij (1)

Level 2:

β0j = γ00 + γ01W1j + γ02W2j + · · ·+ γ0nWnj + u0j

β1j = γ10 + γ11W1j + γ12W2j + · · ·+ γ0nW1j + u1j300
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢
...

βkj = γk0 + γk1W1j + γk2W2j + · · ·+ γknWnj + u0j

U =




u0j

u1j
...

ukj



≈ N(0, G) , G =




σ2
u0 σ01 · · · σ0k

σ01 σ2
u1 · · · σ1k

...
... . . .

...

σ0k σ1k · · · σ2
uk




(2)

e0ij ≈ N(0, R) , Cov(U, e) = 0ö����̈ Â�ð¤ ñÀ�õ ¥� ü�ä��÷ ����±�ª (level 1) ñÀ�õ ×�þ ¼�Î�̈ ,´�̈ � É�¿�È�õ ��î ��÷��Ú�÷��Þ�ûý�ûÂ�çµõ �� ü÷��¨Âð¤ °þ�Â® ¯�±�¤� ù�½÷ ùÀ�û¢ ö�È÷ (Level 2) ö� �ø¢ ´ÞÆì ø ,�÷�ðÀ���ø¢ ¼Î¨ Â�çµõ ¥� üã��� ¢�¡ �ûÀ±õ ¥� ­Âä ø �û°�ª �Ø�þ� ü�ãþ ßþ� ø .Àª��üõ ø¢ ¼Î¨�Î¡ â±�õ Â� ùø�ä ,©ø¤ ßþ� ¤¢ ´¨� É¿Èõ 1�ó¢�ãõ ¤¢ �î �÷�Ú÷�Þû .Àª��üõ W ü�ãþÇþ�Þ÷ Â� ùø�ä 2ø 1 ��¢�ãõ �Âê �� ö��� .Àª��üõ ¢���õ ñÀõ ¤¢u0, u1, · · · , uk â±�õ ,eý�� �� .Àû¢ üõ Çþ�Þ÷ ��÷ �¤ ñÀõ ü½Î¨À�� ´�û�õ �µÆ��ø ø ÛÖµÆõ ý�ûÂ�çµõ �Þû¼Î¨ Û¡�¢ ¤¢ �¤ ñÀõ ýø¢ ¼Î¨ ý�ûÇ¿� Ý�÷���üõ ,ü��¢�ãõ ÝµÆ�¨ ß��� ¥� ù¢�Ôµ¨�.Ý���þ ´¨¢ 3�Âê �� ý��ó¢�ãõ �� ý¥�¨°�Âõ ¥� Å� ø ù¢Âî ý¤�ÁÚþ�� ×þ
Yij =

k∑

x=1 n∑

y=0 γxyXxij

︸ ︷︷ ︸´��� ´ÞÆì +

k∑

x=1uxjXxij + u0j + eij

︸ ︷︷ ︸üê¢�Ê� ´ÞÆì (3)ö���üõ �ÜÞ� ö� ¥� �î .Àª��üõ 1 �Âê �� ´±Æ÷ üþ�þ��õ ý�¤�¢ 3 �Âê �� ý¤�õ� ñÀõ ���¤�ö¢��� ×�þ¢��÷ ����÷ ø ü�ê¢��Ê�� ø ù¢��̈ ��Â��� Â��ù¢��̈ ß�����ã�� ,ñÀ�õ ����¤� ù��½�÷ ö¢��� Â��ù¢Â�È�ê ���ùÀª ö��� ý�þ��õ Ýì¤ üÜä �õ� .¢�Þ÷ ù¤�ª� ý¤�õ� ñø�Àµõ ý�û¤��ê��Â÷ ü�øÂ¡ �� ñÀõ ßþ�ü�Ü�î ´�ó��� ¤¢ .À�ª���ü�õ Û�Ø�È�õ ¤����Æ�� �Â�ê ß�þ� ��� ö����� ¤¢ ñÀ�õ ���Î�̈ Â���Æ�Ô�� ø É���¿�È��.´ª�÷ 4 �ó¢�ãõ �Âê �� ø üÆþÂ��õ �¤�Ê� �¤ 3 �ó¢�ãõ ö���üõ
y = Xα+ Zβ + e (4)ý�Â� ÛÖµÆõ ��Àû�Èõ ÅþÂ��õ Z ,´��� ��Â�� ý�Â� ÛÖµÆõ ��Àû�Èõ X ÅþÂ��õ ö� ¤¢ �î

