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§2.1.1 N��O

1. Ê�(mass screening§census)"=�¡N�§�éN���S�Üé�?1N���{§

Ù8�´Ýº,��:!�½��S�ïÄé��Ä��¹§X<�Ê�!;�<âÊ

��"<�Ê�´Â8!?�!µd!©Û9Ñ�,���/«3��A½�Ï<�9

k'²LÚ�¬]���L§§§´­��I�N�§X1990c�I1og<�Ê�"

Ê��`:´'�krº/ÝºïÄé��Ä��¹§;�Ä�N�¥�Ä�Ø�§�

I��þ�<!ã!ÔÝ\§´Ñy¢¦!duë�<
õ
IOØ´Ú�§�5��

¡N�~~�·u�£ãïÄ"

2. Ä�N�(sampling survey)"�â�Å��K§lïÄé���N¥Ä��½êþ?1N

���«N��{"�ÅÄ��{kõ«§XüX�ÅÄ�( simple random sampling,

SRS)!XÚ(systmatic) Ä�!©�( stratified) Ä�!�+½8á(cluster) Ä�Úõ�

ã(multistage) Ä��§3¢SA^¥��âäN�¹ö�ÚN�"Ù`:´��!²

L!´uö�§·^��2§O(5��Ð"��y��éuoN��L5§¤Ä��

Av
�§Ä�A�Å§N�ü AÓ©Ù"

¢Só�¥§��±kÙ§a.�N�§X�YN�½;.N�§§´3�Nï

Äé�¥À��OïÄé�?1�N�"ä¡N�(cross-sectional study) ´3,�A½

�méN�é�9k'Ï�?1ïÄ"61¾ÆïÄ¥�~~^�¾~�éì(case-

control)ïÄÚè�(cohort)ïÄ(��Ù/LOGISTIC £80)"

N�AkOy!k|�!kÚ½/?1§N��Y�SNA�)N�8�!N�é

�!N��8!N�L!N��{!N�<
!N��|�¢�!�þ���N�?Ý

�"¢��§N�
�²L�Ô!±�±�»��§�Ð?1ýN�!E�Úêâ�þ

µd�"

N�êâ�©Û�{Cc5uÐé¯§ÙÄ�g�´�Äù
N�¤äk�A�§

XÄu�O�õ�ãÄ�N�¥�\�§XOSRISIS!SUDAAN!PC CARP§Stata 5.0J

øNõù�a��{"�Äêâ/�©Ù�/n&EXÚ(GIS)�{( XSPLANCS)�"

§2.1.2 ¢��O

"ÚO¢��O��K

1. éì(control)"�
üØ�¢�Ï��Z6§3?1¢��O�AT�áéì|§¿Ó

¢�|����Ó�*	"X*	,«Zý��é�Ö"c5«É�K�§�ÀJ�
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|�Ö��ù«Zý§,�|Ø�Zý§m��½�m�2éü|�Ö�Éù�x¹

þ?1'�"

2. �Åz(randomization)"´�z�ïÄü kþ��Å¬Sü�,�*	|¥�§�±

�Ø¢�¢���XÚ �"eÃ«|§K�Åz´�Å��¢��gS±9¢S©

�Ï��Y²"Ñy«|KAéz�«|S�¢�?1�Åz§,�é«|¢��g

S?1�Åz"

3. ­E(replication)"�¢�|�éì|þ�kv
���¹þ§ùÏ�z�*	ü äk

CÉ5§­E*	éu�	�A�²þY²�CÄ�¹´kÃ�"�«¢��{´3

Ä���O¥z«�¹e�|Ü��½�¢�ê8§,�«´�Ä�¢�L§L�±

����¸^�§X§Ý!�Ý§ù
^�¡�D(Ï�"

¢����5´�3Ó�1é�3ØÓ��m½�dCþÿþ�§êâ���5§

��±�Ó�oNÄÑÙ§������5[12]"

#~^¢��O[1]

1. ���Åz�O(completely randomized design)´�«�{ü�¢��O§vk«|"k

�â¢�8�ÀJ¢�é�§,�^�Åz�{ò*	ü ©O©�¢�|Úéì|§

¿��ØÓ�?n"

2. �Å«|�O(randomized block design)´òaq�¢�é�©�Ó�|¥§¡�«|(block)§

�«|�ÉØÓ�?n§z«|�¹�¢�ü�ê�?nê"3z�«|¥z�¢�é

��É=�«?n´�Å�"�é¢��O´�Å«|�O�A~§�O�,
A�

�Ó�ü�¢�é��¤�é§���Á�§,���éì"3�Å«|�O¥§e¢

��?nê�uz�«|¤UNB�*	ü ê�§^²ïØ��«|�O(BIB)§Ù

A:´µ¤k«|���Ñ��¶Ïf�Y²ÑygêÑ��§zY²3z«|S�õ

�UÑy�g¶?�éY²Ó�Ñy�gê�Ó"

