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� 1 � ≥����

π�≥���[ε���{Y½�DA]�@δ��{���μaq�Rñ�≤o�[ε�CY�≥��]j

PWp≤[ε���� 5%�ABo��iH°@H≈≥�FYO�≥��MΣL�L÷Ah@δ�Mμ�Rú

Φk�∩uw�vCu≥��v∩�i�UzPwMμ�RúO�¼≈A�ú	b�Φkú¼�Bz≥���

ΦkC

≥���RMh½í�{�

u≥��v∩�ú	Γ�Bz≥���{�G

v h½í�{�ú	∩≥�Ω�¼���RA�����G�≥��h½í�CYAú�h����Ω�

�AC@�Ω��]t�v�@�í��Cϕ⌡μ�p�R�AN∩��í�Ω�����⌠piμpX

�sAú	@δ±μ�í�≤��T�⌠pC

v ≥���Rú	@�ñ�úP��z�uπA�≤�R≥�Ω�]�SO�O Little’s MCAR �w�A�]

tU�μ@í�ΦkC��NA@δ{�h½í�u≤μ@í�C

≥��@�

ziHzLUC≥�BJ}l�R≥��G

1. �d≥�C ��u≥���RvMu�R¼�v���Ω�ñ≥���¼�A�Pwh½í�O�	nC

2. í�≥��C��uí�≥�Ω��v��Hí�≥��C

3. �Ru�πvΩ�C ��Σ�h½í�Ω��⌠≤{�Cp��Rh½í�Ω��PΣ�o�Ω��{�

MμA��\� 14��y�Rh½í�Ω�zC
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� 2 � ≥���R

ziHQ�u≥���Rv{�A�⌡μUCT�Dn\αG

v í�≥�Ω���íC≥���b≤BHd≥�hjH¿∩���O�÷≤bh�[ε�ñX{≥��H

Ω��O�Ñ�H≥��O�H≈H

v úP≥��Φk�⌠p¡í�B��tB@�qM�÷�G���úB¿∩Bjk� EM (expectation-

maximization)CΣñA¿∩k�N¿∩�¿[ε����A[Hπ�X�C

v ��jk� EM ΦkAH⌠p�±J]í��≥��FúLA@δ{�h½í�iú	≤δT��GC

ϕΩ�ú�π�AzNiHQ�≥���RA�úX]Ω�ú�πA�y¿���vTCpG�≥���[ε

�bt�WPS�≥���[ε�úPAh�GiαOH��CA�ApG≥�Ω�Aiα�]�ΩT�≤�

²p�A		C�pq�δT�Ct���@�
qNOA\h�p{���]≥ªAúO�cb�π�[ε

�W��A]�ApG�≥����AiαN�n��≤�°�z�C

d�C b�⌠σ�f�v°�G�A�
�P��q����CúLA�DC�w�úiH��C@��qC

�HA�
�π�≥����íAs¿@²ϕA�Bo{ª
OH≈�CMßA�� EM �R\αA�⌠p¡

í�B�÷M@�º�Cª]��TwΩ�OH≈��≥�C��A]iH�±J���N≥��A�Nºs

JsΩ��ñAH	i@B�RC

�pqC Nμ�q�pq	ÑAª]AGD≥����B¡í�B��tB≥����AH�Ñ�����C

Y�����úB¿∩BEM �jkÑΦkAhio
⌠p¡í�B@�º�x}AH��÷�x}C� EM

�G� Little’s MCAR �wCúPΦk�¡í��MC∩≤�u≥��∩D≥��v�wq��O	ÑGt �

wC∩�����G≥���íπ�X��[ε�C

Ω�
q

Ω�C z���Ω�AiHO�O���]±��s≥�CúLAzi⌠p�pq�u�wq��í�≥�Ω

�C²∩C���	ÑApG≥��S�QsX¿t�≥����Ah	�Qwq����≥��C���

íAY�≈��ñ� Don’t know ���sX� 5A	BzSQNΣ°�≥��Ah���N��N 5 sX¿

���≥��C

��[vC �{�	\��]½��[vCπ�t�s½�[v��[ε��Q�ñCt��I�Dπ�[vC

�]C ���úBt∩Mjk⌠pO��≥���íú�αΩ����]C]�°≤NOuH≈��≥�v�

MCAR�C�HAϕΩ�O MCAR �A����⌠p�Φk]]t EM Φk�∩�÷�P@�º�úαo


@P	ú	�⌠p�CH
 MCAR �]��P����úBt∩MjkΦk�ú��	t⌠p�CpGΩ�

úO MCARAz��� EM ⌠p�C

EM ⌠pO��≥���íuM[εΩ��÷��]C]o�¼p�@uH≈≥�vA� MARC�o��]e

\Hi��ΩT��π⌠p�C�pAb��{�P¼J�πsñA��{�C�ⁿ��iα��h�≥�¼

J�Cbo�ípUAΩ�O MARA	D MCARC½y�íA¼J�QO²�≈v�M≤ⁿ�����{�C

o�≈v�]��{�	∩�A²ú�]u���{�v�¼J	�CpG¼J�QO²�≈v]H�C@�

��{��¼J�	úP]�pA�¬¼J�H�����AhΩ�JD MCAR τD MARCoúOú�o�

�¼pA	BApGo�FAS�A��ΦkC

�÷{�C �\h{�i²z�����ú⌠p�¿∩⌠pC�uu�jkvMu]��RvAN²z�¡í

��m½≥��C��Auw��[{í��v]ú	��ΦíA²zm½�í�Cñ�≥��C
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�o≥���R

1. b\αϕWA∩�G

�R > ≥���R...