e ´�þ��ú�÷ ¤¢ ø ñÀ�õ ü�ê¢��Ê�� °�þ�Â�® ¤�¢Â�� β ,ñÀ�õ ´����� °�þ�Â�® ¤�¢Â�� α ,ü�ê¢��Ê�� ��Â���.Àª��üõ ñÀõ ý�Î¡301
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ñÀõ ©¥�Â� ý�û©ø¤ 3ý�û�Ôó�õ ,´��� °þ�Â® :Âµõ�¤�� á�÷ �¨ ¢¤ø�Â� �� À�õ �ì�ä �õ ü½Î¨ À�� ý�ûñÀõ ¤¢���� Àþ�� .Ý�µÆû ñÀõ (Å÷�þ¤��î ø Å÷�þ¤�ø) üðÀ�î�Â� ý�ûÂµõ�¤�� ß��»Þû ø üê¢�Ê�ùÀ�û��È�õ Û����ì Â���è ü�þ��û��Ô�ó��õ ü���ã�þ .À���ª���ü�õ ö��ú���� ü�±�þ�Â�® ü�ê¢��Ê�� °�þ�Â�® ��î ¢��Þ�÷Û����ì °�þ�Â�® ß�þ� ,ö¢��� ùÀ�û��È�õ Û����ìÂ���è Ý�è¤ ü�Ü�ä ��÷��µ�¿�±�ª��¡ .Ý�µ�Æ���̈ Â�� ¤�Á�ð Â��� ü�óø©ø¤ ,(ML) ÝÞþ�î�õ üþ�Þ�µ¨¤¢ ©ø¤ �� Ý�÷���üõ ¢¤ø�Â� ý�û ©ø¤ ¥� .À�ª��üõ ¢¤ø�Â�Ý���Þ�ã�� ���ã��Â�õ Û�ì�À�� ý¤�Â�Ø�� ¢¤ø�Â�� ©ø¤ (REML)1Ý�Þ�þ��î��õ ü�þ��Þ���µ�¨¤¢ ùÀ�÷��Þ���ì���,(RIGLS) 3ùÀª ¢øÀ½õ �µê�þ Ý�Þã� ��ã�Âõ Ûì�À� ý¤�ÂØ� ¢¤ø�Â� ©ø¤ ,(IGLS)2�µê�þ´�÷��õ ý��û©ø¤ ø (GEE)4��µ�ê��þ Ý���Þ�ã�� ü����þ ¢¤ø�Â�� ��¢��ã�õ ©ø¤ ,ý����� ý��û©ø¤ö�µõ ¥� ü¡Â� ¤¢ �î ÝÞþ�î�õ üþ�Þ÷´¨¤¢ ùÀ÷�Þ�ì�� ©ø¤ .Ý�þ�Þ÷ ù¤�ª� (MCMC)üþ�ó¤�îö� ¤¢ �î Àª��üõ ML ©ø¤ ö�Þû âì�ø ¤¢ ¢�ªüõ �µÔð ��÷ 5À�Öõ üþ�Þ�µ¨¤¢ ©ø¤ ö� ��ø¢ ��� ö����ü�õ MLE ©ø¤ ��� REML ©ø¤ ý��þ���õ ¥� .´�̈ � ùÀ�ª ���¬� ü�þ��Þ���µ�̈ ¤¢ â�������¤¢ öÀª Û�¡¢ ø ñÀõ ´��� ��Â�� ¢¤ø�Â� �� ñÀõ Å÷�þ¤�ø ý�û�Ôó�õ üÚµÆ��ø �Àä �µØ÷©ø¤ ¤¢ .(℄5[ø℄4[)¢�Þ÷ ù¤�ª� Å÷�þ¤�ø ý�û�Ôó�õ ¢¤ø�Â� ¤¢ ñÀõ ´��� ��Â�� ¢¤ø�Â� ý¢�¥�§�¨� Â� ñÀõ üê¢�Ê� ø ´��� ��Â�� ¢¤ø�Â� .´¡�¢Â� Ý�û��¡ ö� �� 1.3 Ç¿� ¤¢ �î IGLS©ø¤ ßþ� ¥� ùÀõ� ´¨¢ �� ¸þ�µ÷ �î ´¨� Âî£ ö�þ�ª .À÷¢Âðüõ �±¨�½õ ý¤�ÂØ� ©ø¤ ×þ�� .Àª��üõ IGLS ©ø¤ À�÷�õ ��÷ RIGLS ©ø¤ �±¨�½õ ù�½÷ .Àª��üõ ML ©ø¤ ���Èõ�ó¢�ãõ ¥� ù¢�Ôµ¨� ý�� �� ñÀõ Å÷�þ¤��î�Å÷�þ¤�ø ÅþÂ��õ �Ôó�õ �±¨�½õ ¤¢ �î �ø�Ô� ßþ�ß�þ� ¤¢ .¢��ªü�õ ù¢Â�� ùÂ�ú�� (y −Xα̂)(y −Xα̂)′ = V −X(X ′V −1X)−1X ′ ��ó¢��ã�õ ¥� 7á�Þ¹õ ¥� �î .Àª��üõ ñÀõ ´��� °þ�Â® Å÷�þ¤�ø âì�ø ¤¢ X(X ′V −1X)−1X ′ �Ôó�õ ©ø¤ø¤ ßþ� ¥� .¢�ªüõ ñÀõ Å÷�þ¤�ø ý�û¢¤ø�Â� ü±þ¤��÷ ¶ä�� ø ùÀª Ýî Ûî Å÷�þ¤�ø ÅþÂ��õ℄1[.Àª��üõ REML ©ø¤ �� ñ¢�ãõ RIGLS ©ø¤ ¤¢ ùÀª �±¨�½õ ý�û¢¤ø�Â�ßþ� ¤¢ . Ý�þ�Þ÷ ù¤�ª� ý��� üÎ¡ ñÀõ ý�û ©ø¤ �� Ý�÷��� üõ ¢¤ø�Â� ý�û ©ø¤ ÂÚþ¢ ¥�ø ùÀ�ª ��µ�êÂ�ð Â�Ñ�÷ ¤¢ σ2u Å�÷��þ ¤�ø ��� ß���È���� â�þ¥��� ×�þ βj °�þ�Â�® ¥� ×�þ Â�û ý�Â�� ©ø¤×�� ×�� ý�Â�� Û�õ��î ý����� ý��û¢¤ø�Â�� ©ø¤ ¤¢ .¢��ªü�õ ��±�¨��½�õ ö� §��¨� Â�� ��û¢¤ø�Â��
1Residual Maximum Likelihood Estimation