3. ��¢��O(crossover design) ´r¢�é�©�ü|§3¢��1��ã§`|�É

?n§¯|�éì¶3¢��1��ã§¯|�É?n§`|��éì"¢��Äkò

¤ké�U,«5G�é§,��Åû½z�é��Á�^S§²L���ã�§?n

|�éì|��"

4. .¶��O(Latin square design)´¦^k�.¶i1ü¤�k x k�
�nÏ�kY²�

�O§3.¶�¥§z�i13z1z�¥�Ñy�g§¢��kUüÏ�Sü1Ú

�§2U1n�Ï��Y²�Å©�z�.¶i1"

5. ÛÏ¢��O(factorial experiment design) ´Ó�u�ü«½ü«±þÏ��A�¢�

�O"¢��{´Äk(½�Ï��Y²§,�U�Ï���Y²�|Ü(½¢�?

n§z�ÉÁé��Å/�É?n"Ù`:´�±
)Ï���p�A"du�Xk �

O�¢�gêO\§~~æ^Ü©(fractional) ÛÏ�O"

6. ��¢��O(orthogonal experimental design) ´3ÛÏ�O�Ä:þuÐå5�§ÙÄ

�g�´^¦�U��¢�gê��¢��8�"¢��Äk(½Á��Ï�ÚY²§

,��â��LSü¢�"XL4(2)3 L«^4gÁ�Sü��3�Ï�§zÏ�üY²�

Á�"k��âI�§�=¦^��L�Ü©�5SüÁ�"
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7. �«¢��O(split plot design) ´���Å�O��Å«|�O�(Ü��O§Ó��

�Ï�Ú�p�A�ïÄ"3�Å«|�O¥§�U©Û��?nÏ���AÚ��

«|�A§eI�©Û#�Ï��«|é�êÃ{O\§KAæ^�«¢��O"

8. i@½��O(nested design) ´òÉÁé�¤|/©�,Á�Ï�ØÓY²e��«�

O�{"�Á�é�¤+Ñy§ØBuéz�é�?1�Åz?n§�U¤|/�Åz

©�"

9. �A­¡�O[6,7] �A­¡�{(response surface model RSM) ´ÏL�X�Á�5¼�

�ACþ���ÿþ§¿�û½���Ü·��.§�ªû½¢�Ï���Z�Ü"�

A´ÿþ��þ§Ù�b��±ÏLUCÏ��Y²
Cz"��Aý��±dÏ�

�,«¼êª5L�§éÙTaylorÐmª?1�
��§�rù«'X±õ�ª�/ª

L«Ñ5"3AÛþ§�A�Ï��'Xª�^�²¡L«§��±���ã�/ªL

�"õê�A­¡�ïÄ´��S0L§"Äk§�Ä�UK��A�Ï�§,�?1

¢�§��ù
Ï�´Äý�kK�§2Zy#��{"

±e±�A­¡�~?1��[0�"

aq/§©Û¥�Ï�´�¢�¥�½�ØÓ��Cþ§��5`§¢�´^Ï�

ØÓ�Y²��5ïÄa,���A§��'%�Ï�¡�OÏ�§é�Ak�½K

��vk��,��Ï�¡�«|Ï�"¢��8���´;��OÏ��«|Ï�

�·,"¦^��·,�E���O�§¤kÏ�k�ÓY²q§q´�ê½�ê��g§

�����2§ù¿Ø¿�XüY²Ï���OØUkü�±þ�«|§���±^A

�üY²�Ïf5IPü�±þY²�Ï�§±e�~f´^n�üY²�Ï�5I

P��8Y²�Ï�"

P1 P2 P3 F

0 0 0 0

0 0 1 1

0 1 0 2

0 1 1 3

1 0 0 4

1 0 1 5

1 1 0 6

1 1 1 7

Ï�Pi =´^u���ÑÏ�F�Y²§Ï
¡�Ï�( pseudo factors), F¡��Ñ

Ï�"��5`§k�qY²��Ï��)��qk Y²��ÑÏ�"«|Ï�´�ÑÏ�§

Ù�'é�P¡�«|�Ï�( block pseudo-factor)"3��·,�O��E¥§qY²�

Ï�§̂ q�m g��¢�§�±«©Ùc¡�m�Ï���¡�|Ü§rc¡�m�Ï

�¡¢�IPÏ�(run-indexing factors)"�O�©E(resolution) U
û½�±ÕáuÙ

¦Ï�
�O��Aê8"X©E�5��O¤k�Ì�A�üÏf�p�±�O"


©E�4 �¢�K,
üÏ���p¹k·,"��`5§p�©EI���5��¢

�"Box �Draper �Þ
�A­¡�O�14 �A5§y�Xeµ

1) 3ïÄ«�R S�)÷¿�©Ù"
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2) �y3,:X ?�[Ü�ŷ(X) �d?�ý�¦þ�C"