2. 
�∩�@���]�����H⌠p�pqMHN∩�í�≥��C

ziHG

v ∩��O��]�r�rΩ�AMßΘJ�O���W¡]�j�O�C

v ÷@Uu�ívN≥�Ω���íCϕCp��÷ΩTA��\DD yπ�≥���ízC

v ÷@Uuyz��pqv�π�≥���yz��pqCp��÷ΩTA��\DD � 5��yπ�≥��

�yz��pqzC

v ∩�@�Φk�⌠p�pq (¡í�B@�º�P�÷) Piα�í�≥��Cp��÷ΩTA��\DD �

6��y⌠p�pqMí�≥��zC

v pGz∩�uEM Φkv�ujkΦkvA�÷@Uu��vA�ⁿw⌠p����l�Cp��÷ΩTA

��\DD � 7��yw�Pww���zC

v ∩�@�[ε�����C�����bπ��O[ε���íϕñ��[ε�C

π�≥���í

zi∩�π�úP�ϕμHπ�≥�Ω���íMd≥Co�ϕμiH�Uz�OG

v ≥���b≤B

v b�OípUA¿∩���O�÷≤X{≥��

v Ω��O��Ñ�q��

π�

�T�ϕμiH��π�≥�[ε���íC

ϕC[ε�C b�R��ñ�≥���íOHC@��í�π�Wv�ϕCC��uH≥���í�N���

�v�ⁿw��M��O�H�í��ⁿ����C��uñLt�p≤ n % [ε���ív��úú�o

���íC

t≥���[ε�C C@�t�≥���Ñ����[ε�OHC@��R���ϕCC��uH≥���í

�N����v�ⁿw��M��O�H�í��ⁿ����C

�í[ε�C C@�[ε�úϕCA��C@���ⁿ�≥��MÑ���CúDbu�...��vñⁿwF�

�A�h[ε����ª
bΩ��ñ�X{��A�HC�C

bπ��O[ε��ϕμñA��UC�	G

+. Ñ¬�

-. ÑC�

S. t�≥��

A. �@����≥��

B. �G����≥��
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C. �T����≥��

��(B)

∩w]Ab�Rñ���AziHπ�ΣLΩTCz[JuΣLΩTv���ú�Oaπ�b≥��íϕñC

��]������π�¡í�F�O���π�bC@��OñX{�í�[ε���C

v ����C ��ⁿw�����W��ε��ACX[ε�Co�∩�uA�≤u�í[ε�vC

π�≥���í

1. bDn�≥���R∩��ñA∩�zQnπ�≥���í���C

2. ÷@Uu�ívC

3. ∩�zQnπ���íϕC

π�≥���yz��pq

μ�q�pΩ�

μ�q�pq�U≤�O≥�Ω��@δd≥CC@����π�HUΩ�G

v D≥����

v ≥�����M��±

∩≤��]�����A]�π�UCG

v ¡í�(E)