2Iterative generalized least squares

3Restricted iterative generalized least squares

4Generalized Estimating Equations

5Restricted Maximum Likelihood Estimation302
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ü��þ¢¤ø�Â� ø ùÀª �µêÂð ÂÑ÷ ¤¢ ß�È�� âþ¥�� ×þ σ2u ø βj À�÷�õ üê¢�Ê� ø ´��� °þ�Â®,üê¢�Ê� ø ´��� °þ�Â® âþ¥�� ý�Â� ñ�õÂ÷ ­Âê ö¢�¢ ¤�Âì �� .¢�ªüõ ��¹÷� ö� §�¨� Â�üØþ�Â� .Àª Àû��¡ RIGLS ø IGLS ©ø¤ ý�û¢¤ø�Â� ���Èõ �õ�î ý��� ©ø¤ ý�û¢¤ø�Â�¼���®��� ü�þ��û¢¤ø�Â�� ß������ ��±�̈ ��½�õ ý�Â�� �¤ EM Ý�µ�þ ¤��Ú�ó� ¥� ù¢��Ô�µ�̈ � ù��½�÷ ℄6[ ©���ö¢�¤ ø
GEE �µê�þ Ý�Þã� ý¢¤ø�Â� ��¢�ãõ ©ø¤ �� Ý�÷���üõ ¢¤ø�Â� ý�û©ø¤ ¥� ß��»Þû .À÷�ù¢�¢��� V Å�÷��þ ¤�ø Å�þÂ����õ ¢¤ø�Â�� ¤¢ ��û©ø¤ Â�Ú�þ¢ ��� ��û GEE ü�Ü�¬� �ø��Ô�� .℄7[¢��Þ�÷ ù¤��ª�ßþ� .Àª��üõ ��¡ ý�ûùÀ÷�Þ�ì�� �þ�� Â� ý¤ø�µÈð ÛÞãó�¤�µ¨¢ �þ ý¢�ä ö��¨Âð¤ ¥� ù¢�Ôµ¨�ü�ê¢��Ê�� ��Â��� ü�̈ ¤ Â�� ��� �́̈ � ñÀ�õ �́���� ��Â��� �́̈ ¤¢ ¢¤ø�Â�� Â�Ø�ê ¤¢ Â�µ�È���� ¢¤ø�Â�� ©ø¤¥� .À�ª��üõ Àõ�¤�î �õ�î �÷ ø ¤�ð¥�¨ ©ø¤ ßþ� Í¨�� ùÀª ���¤� ý�û¢¤ø�Â� ßþ�Â���� .ñÀõÅ�þÂ����õ ¢¤��õ ¤¢ Â�µ�Þ�î ���®øÂ�Ô�õ ��� ø â�þÂ�¨ ¢¤ø�Â�� ��� ö����ü�õ ,GEE �����¬��Ê�¡ Â�Ú�þ¢��±���ð ýÂ���ð��÷��Þ�÷ ��¬��Ê�¡ ü�þ��ó¤��î �́÷��õ ý��û©ø¤ ¥� ö��þ��� ¤¢ ø .¢��Þ�÷ ù¤��ª� V Å�÷��þ ¤�øÕ���ì¢ ý��û¢¤ø�Â�� ��� ü������µ�¨¢ ´�ú�� ¤¢ ö����ü�õ ,À�ª��� Ý�î ��÷��Þ�÷ Ý�¹�� ��î ü������ ý�Â��,R ø (ü�Ê�Ê�¿�� ý��û¤���ê��Â�÷ ö�����ä ���) HLM ,MLwiN ý��û¤���ê� �Â�÷ .℄8[¢��Þ�÷ ù¢��Ô�µ�¨�´���Ü����ì(ü�õ��Þ�ä ý��û¤���ê� �Â�÷ ö�����ä ���)Mplus ø Stata ,LISREL ,SPSS,SAS,SPLUS
IGLS ©ø¤ ¼�®�� �� �õ�¢� ¤¢ ,À�ª��üõ �¤�¢ �¤ ñ�õÂ÷ ¾¨�� �� ü½Î¨À�� ý�ûñÀõ ©¥�Â�.´¡�¢Â� Ý�û��¡ MLwiN ¤��ê� �Â÷ ñÀõ ©¥�Â� ©ø¤ ö���ä ��

(IGLS) �µê�þ Ý�Þã� ��ã�Âõ Ûì�À� ý¤�ÂØ� ¢¤ø�Â� ©ø¤ 1�3§�¨� Â� ñÀõ Å÷�þ¤�ø ý�û�Ôó�õ ø ´��� ��Â�� ¢¤ø�Â� IGLS ©ø¤ ¤¢ Àª �µÔð �î �÷�Ú÷�Þû�� ´¨� Â��Â� ¾¨�� Â�çµõ Å÷�þ¤�ø ,�Þ�Þ® Ç¿� Õ±Ï .À÷�ªüõ �±¨�½õ ý¤�ÂØ� ©ø¤ ×þÝ�ÆÖ� (ZGZ ′) ý� �ª�¡ ß�� ��Â��ç� ø (R) �Î¡ ´ÞÆì ø¢ �� ¢�¡ Å÷�þ¤�ø ßþ� �î Vø ùÀ�ª Ý�î ¾�̈ ��� Â���ç�µ�õ ¥� ø ùÀ�þ¢Â�ð ¢¤ø�Â�� (α) ñÀ�õ �́���� °�þ�Â�® ��î ü��¤��¬ ¤¢ .¢��ªü�õßþ� ü®�þ¤ À�õ� �î Àþ� üõ ´¨¢ �� üÆþÂ��õ .¢�ª �±¨�½õ �ú÷� ü�¤�¡ �ÂÌÜ¬�� Å³¨ý�Î¡ ¤�¢Â� y −Xα̂ �î ¢�Þ÷ ���� �µØ÷ ßþ� �� Àþ�� .℄9[Àª��üõ V ÅþÂ��õ �� Â��Â� ÅþÂ��õ¤�Âì ýø�Æõ �� IGLS ©ø¤ ¤¢ .Àª��üõ y −Xα̂− Zβ̂ ñÀõ ý�Î¡ ¤�¢Â� �Âþ¥ .´Æ�÷ ñÀõüÎ¡ ��¢�ãõ Û� ø V ÅþÂ��õ �� (y − α̂)(y −Xα̂)′ ü�¤�¡ �ÂÌÜ¬�� ÅþÂ��õ ö¢�¢¢�ªüõ �µ¡�¢Â� ñÀõ Å÷�þ¤�ø ÅþÂ��õ ý�û�Ôó�õ �±¨�½õ �� ý¤�ÂØ� ©ø¤ ¥� ù¢�Ôµ¨� �� ,����Â��Â� α ÝÞþ�î�õ üþ�Þ�µ¨¤¢ ¢¤ø�Â� ´¨� ùÀª ´��� �Þ�Þ® 2 Ç¿� ¤¢ �î �÷�Ú÷�Þû .℄9[303
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�� ´¨�
α̂ = (X ′V −1X)−1X ′V −1y (5)¢¤ø�Â�� ¥� ü�ã����� ¢��¡ ñÀ�õ �́���� °�þ�Â�® ¢¤ø�Â�� �́̈ � É�¿�È�õ 5 ��ó¢��ã�õ ¤¢ ��î ��÷��Ú�÷��Þ�û¢�±÷ ­Âê �� α̂ ��óø� ¢¤ø�Â� ý�Â� IGLS ©ø¤ ¤¢ .Àª��üõ V Å÷�þ¤��î�Å÷�þ¤�ø ÅþÂ��õ6 �ó¢�ãõ �¤�¬ �� α̂ ,�Î¡ �Ôó�õ ¢��ø �� �ú�� ø G = 0 Å÷�þ¤��î�Å÷�þ¤�ø �Ôó�õ �÷�Ú»�û.¢�ªüõ ¢¤ø�Â�

α̂ = (X ′X)−1X ′y (6)�ó¢�ãõ Û� ø (7 �ó¢�ãõ) y −Xα̂ ü�¤�¡ �ÂÌÜ¬�� ÅþÂ��õ ö¢�¢ ¤�Âì ýø�Æõ �� Å³¨.Àþ�üõ ´¨¢ �� V ñÀõ Å÷�þ¤��î�Å÷�þ¤�ø ÅþÂ��õ ý�û�Ôó�õ ¢¤ø�Â� ö� ����
(y −Xα̂(y −Xα̂)′ = V (7)¥� 7 ��¢�ãõ ù�Úµ¨¢ ¥� ù¢�Ôµ¨� �� V Å÷�þ¤��î�Å÷�þ¤�ø ÅþÂ��õ ý�û�Ôó�õ ¢¤ø�Â� ¥� Å�

α̂ ¢¤ø�Â� ¥� Å� �î ´¨� ü�ãõ ßþÀ� ßþ� ¢�ªüõ �±¨�½õ 5 �ó¢�ãõ ¥� α̂ Àã� �� �Ü�Âõ ßþ��� ö� ¢¤ø�Â� ø ùÀª �±¨�½õ �÷ ¥� ñÀõ Å÷�þ¤��î�Å÷�þ¤�ø ÅþÂ��õ ý�û�Ôó�õ 7 �ó¢�ãõ ¤¢ÀþÀ� V ¢¤ø�Â� ¥� ù¢�Ôµ¨� �� ù¤��ø¢ ¥�� α̂ �±¨�½õ ÛÞä.¢¢Âðüõ ý¤�ÁÚþ�� V ÅþÂ��õ ý���� üþ�û©¥�Â� �� �î Ý�û¢üõ �õ�¢� üþ�� �� �¤ V̂ ø α̂ ¢¤ø�Â� ý¤�ÂØ� ÛÞä .Àþ�üõ ´¨¢ ��.Ý���þ ´¨¢ ¢�¡ ÂÑ÷ ¢¤�õ ´ì¢ñÀõ üê¢�Ê� ��Â�� ¢¤ø�Â� 2�3¥� �û¢¤ø�Â� ßþ� ø ¢�ªüõ ñ�Þä� üµ�ó�õÂ÷ ­Âê üê¢�Ê� ��Â�� ¢¤ø�Â� ý�Â� �Ø�þ� �� ���� ��ø Å÷�þ¤�ø ý�ûÂµõ�¤�� ö¢¤ø� ´¨¢ �� �� À�µÆ�÷ ¢¤ø�Â� Û��ì Ý�ÖµÆõ ¤�Ï �� IGLS ÕþÂÏüê¢�Ê� ��Â�� ¢¤ø�Â� ý�Â� �î üþ�ûñ�õÂê ¥� ù¢�Ôµ¨� �� ø IGLS ©ø¤ ÕþÂÏ ¥� ´��� ��Â��¥� ´Æ�¤�±ä ñÀõ üê¢�Ê� ��Â�� ¢¤ø�Â� ´¨�ùÀª ´��� �Þ�Þ® ��¨ Ç¿� MLE ©ø¤ ¥�
β̂ = GZ ′V −1(y −Xa)�� ´¨� Â��Â� Âð ¢¤ø�Â� ßþ� Å÷�þ¤�ø ø

var(β̂) = GZV −1ZG−GZ ′V −1X(X ′V −1X)−1X ′V −1ZG304
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢:ñÀõ ´þ�Ôî ý�ûÉ¡�ª ø �ûÂµõ�¤�� ö�õ¥� ý�û ©ø¤ 3�3ø é�Â��½��÷� ù¤���õ�,ü��þ���Þ�����µ��¨¤¢ ´��±��Æ��÷ ö���õ¥� ¥� ñÀ��õ °��þ�Â��® ý¤���õ� ´��Æ��� ¤���Ñ�����õ �����¤���¬ ���� ���î 6(AIC)×���������î � á���Ï� ¤������ã��õ ¥� ñÀ��õ ����¿��µ��÷� ¤���Ñ�����õ ���� ø À��ó�ø ù¤���õ���� ��î (BIC)7ý����� á��Ï� ¤����ã�õ ��þ ø AIC = −2Ln L + 2K ��þ AIC = −Ln L +Küþ�Þ�ð¤�� â��� L).Ý��îüõ ù¢�Ôµ¨� ¢�ªüõ ÓþÂã� BIC = −2Ln L + p Ln(n) �¤�¬ñÀõ ©¥�Â� ý�Â� ýÂ�°¨��õ ñÀõ Àª�� ýÂµÞî BIC �þ AIC ý�¤�¢ �î üóÀõ Âû (Àª��üõ¤����Æ�� ü�½�Î�̈ À���� ý��ûù¢�¢ Û���Ü�½�� ¤¢ ��î ýÂ�Ú�þ¢ É�¡��ª .℄10[ À�ª���ü�õ ��ûù¢�¢ ýø¤ Â��ý��ª�¡ öø¤¢ ý�ûù¢�¢ ö¢�� �µÆ±Þû ¥� üÊ¡�ª ¤��ãõ ßþ� .Àª��üõ ICC8 Àª��üõ °¨��õ¢���õ Å÷�þ¤�ø Ûî �� ý��ª�¡ ß�� Å÷�þ¤�ø ´�Æ÷ ¥� ´Æ�¤�±ä ø Àª��üõ
ICC =