3) U�B/wÑ[ÜØ�(lack of fit)"

4) U
?1êâ=�"

5) #N?1«|¢�"

6) #N4OgS��OU
�g�)"

7) JøØ��SÜ�O"

8) 3êâk���ÅÄ½ l��©Ùb��Ø¯a"

9) �I���þ�¢�ü�ê"

10) Jø��{ü�êâ�ª§Ï
U
/?1�
�ä"

11) O�{B"

12) �gCþX u)Ø��§�O�1�-<÷¿"

13) ¿ØI�gCþØ�¢S�Y²ê"

14) Jø����½~(constancy of variance) b��u�"

Ù¥��­���1)−3),5)−7),9),11)"

¢���5(orthogonality)�¹Â´[Ü��.����pÕá"�^=5(rotability)

K�y�A��O==�Ï�l¢�¥%�ålk'"�A­¡�Ä��¯K´�O

­¡¸:��I§�~^�´���OÚ���O§Ù���O�.�/ª´µ

Y = β0 + βX + ε

eε�þ��"§Kþ�ý��µβ0 + βX

���O�¹Ï���p�g�2§Y = β0 + Xβ + X ′BX§Xµ

y = β0 + β1x1 + β2x2 + β11x
2
1 + β12x1x2 + β22x

2
2 + ε

ù�§

B =
(

β11 β12/2

β12/2 β22

)
²L�: ��£ÄÚ�I�^=§þª�L��µ

y − c3 = λ1(x1 − c1)2 + λ2(x2 − c2)2, λ1, λ2 > 0

@o(c1, c2, c3) =´¸:����O"Ï��O��¼êI�z�Ï���k3�Y²§

·��±¦^3k�ÛÏ�O5¢y§z�Ï�3−1, 0 Ú+1 n�Y²§k=2 �kÊ��

O:"�k O\�§¢��gê�O§ù��^¥%EÜ�O(central composite design,

CCD)5)û§=lÏ~�ÛÏ�Om©§O\2k �¶:(axial points) ¿�3¥%:õ

�Ag¢�"ù«�{�¢�gê���3k ��"

Box-Wilson �O´��¥%EÜ�O§dnÜ©|¤µ�����½Ü©�2kÛ

Ï�O§Ï�Y²±−1Ú+1?è§¡�ÛÏÜ©"§kn0 ≥ 1 �¥%:§l�O¥

%α�Ý�ü�¶:§¡��O�¶:"o��Okn = 2k + 2k + n0�¢�:"X�
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�n0 = 1, α =
√

2, k = 2 ��O�µ

D =



x1 x2

−1 −1

1 −1

−1 1

1 1
√

2 0

−
√

2 0

0
√

2

0 −
√

2

0 0



#(0,
√

2)

#(-1,1) #(1,1)

(−
√

2,0) (
√

2,0)

# (0,0) #

#(-1,-1) #(1,-1)

#(0,-
√

2)

�α =
√

2�O´�^=�§Ï�¤k¢�:3�»�
√

2 �¥þ"3k=3�§α~�

�23/4 = 1.682, n0 = 1 �§=k15g¢�§
33 = 27g"

Plackett-BurmanÚ\n = k + 1�k CþÜ©2Y²ÛÏ�O§=�n�4��ê��

±¢y"�O�8�´¦�O3d�U±��U�°Ý�O¤k�Ì�A"en ´2 �

�g§¿�n > k+1§Ïfm�,
�pK��UéÐ/�O"n´2��g�§Plackett-

Burman �O�IO�Ü©2Y²ÛÏ�O�d"§���
n = 4, 8, 12, ..., 100 g¢�

ek = 3, 7, 11, ..., 99 �Ï��Sü�{"�Eù«�O§�±ù��µJ�d+1 Ú−1 �

¤�1§¦Ù+1Ú−1�ê8©O�(k + 1)/2Ú(k− 1)/2§5¿ù�duk + 1´4��ê


U
�Ø"±����E�±l1��£Ä�� �§�£k− 1g"��§2J\�

1��−1 �1
��n = k + 1 ��O"y±n = 12, 16, 20, 24 �~§�OÝ
�1�1

�±´µ

n=12 ¦¦¨¦¦¦¨¨¨¦¨

n=16 ¦¦¦¦¨¦¨¦¦¨¨¦¨¨¨

n=20 ¦¦¨¨¦¦¦¦¨¦¨¦¨¨¨¨¦¦¨

n=24 ¦¦¦¦¦¨¦¨¦¦¨¨¦¦¨¨¦¨¦¨¨¨¨

�������O§Ì�£Ä(n − 2)g§2O\�1ÎÒþ�/¨0Ò�1"¤kù


�Oþ´äkE,alias(��©)0.�O[2]"

Box-Behnken�O´ÏL|Ü2Y²ÛÏ�OÚ²ïØ��«|�O( BIB)
¼"X

yk��4 «?nÏ�6 �«|�BIB§z�?n3¢�¥Ñy3 gµ



x1 x2 x3 x4

? ?