v ��t

v Ñ¬�MÑC����

ⁿ����p�R

�C@�����@�ⁿ���C�O��iϕ����b�O[ε�ñOsb�O≥�Cⁿ���iH��

�����XBt �wM���tϕC

ú�X���±C w∩C∩��Aπ�[ε����±Cbo�[ε�ñAY����t�≥��A	t@�

��ht�D≥��CbϕμñAC�∩ñu��Aú]Aμ@���≥����±C

���ⁿ����¿�O� t �wC ziH�� Student’s t �pqA�±�C�wq��ñAΓ��O�¡

í�C�Oí���Osb�O≥�C�B�απ���pqA]A t �pqB���B≥�MD≥����A

H�Γ�O�¡í�Cz]iHπ�⌠≤P t �pq÷p��	≈vCpGz��Rú�@�HW��wAú

n�o�≈v�@π���wCo�≈v�A�≤μ@�wpΓC

�OPⁿ����μeϕC ª�π�C��O���ϕμC∩C��O	ÑA�ϕμ�π�ΣL���D≥�

����Σ��±C��AC�≥�����±A]ú�Qπ�X�C

ñLp≤ n % [ε����≥�C YnYpϕμAB�pq�pΓX�[ε�Ah�[HRúC

π�yz��pq

1. bDn�≥���R∩��ñA∩�zQnπ�≥��yz��pq���C

2. ÷@Uuyz��pqvC

3. ∩�zQnπ���z��pqC

� 2 � ≥���R 5



⌠p�pqMí�≥��

ziH�����ú]u��π�[ε��B¿∩BEM (expectation-maximization) �/�jkΦkA�⌠p¡í

�B��tB@�º�M�÷Cz]iH∩�í�≥��]⌠pm½��C��NA�M≥����D�A@

δ{�h½í�u≤μ@í�CLittle’s MCAR �w∩≤PwO��ní�	ÑA
Q���C

���úk

�Φku���π�[ε�CpG⌠≤�R���≥��AK�ñpΓ[ε�C

¿∩k

�Φkd�¿∩��R���u��Γ���ú�D≥���[ε�C�O�C@∩��pΓ���t�B¡

í�M��tC�≤b[ε���ΣL≥��wQ�ñAΓ�����÷M@�º�ú��≤b⌠≤ΣL��

�≥���C

EM Φk

�Φk�í�≥�Ω��]@�tA�����tººⁿ�iμ	�CC@��N]t@� E BJM@� M

BJCE BJiΣXu≥�vΩ��°≤íw��B�w[ε�M�e��⌠p�Co�w��A���Nu≥

�v�Ω�Cb M BJA����jºⁿ⌠p�ϕ@≥�Ω�wg±J�íp�pΓCu≥�v�Ω����

	AϕA]�≥��ú��
±JC
ºA�b∩�ºⁿ��Στ�C

Roderick J. A. Little ���w��O�H≈��≥� (MCAR) �dΦ�pqA�H EM x}�}�ΦíLXC

bo��wAΩL�]�Ω�OH≈��≥�A	 p �b 0.05 h��Oπ��CpG��C≤ 0.05AΩ�K

úOH≈��≥�CΩ�iαOH≈≥� (MAR) �úOH≈≥� (NMAR)Czúi�]OΓ�ñ��@�A

	��R�Ω�HTwΩ�Op≤≥��C

jkΦk

�ΦkpΓh½u�jk⌠p�π�HH≈¿≈Xj⌠p��∩�C∩C@�w��A�{�i�H≈∩��

�π[ε�BH≈�A	tA��� t �t�H≈	t]H�t��¡í¡Φ��π��[J�tC

EM ⌠p∩�

zL�NBzAEM Φk⌠p¡í�B@�º�x}AH�t�≥��º��]�������÷C

�tC EM ��ⁿw�tººⁿ�iμ	�C�w]A�]��A�tCpGz	D��t�	í��A�t

�	í≤°AzinD{�H��π n ���� t �tA���ºⁿτ�CVX��A�t]ú	�≤°	í

��tCⁿwVX��A�tº��t�±v��G�t�VX±�CVX��A�t�]�tu���tú

PC¡í�	��PC

�j�NC ]w�j��N��H⌠pu��@�º�Cϕ
F��N���AY�⌠p���¼�A{�]

�
εC

xs�¿�Ω�C ziNí���N≥���Ω��xs��C²OA��NA@�º��≥ª��pq��

í��N�C⌠ª
U�����CC⌠�{�P@P�[ε�[ε��q¿±�C

Ynⁿw EM ∩�

1. bDn�≥���R∩��ñA∩�zQn�� EM Φk�⌠p≥�����C

2. qu⌠pv�OñA∩�uEM ΦkvC
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3. Ynⁿwww���Mw���A�÷@Uu��vCp��÷ΩTA��\DD yw�Pww���zC

4. ÷@UuEM ΦkvC

5. ∩�zn� EM ∩�C

jkΦk⌠p∩�

jkΦk��h½u�jk⌠p≥��Cπ�¡í�B@��x}BH�w�����÷�x}C

⌠p�πC ziHQ�jkΦkANH≈¿≈[Jjk⌠p�ñCMßA∩��tB�A�qBStudent’s t �

qA��ú��πC

v �t. q�π[ε�[ε�tϕñAH≈∩��t�A[Jjk⌠p�C

v �A�q (Normal Variates). qt��μ� 0 ��tAH�Ñ≤jk�íΦ�t�¡Φ����tñAH

≈�X�t�C

v �� t �q (Student’s t Variates). �t�OHⁿw����q t �tH≈ΓXA�÷íΦ��t (RMSE)