σ2u0
σ2u0 + σ2e�� É¡�ª ßþ� ý¢Àä ¤�ÀÖõ ��Âû .Àþ�Þ÷üõ ©¤��ð �¤ �ûù¢�¢ üÚµÆ±Þû ��¤¢ É¡�ª ßþ�Û�Ü½� ý�Â� ü±¨��õ ñÀõ ü½Î¨À�� ýÀ��ñÀõ �î ´¨� ßþ� ý��ãõ �� Àª�� Â�×þ¢�÷ ×þ.Àª��üõÂ��õ Ûõ��ä ß��ã� ý�Â� ü½Î¨ø¢ ýÀ�� ñÀõ ýÂ�ð¤�î �� 4: ö�¡ ¤�Èê Â�¤¢ Ý�û ø ��µ�ê��þ ��ã�¨��� ý��û¤��È�î ¤¢ Ý�û ´�õ��¨ Û����Æ�õ ß�þÂ�µ�ð¤��� ¥� ü�Ø�þ ö��¡ ý¤��È�êÂ��ø üþ�¨��ª Û��ì üð¢�¨ �� ñ�� ß�ä ¤¢ ø ´õ�ä ü� ,âþ�ª ÛØÈõ ßþ� .´¨� �ã¨�� ñ���Ö�ì¢ ¥��û ö� üþ�¥ ÂÎ¡ ���÷�Øõ ÝÜä öø�ê� ¥ø ¤ ´êÂÈ�� Ýè¤ üÜä �î .´¨� ÂþÁ� ö�õ¤¢Û�õ���ä ¥� .¢��ªü�õ ùÀ���È�î ­¤���ä ¢��¹�þ� °�±�̈ ö��õ¤¢ �À�ä �¤��¬ ¤¢ ø ´�̈ �ùÀ�È�÷ ß�ªø¤ß�þ�� Àó�� ö¥ø , ´�Æ�� , ×�µ÷� ,¢�Ä÷ ,ß¨ À�÷�õ üÜõ��ä �� ö���üõ ö�¡ ¤�Èê Â� Â��õ,ý��þÁç� Íþ�Âª ,ÛØó� éÂÊõ ,üì�� ß��»Þû ø ��¬� Û��ì Â�è Ûõ��ä ö���ä �� · · · ø

6Akaike Information Criterion

7Bayesian Information Criterion

8Intra Class Correlation 305
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢Û�õ���ä ø ü�Î���½�õ ý��û§Â�µ�̈ � ,á��Ô��¤� ø �¤�Â�� ���¤¢ Â���Ñ�÷ ü�Î���½�õ Í�þ�Â�ª ,ü�÷À�� �́��ó��ã�êø Â�¨ ��� ��ú�����õ Â���Ñ�÷ ü�Ü�ç�ª Ó�Ü�µ�¿�õ ý��û��ú�����õ ,ý¤��î ´����÷ ¤¢ ¤��î ,ü�ä��Þ�µ����ü�÷�ø ¤ý�ûù¢�¢ .℄11[¢�Þ÷ ù¤�ª� ��¬� Û��ì Ûõ��ä ö���ä �� · · · ø �Â¨ �� �ú���õ ,¢�þ¥ ý�À¬ÛþÂî� üÜ� ¤¢ Ûè�ª ö��î¤�î üØª�� ý�ûùÀ÷øÂ� �� �ã��Âõ �� �ãó�Îõ ßþ� ¤¢ ùÀª ù¢�Ôµ¨�ßþ� ¤¢ ÂÑ÷ ¢¤�õ ùøÂÚÞû ¢�Àã� .´¨�ùÀª ý¤ø� âÞ� 87 �� 70 ý�ûñ�¨ üÏ ¤¢ ö�úÔ¬�ü�Þ�¨¤ Â���è ��þ ø ü�Þ�¨¤ ��À�¿�µ�¨� ��ã�ó��Î�õ ��� ¢Â�ê ×�þ ¢ø¤ø ¤����ã�õ .¢��� Â�Ô�÷ 1017 ��ã�ó��Î�õ¤��ãõ ø üØª�� ùÀ÷øÂ� ¤¢ «�¡ ý¤�Þ�� ´±� �Àä ¯Âª �� 87 �� 70 ý�úó�¨ üÏ ¤¢ ¢ÂêÂ���ç�µ�õ .À�ª���ü�õ ��ã�ó��Î�õ ¥� ü�÷��õ¥ Â�û ¤¢ ö��¡ ¤��È�ê Ç�û��î ý��ûø ¤�¢ ¥� ù¢��Ô�µ�¨� ö� �øÂ�¡,´���Æ���� ,ß�¨ ,BMI ý��ûÂ���ç�µ�õ ß�����»�Þ�û ø ×���ó��µ�¨��þ¢ ö��¡ ¤��È�ê ��ã�ó��Î�õ ß�þ� ¤¢ ¾�¨���ý�ûÂ�çµõ ö���ä �� ��À¿µ¨� á�÷ ,´�ó�ãê á�÷ ,���Ê½� ö���õ ,Ûû�b� ´�ã®ø ,ý¤�Øµ��÷ý�û�µÆ� �Ü�¨ø �� �ÂÏ ßþ� ý�ûù¢�¢ Û�Ü½� ø �þ�¹� .À÷�ùÀª �µêÂð ÂÑ÷ ¤¢ ùÀ�û¢ ¼�®��¢�Àã� �ãó�Îõ ßþ� ¤¢ ùÀ��î ´îÂª ÂÔ÷ 1017 ¥� .´Èð ��¹÷� SPSS ø MLwiN ý¤��ê� �Â÷573 ¢�Àã� ´�ãÞ� ßþ� ¤¢ .À÷¢�� ¢Âõ (%97/8) ÂÔ÷ 995 ¢�Àã� ø ö¥ (%2/2)ÂÔ÷ 22¢�Àã� .À÷¢�¢üõ Û�ØÈ� Ûû�µõ ¢�Âê� �¤ (%43/6) ÂÔ÷ 443 ¢�Àã� ø ¢Â¹õ (%56/3)ÂÔ÷.À�÷¢��� ý¤�¢� Â���è Û�ç�ª ý�¤�¢ (%93/3) Â�Ô�÷ 949 ¢�À�ã�� ø ý¤�¢� ¤��î (%6/7) Â�Ô�÷ 68�¤��Ê�� (%17/2) 175 ø ý¢�¢¤�Â�ì �¤��Ê�� (%82/8) Â�Ô�÷ 842 ��ã�ó��Î�õ ¢¤��õ ¢�Â�ê� ¥�ö���ÞÏ� �Ü¬�ê �� 0/0432 (0/009) ö�À÷¥Âê ¢�Àã� ß�Ú÷��õ .À÷¢�� ùÀª ��À¿µ¨� üÞ¨¤¥� ¢�� �¤�±ä �ãó�Îõ ¤¢ ö�ðÀ��î ´îÂª ���Ê½� ¼Î¨ âþ¥��.¢�� (0/0243,0/0603)ë�ê ���Ê½� (%48/2) ÂÔ÷ 490 ø ÝÜ³þ¢ (%46/8)ÂÔ÷ 476 ,ÝÜ³þ¢ Âþ¥ (%4) ÂÔ÷ 4158 (%6) ¤�Øµ��÷ø¢ ,ÂÔ÷ 508 (%54) ¤�î¥ø¤ ùøÂð �¨ ¤¢ �ãó�Îõ ¢¤�õ ¢�Âê� ��� �� ÝÜ³þ¢ý�Â� ùÀû�Èõ ¤�ÂØ� ¢�Àã� ß�Ú÷��õ .À÷¢�� ùÀª ýÀ�� �µ¨¢ ÂÔ÷ 376 (%40) ¤�Øµ��÷ �¨ ø ÂÔ÷Å� ß��»Þû .¢�� 4 �÷��õ �� (4/26,4/46) ö���ÞÏ� �Ü¬�ê �� 4/36 (%0/05) ÂÔ÷ ÂûÂÔ÷ 281 ,¢Â¹õ (%64/8) ÂÔ÷ 573 �î ¤�Âì ßþ� �� ¸þ�µ÷ ��ø¢¥� ´�ã®ø Â�çµõ ´¡�¨ ¥�.À÷¢�� À÷¥Âê ×þ ¥� Ç�� �� Ûû�µõ (%3/3) ÂÔ÷ 29 �µþ�ú÷ ø À÷¥Âê ×þ �� Ûû�µõ (%31/8)©¥�Â� ßþ� ×þ ¼Î¨ .Ýþ¢�¢ ©¥�Â� �¤ üê¢�Ê� �À±õ ¥� ­Âä �� ñÀõ �Àµ�� , ñÀõ ©¥�Â� ý�Â�¤¢ À�÷���üõ �¤ ñÀõ ßþ� üØ�ê�Âð ¤�¢�Þ÷ .Àª �µêÂð ÂÑ÷ ¤¢ ö�Âð¤�î ø¢ ¼Î¨ ø ��Àû�Èõ ,. À�þ�Þ÷ ùÀû�Èõ 1 ÛØª
306
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ü½Î¨ ø¢ ñÀõ ©¥�Â� ¤¢ �ãó�Îõ ��Î¨ Çþ�Þ÷ :1 ÛØª.Àª��üõ ö�õ¥ ñ�Ï ¤¢ ��Àû�Èõ ùÀ�û¢ Çþ�Þ÷ M ø ö�Âð¤�î ùÀ�þ�Þ÷ S