? ?

? ?

? ?

? ?

? ?





xi xj

−1 −1

1 −1

−1 1

1 1





18 1�Ù ÚOÆÄ��£

y^m>�22 �ÛÏ�O�|Ü§3�>�(Ò^xi �O§m>�(Ò^xj�O§

vk(Ò��W¿"§��2O\A�¥:§yO\n�§=�����27�:��O"

��/§ù«�OØ´�^=Ú«|���"

�`�O�OK"�5�.Y = Xβp×1+ε¥β�p��&«�β : (β − b)′X ′X(β − b) ≤ c´

��ý�"p�Ì¶�Ý�²�´(X ′X)−1�A��"�
�k¶�ÀJX��{Ò�±

lù
�¼�"XA!D!E�`"X22 �O´���§òüÏ�x1, x2 êâ?1C�§¿

���?1§K�O´D�`�"��yÙ��5§Px1, x2 ü�Y²©O´(1,a)!(1,b)§

K¤k�U�|Ü´(1,1)§(1,a)§(1,b)§(a,b)§yP�A��A*	�´Y1, Ya, Yb, Yab§'

uù
:��A­¡�§/ª�[8]µ
Y1

Ya

Yb

Yab

 =


1 −1 −1

1 −1 1

1 1 −1

1 1 1


 β0

β1

β2

 +


ε1

ε2

ε3

ε4



β̂ = (X‘X)−1X‘Y =
1
4

 1 1 1 1

−1 −1 1 1

−1 1 −1 1




Y1

Ya

Yb

Yab


β̂0, β̂1 ���x1, x2 Ì�A��O"

$¢�ïÄ¥�Ø������¹þ

Ø�kA«§=µÄ�Ø�!XÚØ�!�ÅÿþØ�ÚL�Ø�"~�Ä�Ø���

{´¦��35�þÚêþþU
éoNäk�L5§��¹þ��O�{��k';Í"

XÚØ�   �����§lØÓ§ÝþZ6ïÄ(J§A¦å\±;�"ó,E¤��

ÅØ��ÏL­Eÿþ5�Ø"L�Ø�ØAÑy"

�!���Ü©�SN3SAS/STAT ADX÷�SAS/QC�9�õ§Minitab 10�B\þã

¢��O�{"Epi Info ^�Jø
61¾ÆïÄ��������{"

§2.2 Ä:ÚO©Û�{

§2.2.1 Ä:ÚO�{

b�X1, X2, ..., Xn´5g©ÙF (x; θ)�����§Ù¥©Ù¼êF (x; θ)�/ª®�§ë

êθ��"ëêÚO©Û�)éëêθ��OÚu�"

P��ÚOþTn(X1, ..., Xn)�ëêθ�¼êg(θ)����Oþ§§�`û5k�
µdI

O§~^�kÃ 5(unbiasness) !̀ �5( efficiency)!�Ü5(consistency)�ØC5(invariance)�"

eEθ[Tn] = g(θ)é¤kθÚn¤á§KTn´'ug(θ) �Ã �Oþ§EθL«'uθ�Ï""Tn´

Ã �Oþ���Rao-Cram érØ�ª�e.§K�g(θ)�`��Oþ"Tn´Ã �Oþ�¦

��Oþ����§K¡����Ã �Oþ(MVUE)"ÚOþTn´g(θ)�(f)�Ü�Oþ§

Ï~´��nO�±VÇÂñug(θ)"e���Oþ�?Û¼ê'uθ�Ï"��"§KT�

Oþ´¿©�"X�?Û©Ù�Ï"����´k��§K��þ�
∑

Xn
i=1/n�Ã �O

þ"����úª

S2 =
1

n− 1

n∑
i=1

(Xi −X)2 =
1

n− 1
(

n∑
i=1

X2
i − nX

2
)
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mà´(X1, ..., Xn) ��g.§�
�I − 1
n (1, ..., 1)′(1, ..., 1)§Ù��n− 1, �����±n− 1

�©1§�´oN���Ã �O"

w,§/��þ�+,�~þ0Ø�Ü
[(n− 1)/n]σ2 K´�Ü�Oþ"

b�θ�±L�oNr�Ýα1, ..., αr�¼êθ = θ(α1, ..., αn), αi = E[Xi
1]§Pa1, ..., ar��A

���Ý§ai = Σn
j=1X

i
j/n§KÝ{´^ai�Oαi, i = 1, ..., r"Ïd�ê½n§eoN�r �