Y±C

�jw��C �⌠p{�ñ����ºw���]������A]wª��j�C

xs�¿�Ω�C b�e@�Ñqñ��íIBM® SPSS® StatisticsΩ��ñgJΩ��AΣ≥���jkΦk

⌠p�����NC

ⁿwjkΦk∩�

1. bDn�≥���R∩��ñA∩�zQn���jkΦk�⌠p≥�����C

2. qu⌠pv�OñA∩�ujkΦkvC

3. Ynⁿwww���Mw���A�÷@Uu��vCp��÷ΩTA��\DD yw�Pww���zC

4. ÷@UujkΦkvC

5. ∩�zn�jk∩�C

w�Pww���

�w]A��wq��úO��� EM Mjk⌠p�Czi°�n∩�Sw��@�⌠p��w�Mww��

�C�w���ibΓ��MμñA²��ziαQn¡ε���B�C�pAY��Rvú�w∩�G��

��@⌠pCziα]Qn�úP�⌠p��úP���A�h�⌡μ�{�C�pApGz�@���O@

h�±At@�Oσv�±AziαQn��@h��⌡μ@�H⌠p≥��@h��At�A�σv���

⌠p⌡μ@�C

b��jkΦk�Aú�Ft@�
qCbh½jkñAB�jl������±�pl�ú��t�w�

�C]�A��	�F
 F ΘJU¡ 4.0 Φi��C�¡εiH�yk�≤C

Ynⁿww�Mww���

1. bDn�≥���R∩��ñA∩�zQn���jkΦk�⌠p≥�����C

2. bu⌠pv�OñA∩�uEM Φkv�ujkΦkvC

3. ÷@Uu��vC

4. pGzQn��Sw	D�í���@�w�Mww���A�∩�u∩���v�N���
XA�M

μñC

MVA ⁿO�ΣL\α

ⁿOykyÑ]iH²zG

� 2 � ≥���R 7



v �� MPATTERNBDPATTERNA�O TPATTERN �ⁿOW� DESCRIBE ÷ΣrA�ⁿw≥���íBΩ��íM

ϕC�í�U��z��C

v �� DPATTERN �ⁿOA�Ω��íϕⁿwh�����C

v �� DPATTERN �ⁿOA�Ω��íⁿwh�����C

v �� EM �ⁿOA�ⁿwetM¼�C

v �� REGRESSION �ⁿOA�ⁿwetM F ΘJC

v �� EM M REGRESSION �ⁿOA�uEM ΦkvMujkΦkvAⁿwúP���MμC

v �C� TTESTSBTABULATE M MISMATCHAⁿw�CXº[ε��úP��±C

p��π�ykΩTA��\mⁿOyk�
ΓUnC
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� 3 � h�í�

h½í����O�≥��ú�iα�A�H�����π�Ω��C�R{�M@����h½í�Ω��

�R{���C��π�Ω��ú�ΘXApG�l�Ω��S�≥��AN�[Wiw⌠�G�X�ΘXC

o�X��G@δ�μ@í�Φkú	��G≤�δTC

h½í�Ω�
q

�R��C �R��iHOG

v Wq. ϕ���NϕΩΦW��Ñ������]�pA��uu@��qí
�Ah���i°�WqC

Wq���d�]A
�Bl�
	�v��ΘC

v ��. ϕ���NϕΩΦWwÑ������]�pAA�íN�qD�úíN
D�íN���Ah��

�i°���C�����d�]ANϕíN��Hα{��A���H�	nÑ���C

v ��. pGY@��i°���]s≥�Aϕ�ª��Nϕt�Ω�Nqx}�w����A]�AX±�

�ºí�Z≈C�����d�]AH�≈ϕ�����Hd��μ��¼JC

�{��]wⁿw�����Aϕ��qh�A²ziHb����Mμ���W÷@U�½kΣA�∩

��{\αϕW��qh�A���≤����qh�CYn���≤����qh�A

��MμñU������i�O�qh�MΩ��¼G

ϕ 1. �qh���

��¼(N) rΩ Θ� �í

�� (s≥) L

��

Wq

��[vC �{�	\��]½��[vCπ�t�s½�[v��[ε��Q�ñCDπ�[v��J��


±�π�C

�R[vC �R]jk����[vX�≤≥��KnP�Xí��¼ñC��úπ�t�s�R[v�[ε

�C

�X��C ÷Muh½í�v{�α≈
ⁿ��R[v���í�����[vA²Σú��μBzhB�s

�ΣL�°���cC��τ��NAu�°��v{��eú����Rh½í�Ω��CYnA��π�

Σ�X�{�MμA��\ � 14��y�Rh½í�Ω�zC

≥��C ���Mt�≥���Qϕ@L��F]NOíAí�����NoΓ�≥��ABoΓ�ú�Q°

�í��¼ñw����L��C≥���Rñ]�N���Pt�≥��°�≥�C

�s�G]í�≥�Ω���C pGznδTa�sí��GAúF���P�{�]w�A����ú��

���P��l��B�P�Ω���M�P�����C

© Copyright IBM Corp. 1989, 2016 9



v ��ú��C �{�bpΓí���í�����ú��C��Yn½sú��P�H≈��GA�²�

�P��ú����P�l��AA⌡μC�uí�≥�Ω��v{�C

v [ε���C ��[ε���iμ��í�C

v ����C �π°≤Wμ (FCS) í�Φk���u�R��vMμñ���í��C

�Γ�∩��Oh½í�M��C

v �R¼�ú	Ω�ñ≥��¼��yz��qAbw�í�ºeBJ�iα���C

v í�≥�Ω����ú�h½í�C�πΩ��i��Σ�h½í�Ω���{�iμ�RCp��Rh½

í�Ω��PΣ�o�Ω��{�MμA��\� 14��y�Rh½í�Ω�zC

�R�í

u�R�ívú	Ω�ñ≥���í�yz��qAbw�í�ºeBJ��ϕΩ�C

d�C YqH�qQn≤F��ßΩ�wñ�A����íCqH�q	��ß���A�º�πΩ�A²Σ

¼��HfΩT��X�≥��C�R≥���í�U≤Mwí��U@�BJC

b\αϕWA∩�G

�R > h½í� > �R¼�...