ö¢�� ÂÔ¬ ­Âê ß��»Þû .¢�� %30 Â��Â� �ãó�Îõ ßþ� ¤¢ ùÀõ� ´¨À� ICC ý¢Àä ¤�ÀÖõÉ¡�ª ø¢ ßþ� .(p < 0/001) Àþ¢Âð ¢¤ ×�ó�µ¨�þ¢ ö�¡ ¤�Èê ý�Â� ý��ª�¡ ß�� Å÷�þ¤�øü�ãþ ßþ� ø Àª��üõ ¢�þ¥ ¤��Æ� ý¢Âê ý�ûù¢�¢ ß�� üÚµÆ±Þû �î ´¨� �µØ÷ ßþ� ùÀ�û¢ ö�È÷.¢�¢ Àû��¡ ���¤� ¢���õ ý�ûù¢�¢ ý�Â� �¤ ü��¡ ©¥�Â� ü½Î¨ø¢ ýÀ�� ñÀõ �Ø�þ�ö�¡ ¤�Èê ý�û ù¢�¢ �� ü½Î¨ø¢ ñÀõ ©¥�Â�¥� Û¬�� ¸þ�µ÷ :2 ÛØª
ÂÔ÷ Âû ý�Â� ×�ó�µ¨�þ¢ ö�¡ ¤�Èê �� BMI �Î��¤ :3 ÛØª
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢×�ó�µ¨�þ¢ ö�¡ ¤�Èê �� ÛÖµÆõ ý�ûÂ�çµõ °þ�Â® :1 ñøÀ�

: ýÂ�ð �¹�µ÷ ø ¶½� 5ßþ� ¤¢ ùÀª �µÔð °ó�Îõ ��Üî â±�õ �î ¢Âî ù¤�ª� �µØ÷ ßþ� �� Àþ�� ¸þ�µ÷ ¢¤�õ ¤¢ ¶½� ¥� Û±ì¥� â���õ ¢�Àã� ö¢�� ¢�þ¥ ´Üä �� .À��î �¹µÆ� �ó�Öõ ßþ� ℄11[ â±�õ ¤¢ À�÷���üõ �¤ ´ÞÆìñøÀ� .Ý�û¢üõ á��¤ �ó�Öõ ßþ� 11 â±�õ �� �¤ �Þª ø ù¢�Þ÷ ý¤�¢¢�¡ â���õ ßþ� ×� ×� Âî£ßþ� �î �÷�Ú÷�Þû .Àª��üõ ùÀû�Èõ Û��ì 1 ñøÀ� ¤¢ ×�ó�µ¨�þ¢ ö�¡ ¤�Èê Â� Â��õ ý�ûÂ�çµõ.(p < 0/001) ¢�¢ ö�È÷ �Î��¤ ×�ó�µ¨�þ¢ ö�¡ ¤�Èê �� BMI Â�çµõ Àû¢üõ Çþ�Þ÷ ñøÀ�É¡�ª Â� À��ø ×þ Çþ��ê� �� ø ù¢�� ´±·õ ´ú� ¤¢ �µªÁð ��ãó�Îõ À�÷�õ ¯�±�¤� ßþ� ´ú�À���÷��õ ����÷ ß�̈ Â���ç�µ�õ .¢�¢ü�õ Ç�þ���ê� ù����� Â�µ�Þ���Ü���õ 0/41 �¤ ×���ó��µ�̈ ��þ¢ ö��¡ ¤��È�ê BMIÇþ��ê� �� .(p < 0/001) ¢�¢ ö�È÷ ´±·õ �Î��¤ ×�ó�µ¨�þ¢ ö�¡ ¤�Èê �� �µªÁð ��ãó�Îõ308
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�� ý¤�Øµ��÷ .´ê�þüõ Çþ��ê� ù��� ÂµÞ�Ü�õ 0/2 üó�µ¨�þ¢ ö�¡ ¤�Èê ¢�Âê� ß¨ Â� ñ�¨ ×þ¤¢ üÌì��µõ Í��ø ¤ ß�È�� ��ãó�Îõ ¤¢ .¢�À÷ ö�È÷ �Î��¤ (p = 0/876) üó�µ¨�þ¢ ö�¡ ¤�Èê��®Âê À�þ�� ´ú� ¤¢ �ú÷� Â·î� �î .´¨�ùÀª ©¤��ð ý¤�Øµ��÷ ø ö�¡ ¤�Èê �� �Î��¤ ¢¤�õ�� ��ø¢¥� ´�ã®ø Â�çµõ ß�� �Î��¤ .´¨� ù¢�� �û¤�î¥ø ¤ ´±Æ÷ �� �û¤�Øµ��÷ ö�¡ ¤�Èê Çþ��ê�¢�Âê� öÀª ¤�¢ �»� Å³¨ ø öÀª Ûû�µõ �� .Àª �µêÂþÁ� (p = 0/04) ×�ó�µ¨�þ¢ ö�¡ ¤�Èê¤¢ üÌì��µõ ¸þ�µ÷ ��÷ ÓÜµ¿õ ��ãó�Îõ �µ±ó� .´ê�þ üõ Çû�î �±�Âõ üó�µÆ�¨ ö�¡ ¤�Èê�Î��¤ ´¨� ßØÞõ �î üÞúõ �µØ÷ �µ±ó� .À÷� ù¢�¢ ö�È÷ ö�¡ ¤�Èê �� Ûû�� ´�ã®ø Â�� ¢¤�õ�Âþ¥ ´¨� ß¨ Ûõ�ä À�î ©øÀ¿õ �ãó�Îõ ßþ� ¤¢ �¤ Ûû�� ´�ã®ø Â��ç� ¢¤�õ ¤¢ ùÀª ùÀû�ÈõùÀû�Èõ �Î��¤ �î ¢¤�¢ ö�Øõ� ßþ�Â���� .À÷�ªüõ ¤�¢ À÷¥Âê Å³¨ ø Ûû�µõ ¢�Âê� ,ß¨ Çþ��ê� ����Â��ç� �ãó�Îõ ßþ� ¤¢ ß¨ �î üþ�¹÷� ¥� �µ±ó� .Ûû�� ´�ã®ø �÷ ø Àª�� ß¨ ¥� üª�÷ ùÀª.Àª��üõ ����÷ ¤��Æ� ß¨ �� ùÀª ùÀû�Èõ �Î��¤ üðÀª ©øÀ¿õ ñ�Þµ�� ¢�±÷ �¤�¢ �¤ ý¢�þ¥(p = 0/14) ×�ó�µ¨�þ¢ ö�¡ ¤�Èê �� Ûçª á�÷ ¯�±�¤� �Àä ùÀ�û¢ ö�È÷ ¸þ�µ÷ ß��»Þû¤¢ .¢�� ý¤�¢� ö�À�õ¤�î �� ´±Æ÷ ö�Âð¤�î ö�¡ ¤�Èê Çû�î ùÀ�û¢ ö�È÷ ß��»Þû ¸þ�µ÷ .¢���Î��¤ ùÀû�Èõ ¤¢ �µ±ó� .´¨� ù¢�� ö�¡ ¤�Èê Â� Â��õ Ûõ��ä ¥� üÜçª ¤�Èê ÓÜµ¿õ ��ä�Îõý��û¤��î ���¹�÷� Â�Ï��¿�� ö�Â�ð¤��î ��î �́ª�¢ ������ ����÷ ��µ�Ø�÷ ß�þ� ��� À�þ��� ö��¡ ¤��È�ê ø Û�ç�ª á��÷� üØª�� à�½ó ¥� �î À÷�ªüõ Âð¤�î ý¢�Âê� �Ø�þ� ßÞ® .À�µÆû Â�Âè� ý¢�Âê� �õ�Þä üØþ��ê.À�ª�� ýÂ�Ýó�¨ ¢Âê�µØ÷ ßþ� Âî£ .¢�À÷ ö�È÷ �Î��¤ (p = 0/77) ×�ó�µ¨�þ¢ ø ö�¡ ¤�Èê �� ��÷ ��À¿µ¨� á�÷��À�¿�µ�̈ � ��� ¢�Â�ê� ��� ´�±�Æ�÷ Â�µ�È���� ß�̈ ý�¤�¢ ü�Þ�̈ ¤ Û�è��ª ¢�Â�ê� ��î ´�Æ���÷ Ó�Î�ó ¥� ü�ó��¡.À÷¢�� ý¢�¢¤�ÂìÂ�·�î� ¤¢ .¢�À�÷ ö��È�÷ ��Î���¤ (p = 0/06) ×���ó��µ�¨��þ¢ ö��¡ ¤��È�ê ��� ����÷ �����Ê�½�� Â�����ç�µ�õ�Î��¤ ×þ �Î��¤ ßþ� ,¢�� ùÀª ùÀû�Èõ �Î��¤ ö�¡ ¤�Èê ø ���Ê½� ¼Î¨ ß�� �î ü��ãó�Îõß�����»�Þ�û . �́ê��þü�õ Ç�û��î ö��¡ ¤��È�ê ¢�Â�ê � �����Ê�½�� Ç�þ���ê� ��� ��Ø���þ� ü���ã�þ ¢��� ü�È�û��î�¤�¢ ö�÷¥ �� ´±Æ÷ ýÂµÈ�� (p < 0/001) ×�ó�µ¨�þ¢ ö�¡ ¤�Èê �û¢Âõ �î ¢�¢ ö�È÷ ¸þ�µ÷Çþ��ê� ßþ� .Àª�� ö�÷¥ �� ´±Æ÷ ö�¢Âõ ÂµÈ�� Çõ�¤� ¥� üª�÷ À÷���üõ ¯�±�¤� ßþ� .À�ª��üõ���ã�ó��Î�õ ��� ¯��±��¤� ß�þ� .¢��� ù����� Â�µ�Þ���Ü���õ 10/25 ×�þ��µ�̈ ��þ¢ ö��¡ ¤��È�ê ý�Â�� ö��¡ ¤��È�ê.℄11[ ´ª�¢ üÚ�û�Þû ��÷ ß�È��
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Y üê¢�Ê� Â�çµõ Å÷�þ¤�ø ø À�õ� �±¨�½õ :ñø� Ç¿�

E(y) = E(Xa+ Zβ + e) = Xα (8)
V (y) = var(Xα+ Zβ + e) = var(Xα) + var(Zβ) + var(e)

= Z var(β)Z ′ + var(e) =⇒ V (y) = ZGZ ′ +R(α) ñÀõ ´��� °þ�Â® �±¨�½õ :ø¢ Ç¿�¥� ´Æ�¤�±ä ùÂ�çµõ À�� ñ�õÂ÷ üþ�Þ�µ¨¤¢ â��� À�÷�¢üõ �î �÷�Ú÷�Þû
L =

exp[−12 (Y −Xα)′V −1(Y −Xα)

(2π)( 12 )n |V | 12 (9)Ýþ¤�¢ ��� �ó¢�ãõ ¥� ßµêÂð Ýµþ¤�Úó ��
log(L) = K − 12 [log |V |+ (Y −Xα)′V −1(Y −Xα)]Ýþ¤�¢ ����ó¢�ãõ ¥� üÆþÂ��õ ÕµÈõ ßµêÂð ��

∂

∂α
log(L) =

∂

∂α
(K − 12 [log |V |+ (Y −Xα)′V −1(Y −Xα)])

=
∂(Y −Xα)′V −1(Y −Xα)

∂α
= −2X ′V −1(Y −Xa)Ýþ¤�¢ ÂÔ¬ �� ��� �ó¢�ãõ ö¢�¢ ¤�Âì ýø�Æõ �� ñ��

α̂ = (X ′V −1X)−1X ′V −1Y310
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ñÀõ üê¢�Ê� ý�û�Ôó�õ �±¨�½õ :��¨ Ç¿�.ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ Âþ¥ ý¤�Áð ÅþÀ÷� �Àµ�� ¤¢
R ÅþÂ��õ Å÷�þ¤�ø ý�ûÂµõ�¤�� : γR
G ÅþÂ��õ Å÷�þ¤�ø ý�ûÂµõ�¤�� : γG
V ÅþÂ��õ Å÷�þ¤�ø ý�ûÂµõ�¤�� : γ:Ý��î ÓþÂã� Âþ¥ �¤�¬ �� �¤ üþ�Þ�µ¨¤¢ â��� Ý�÷���üõ ��� ý¤�Áð ÅþÀ÷� §�¨� Â�

L(α, β, γ, y) = L(α, γR, γ|β)L(γG, β) (10)Ý��î üÆþ�÷¥�� Âþ¥ �¤�¬ �� �¤ ��� �ó¢�ãõ Ý�÷���üõ üÏÂª ñ�õÂ÷ âþ¥�� ßµª�¢ ��
L(α, β, γ, y) ∝ |R|−1/2 exp[−12 (y −Xα− Zβ)′R−1(y −Xa− Zβ)]

×|G|−1/2 exp(−1/2β′G−1β)Ýþ¤�¢ Û±ì �ó¢�ãõ ¥� ýÂ�ð Ýµþ¤�Úó ��
log(L) = −12 [log |R|+(y−Xa−Zβ)′R−1(y−Xa−Zβ)]+ log |G|+β′G−1β]+K��Ô�þ� ü�È�Ö�÷ ü�þ��Þ���µ�̈ ¤¢ â����� ö¢��Þ�÷ Ý�Þ�þ��î��õ ¤¢ ��î ´�̈ � ü�µ����� Â�þ¢��Ö�õ ��Þ�û K ö� ¤¢ ��î.Ýþ¤�¢ ��� �ó¢�ãõ ¤¢ β ¥� ýÂ�ð ÕµÈõ �� À�îüÞ÷
∂ log(L)/∂β = Z ′R−1(y−Xa−Zβ)−G−1β = −(Z ′R−1Z+G−1)β+Z ′R−1(y−Xa)Ýþ¤�¢ ÂÔ¬ �� �ó¢�ãõ ßþ� ö¢�¢ ¤�Âì ýø�Æõ ��

(Z ′R−1Z +G−1)β̂ = Z ′R−1(y −Xa)

β̂ = (Z ′R−1Z +G−1)−1Z ′R−1(y −Xa)Âþ¥ ÛØª �� ø ,ÂÚþ¢ �Âê �� �¤ Û±ì �ó¢�ãõ Ý�÷���üõV = ZGZ ′ + R �î �µØ÷ ßþ� ßµÆ÷�¢ ��.Ý�Æþ���
β̂ = GZ ′V −1(y −Xa)311
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