1. ∩�
�Γ��R��C�{���Ro����≥��C

∩�]w

�R[vC ���]t�R]jk����[vC{��X�≥��Knñ��Rv½C��úπ�t�s�

R[v�[ε�C

ΘXC HU∩��ΘXi	��G

v ≥��KnC oπ�F�O��Ωμ�AΣñ∩≤π�@�h≥����R��B[ε���OΩ��π

�F��qP��±C

v ≥���íC HϕC�íπ�≥��CU�í�∩�
�R��ºñπ��P�íBú�πP�πΩ��

@�[ε�Czi���ΘXAP�i�bz�Ω�W��μ�í�ΦkAH�Yúμ��Aio	z�

Ω�Pμ�¼��±ⁿ{�C{��N�R�����πS��±μ�¼�CY½s��ºßS�X{μ

�¼�AzNi	�XA�Ω�b�R��p�����
π�μ�¼�C

v π��¬Wv≥�����C o�π�@�ϕμAΣñ�R��O��≥����±�ε�CCϕμ]t

F�����yz��pq]¡í�P��t�C

ziH�εnπ�����qW¡AH�nπ�X���≥���±U¡Ch�π��XoΓ�°≤��

��XC�pAN���qW¡]� 50A�N≥���±U¡]� 25AYinDϕμπ�hF 50 �≥�

�
� 25% ���CY�R��� 60 �A²u� 15 �π� 25% HW�≥��AΘXu�]t 15 �

��C

í�≥�Ω��

uí�≥�Ω��vi��ú�h½í�C�πΩ��i��Σ�h½í�Ω���{�iμ�RCp��R

h½í�Ω��PΣ�o�Ω��{�MμA��\� 14��y�Rh½í�Ω�zC

d�C YqH�qQn≤F��ßΩ�wñ�A����íCqH�q	��ß���A�º�πΩ�A²Σ

¼��HfΩT��X�≥��C	Bo���úOH≈≥��A]�iHb���h½í��¿Ω��C
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b\αϕWA∩�G

�R > h½í� > í�≥�Ω��...

1. bí��¼ñ∩�
�Γ���C{��í�o����≥�Ω�h½�C

2. ⁿwnpΓ�í���C��w]� 5C

3. ⁿwngJí�Ω��Ω��� IBM SPSS Statistics-μíΩ��C

ΘXΩ��]t�l[ε�Ω�M≥�Ω�AH�w∩C�í�t�í���@�[ε�C�pAY�l

Ω��� 100 �[ε�A	z� 5 �í�AhΘXΩ��N� 600 �[ε�CΘJΩ��ñ�����

ú]tbΘXΩ��ñC{����rσ�e]W�B�OÑ���s
sΩ��C�	τ]ts��B

Imputation_Bⁿ�í������]0 ��lΩ�A� 1..n �π�wí����[ε��C

��ΘXΩ���A{����N Imputation_ ��wq�����CY⌡μ{�����F@�AhΘX

Ω��ñA������U��Xú�]t@�í�C

∩�]w

�R[vC ���]t�R]jk����[vC{��≤í�≥�����jkP���íñAX��R[

vCí�Knñ]����R[vF�pA¡í�B��tB���C��úπ�t�s�R[v�[ε�C

π��	�qh��μ�

YbΩ��ñX{@�h��	��� (μ�) �qh�AN�π�u�qh�v��C�≤�qh��vT�

{���GpΓA]������	�π�wwq��qh�C

�yΩ�C ¬�@�ñΩ���Ω�A�Bw∩�eπ��	�qh��⌠≤μ�ⁿúw]��qh�CY�

j¼Ω��Ah¬��iα�n@��íC

Γ�ⁿúC }
∩��AHCXπ��	�qh���μ�CziH���∩��Hⁿú�qh��o�μ�C

ziHbuΩ�sΦ�v�u��°�vñⁿú�qh�C

�≤�qh�O�{��½n��A]�zb��μ��	�wwq��qh�ºeALks�∩���⌡μ

�{�C

Φk

uΦkv���}w≥���í�ΦíA]A����í�¼C�Ow����gLsX�ⁿ�]Ω��C

í�ΦkC u���vΦk��yΩ�AYΩ�π�≥���μ�¼�Ah��μ�ΦkF�hN����π

°≤WμCYzTwn���ΦkAiN�Φkⁿw�u�qvΦkC

v �π°≤WμC oO Markov chain Monte Carlo (MCMC) k��NAϕ≥�Ω��⌠N��]μ��D

μ��i��C

∩≤����Mμñⁿw���C��NM��A�π°≤Wμ (FCS) k����íñ�ΣL��i���

@�w���AHA�≤μ�q]μ@]����íAºß�í�AX���≥��C�ΦkbF
�j

�N��e��≥iμA�N�≤�j�N�wí��xs�wí�Ω��C

�j�NC oⁿw�N��qA� FCS Φk�� Markov chain �niμ�uBJv�CY��∩� FCS

ΦkAh��� 10 ��N�w]�qCYz�T�∩� FCSAiⁿw�q��N�qCY Markov chain �

¼���CzisW�N�qCbuΘXv��ñAzixs FCS �N
{Ω�A����⌠¼�C

� 3 � h�í� 11



v μ�C oOD�NΦkA�αbΩ�π�≥���μ�¼����CYzi�C��A²Y��π�D≥

���A²e����τπ�D≥��A�≥Nϕ�μ�¼�sbCYⁿwΣ@�u�qvΦkA��	

Hμ��í�π����ⁿwMμñ���C

w∩μ���ñ�C���Aμ�Φk����íñ���²e��@�w���AHA�≤μ�q]μ

@]����íAºß�í�AX���≥��Co�wí���xs�wí�Ω��C

]t�Vμ¼@�C ��∩�í�Φk�AU���í��¼�]tw�������PD��C∩�SwΦ

k�Azi∩���b�Ow���í]t��iα��Vμ¼@�C

	�����í�¼C ��∩�í�Φk�A���u�jk@������μ�qΦkCY∩�SwΦkA

zi∩�∩�w�¡í�t∩ (PMM) @������ΦkCPMM Ou�jk���AΣñ�Njk�¼pΓ

X�í��P�
±�[ε�iμ±∩C

�N�jk@V��ϕ@�O���μ�q�¼Cú��í�¼�≤A����ⁿ�]Ω��sX�Bz�O

w���C

�º�e��C 
º�]�úifα�x}π�u���μAª
iα�PY½�⌠ptΓk�DCY�±


º�x}]iα�Pú}��GA]��{�NΣμCíp≤e���x}°@
ºCⁿw@���C

¡ε

u¡εv��i²zbí�L{ñ¡ε��ñΓAH�¡ε�����Xzí��d≥C��Az]iHN�

R¡ε�t�p≤�j≥����±���C

�yΩ�H�o��KnC ÷@Uu�yΩ�v��Mμπ��R��AH�U��[ε
�≥���±B�

p�P�j�CKni����[ε�A�¡w�yu[ε�vσrΦ�ñ�ⁿw�e n �[ε�C÷@Uu½

s�yΩ�vA≤s�tKnC

wq¡ε

v ñΓC oi²z�qní����M/�nϕ@w��Bz����XC@δ	ÑAU�R���P�Qϕ

@í��¼ñ�]��Pw���CuñΓvi���z�μu�ϕ@w����v���÷¼í�A�

�ú���ΣLkQϕ@w�����]�í��Ao�i²w��¼≤δ�CoO�@αⁿw�O��

]��ϕ@w���������¡εC

v �p�P�j�C oXμi²zⁿw����i�í����p�P�j�CYí��¿bd≥�A{�

�ΓXΣL�A�
Σ
d≥�í���εA�OΓX�qF
W¡�ε]��\UΦ��jΓ��C�

�buΦkv��ñ∩�Fuu�jkv�����í�OA�α��oXμC

v ��¡JC í���i@�����A²����Mⁿ
i@B¡εF�pA@�axñ�H�	�Oπ

�Ah°f�ßO�≈Bhúα���C�μi²zⁿwi
ⁿ��p�BC�pAYn≥oπ��Az

nⁿw 1 @��J�BFYn≥o�J��
±���Aznⁿw 0.01C@δ	ÑA���J��±�π�

�H�J�BCUϕπ�ϕí��� 6.64823]�Je��AúP��J�p≤B@C

ϕ 2. �J�G.

�J�B �J 6.64832 ��

10 10

1 7

0.25 6.75

0.1 6.6

0.01 6.65
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�ú�jq≥�����C @δ	ÑA�R��Yπ�i⌠pí��¼�¼≈��AL��h�≥��Aú�

Qí�Bϕ@w����Czi∩��ú�t≥��±��¬���C�pAYzΓ≥���±W¡w� 50A

h≥��tqWL 50% ��R��Nú�Qí�A]ú�Qϕ@í��¼ñ�w��C

ΓXW¡C Y����ⁿwF�p���j�]��\Wz��p�P�j��Ah{��	�ΓX[ε�A

�
���X�≤ⁿwd≥�CY∩C�[ε�Γ�Sw��ºßA�O�≥o���XA{��	�Γ�Σ

L�¼���XA�½�[ε�Γ�{�CYΓ�[ε�P��FSw��ºßA�O�≥od≥�����

XAh�o���C

��NAW[o����W[Bz�íCY{�ßO�h�íA�LkΣ
AϕΓ��A��dⁿw��p�

M�j�A�TOo����TC

ΘX

π	C �εΘXπ�CπΘí�Kn�π�X�AΣñ]tí�WμB�N]w∩�π°≤Wμk�Bwí�

�]��B�úú�í��]��Bí��CÑ�÷ϕμCY�ⁿw��A]�π��R���¡εC

v í��¼C o
�π�]��Pw���í��¼A�]tμ�q�¼B�¼��AH�wí����qC

v yz��pqC o
�π�wí����]��ºyz��pqC∩≤����Ayz��pq]t�l

ΘJΩ�]í�e�Bí��]wí��P�πΩ�]�l�[Wí��í�ß��Aiμí���¡í

�B��B��tB�p�B�j�C∩≤�O��Ayz��pq]t�lΘJΩ�]í�e�Bí�

�]wí��P�πΩ�]�l�[Wí��í�ß��Aiμí����qP�O��±C

�N�{C ���π°≤Wμí�k�AzinD]t�N
{Ω��Ω��AHiμ FCS í�CΩ���

�wí�����NMí�U��]��AH]t¡í�M��tCzi�sΩ��A≤U�⌠�í¼�C

MULTIPLE IMPUTATION ⁿO�ΣL\α

ⁿOykyÑ]iH²zG

v ⁿw�π�yz��pq���l�]IMPUTATIONSUMMARIES �ⁿO�C

v bμ@�{�⌡μñⁿw≥��íPí���RC

v ⁿwí�����	\��¼���j��]÷Σr MAXMODELPARAM�C

p��π�ykΩTA��\mⁿOyk�
ΓUnC

��h½í�Ω�

��h½í� (MI) Ω���A�sWs��A]NO�����í��� Imputation_AB���H�W��

��Ω��C�lΩ���[ε�π��� 0Cwí����[ε��Qs	 1 
 MAΣñ M Oí��C

}
Ω���A� Imputation_ ��NϕΩ���iαO MI Ω��C


�h½í�í�Ω��iμ�R

Ω��	���±��O∩���AΣñ Imputation_ �@�����A�αb�Rñϕ@ MI Ω����C

τiwqΣL��W���C

b\αϕWA∩�G

Ω� > ����...

1. ∩�±��OC

� 3 � h�í� 13



2. ∩�í�� [Imputation_] @���[ε������C

��AYz}
��]��\UΦ�A���í�� [Imputation_] ���	C


�wí���P[ε�

zi��xsμI	CΓBr¼P�Θr]�≤wí����A
�wí���P[ε�Cϕzb�e�Ñq

@�ñ��t�uí�≥��v�sΩ���Aw]�}
��\αCϕz}
]tí��wxsΩ���A

�÷¼��\αC

Yn}
��A�quΩ�sΦ�v\αϕ∩�G

�° > �	í�Ω�...

�i÷@UuΩ�sΦ�vñuΩ�°�vΣsΦCkt�í���÷sA}
��C

bí�ºí��

1. b\αϕWA∩�G

sΦ > ��⌡�í�...

2. qU�Mμñ∩�í�]��lΩ��C

��AiHquΩ�sΦ�vΣuΩ�°�vñsΦC�U�Mμ∩�í�C

∩�í��A�Os�∩[ε��mC�pAY�l�Ω��ñ� 1000 �[ε�Ah[ε� 1034]�@�í

�ñ�� 34 �[ε���π�≤⌠μ��CYzbU�Mμñ∩�í� 2B2034 [ε�Ahí� 2 ñ��

34 �[ε��π�≤⌠μ��CYzbU�Mμñ∩��lΩ�A[ε� 34 �π�≤⌠μ��Cbí�ºí

s²�A]�Os�μ�mAp�Nα�P±�í�ºí��C

α½PsΦí��

��	�⌡μwí�Ω��α½C�pAzi�o�Ω���í���O²A�N�Gts�s��C��í

�Ω��pΓX��AYP���lΩ�pΓX��úPA�Q°�wí�C

YzbuΩ�sΦ�vñ�YxsμsΦí��A�xsμ
�Q°�wí��Cú��Ho�ΦísΦí�

�C

�Rh½í�Ω�

\h{�úΣ�qh½í�Ω����RñX��GC}
í��O�AΣ�X��{���π�@�p�

�C�pAbu�Rv\αϕ�uyz��pqvl\αϕñAu���tϕvBuyz��pqvBu�

�vBuμeϕvúΣ�X�A	u±vvBuP-P �vMuQ-Q �vh�C

ϕCíΘXM�¼ PMML úiHX�CnDX�ΘX�ú�ns{�F	Ou∩�v∩��W���s��A

²z���εh½í�ΘXC

v ϕCíΘX�X�C ��w]Aϕzbh½í� (MI) Ω��⌡μΣ��{��A���ú�]tFUí

�B�l]�í��Ω�BwX�]����G��GAo�bí�í���ú�Q�J
qCX���

pq��{�	úPC

v PMML �X�C zτiq	X PMML �Σ�{��oX�� PMMLCX�� PMML ]OH�P�Φ

ínDA²P�X�� PMML úP�OA�Qxs��C

úΣ��{��ú���GúOwX�ΘXA]úOwX� PMML �	C
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X�Ñ�

ΘX���UCΓ�Ñ�º@X�G

v μ�X�C �i�≤X����C

v μ�qX�C wX����BΣ���B�w�pqP�����Bp-�BHα
íH�X�E�]≥�

ΩT���B�∩�αB�º��∩Wq�ÑAYi��ú�π�X�C

q��X�Y�]jkP�÷�B¡í�]P¡í�tº����Cϕ�i���pq�����AN���

μ�qX�A�h���μ�X�C

Σ�X��{�

UC{�bw∩UΘXⁿw�X�{�WΣ� MI Ω��C

���tϕCΣ�UC\αG

v u�pqvϕμbμ�qX�ñΣ�¡í�]pG]nD¡í��������Abμ�X�ñΣ��� N

M≥� NC

v u���tvϕbμ�X�ñΣ���C

�z��pqCΣ�UC\αG

v u�z��pqvϕμbμ�qX�ñΣ�¡í�]pG]nD¡í��������Abμ�X�ñΣ

� NC

μeϕCΣ�UC\αG

v uμeϕCvϕμbμ�X�ñΣ���C

¡í�CΣ�UC\αG

v u°ivϕbμ�qX�ñΣ�¡í�]pG]nD¡í��������Abμ�X�ñΣ� NC

μ@�� T �wCΣ�UC\αG

v u�pqvϕμbμ�qX�ñΣ�¡í�Abμ�X�ñΣ���C

v u�wvϕbμ�qX�ñΣ�¡í�tºC

W
�� T �wCΣ�UC\αG

v u�O�pqvϕμbμ�qX�ñΣ�¡í�Abμ�X�ñΣ���C

v u�wvϕbμ�qX�ñΣ�¡í�tºC

¿∩�� T �wCΣ�UC\αG

v u�pqvϕμbμ�qX�ñΣ�¡í�Abμ�X�ñΣ���C

v u�÷�vϕμbμ�X�ñΣ��÷P NC

v u�wvϕμbμ�qX�ñΣ�¡í�C

μV�º��RCΣ�UC\αG

v u�z��pqvϕμbμ�qX�ñΣ�¡í�Abμ�X�ñΣ���C

v u∩±�wvϕμbμ�qX�ñΣ�∩±�C

u�VX�¼CΣ�UC\αG

v u�z��pqvϕμbμ�X�ñΣ�¡í�P��C

� 3 � h�í� 15



v uTw�G⌠pvbμ�qX�ñΣ�⌠pC

v u⌠p@�º���vϕbμ�qX�ñΣ�⌠pC

v ⌠pΣt¡í�Gu⌠p�vϕμbμ�qX�ñΣ�¡í�C

v ⌠pΣt¡í�Gu¿∩±�vϕμbμ�qX�ñΣ�¡í�tºC

uº�u��¼vPusq⌠pΦ{ívC o�{�Σ�X�� PMMLC

v u�O��ΩTvϕμbμ�X�ñΣ���P��±C

v us≥��ΩTvbμ�X�ñΣ���P¡í�C

v u��⌠p�vϕμbμ�qX�ñΣ�Y� BC

v ⌠pΣt¡í�Gu⌠pY�vϕμbμ�X�ñΣ�¡í�C

v ⌠pΣt¡í�Gu⌠p�vϕμbμ�qX�ñΣ�¡í�C

v ⌠pΣt¡í�Gu¿∩±�vϕμbμ�qX�ñΣ�¡í�tºC

��q�÷�RCΣ�UC\αG

v u�z��pqvϕμbμ�X�ñΣ�¡í�P��C

v u�÷�vϕμbμ�qX�ñΣ��÷P NC��NAbX�ºeA�� Fisher’s z α½�α½�÷AM

ßbX�ºßiμ
Vα½C

��÷�RCΣ�UC\αG

v u�z��pqvϕμbμ�X�ñΣ�¡í�P��C

v u�÷�vϕμbμ�X�ñΣ��÷C

u�jkC �{�Σ�X�� PMMLC

v u�z��pqvϕμbμ�X�ñΣ�¡í�P��C

v u�÷�vϕμbμ�X�ñΣ��÷P NC

v uY�vϕμbμ�qX�ñΣ� BAbμ�X�ñΣ��÷�C

v u�÷Y�vϕμbμ�X�ñΣ��÷�C

v u�t�pqvϕμbμ�X�ñΣ�¡í�P��C

G
�N�jkC �{�Σ�X�� PMMLC

v uΦ{íñ��vϕμbμ�qX�ñΣ� BC

h�í�N�jkC �{�Σ�X�� PMMLC

v u��⌠p�vϕμbμ�qX�ñΣ�Y� BC

��jkCΣ�UC\αG

v u��⌠p�vϕμbμ�qX�ñΣ�Y� BC

�O�RC �{�Σ�X���í XMLC

v u�O�pqvϕμbμ�X�ñΣ�¡í�P����C

v uX���O�x}vϕμbμ�X�ñΣ��÷�C

v uσ¼
Oτ�Y�vϕμbμ�X�ñΣ�����Y�C

v uU�½�Wτ�vϕμbμ�X�ñΣ�����Y�C

v u��τ�Y�vϕμbμ�X�ñΣ�Y�C
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dΦ�wCΣ�UC\αG

v u�z��pqvϕμbμ�X�ñΣ�¡í�P��C

v u���tvϕμbμ�X�ñΣ�[ε��C

G�í�wCΣ�UC\αG

v u�z��pqvϕμbμ�X�ñΣ�¡í�P��C

v u�wvϕμbμ�X�ñΣ���B[ε±�M�w±�C

⌡μ�wCΣ�UC\αG

v u�z��pqvϕμbμ�X�ñΣ�¡í�P��C

μ@�� Kolmogorov-Smirnov �wCΣ�UC\αG

v u�z��pqvϕμbμ�X�ñΣ�¡í�P��C

Γ�W
���wCΣ�UC\αG

v uÑ�vϕμbμ�X�ñΣ�¡íÑ�P��C

v u���tvϕμbμ�X�ñΣ���C

h�W
����wCΣ�UC\αG

v uÑ�vϕμbμ�X�ñΣ�¡íÑ�P��C

v u���tvϕμbμ�X�ñΣ�p�C

Γ��÷���wCΣ�UC\αG

v uÑ�vϕμbμ�X�ñΣ�¡íÑ�P��C

v u���tvϕμbμ�X�ñΣ���C

h��÷����wCΣ�UC\αG

v uÑ�vϕμbμ�X�ñΣ�¡íÑ�C

Cox jkC �{�Σ�X�� PMMLC

v uΦ{íñ��vϕμbμ�qX�ñΣ� BC

v u@�q¡í�vϕμbμ�X�ñΣ�¡í�C

h½í�∩�

uh½í�v���εΓ�Muh½í�v�÷�	n]wG

uí�Ω�v��[C ��w]At�í�Ω��xsμPt�Dí�Ω��xsμI	CΓNúPCúP�

[�í�Ω��²��Ω��MMΣo�xsμ�oe÷CziH�≤w]�xsμI	CΓBr¼A�²í

�Ω�H�Θ�¼π�C

�RΘXC �s��ε�Rh½í�Ω���A�ú���°�ΘX�¼C��w]AN�w∩�l�]í�

e�Ω��MC�í�Ω��ú�ΘXC��A∩≤Σ�í�Ω�X��{�AN�ú����X��GC⌡

μμ�qX��A]Nπ�X�E�CúLAziH⌠
⌠≤zúQ�ú�ΘXC

Yn]wh½í�∩�

b\αϕWA∩�G
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sΦ > ∩�

÷@Uuh½í�v��C
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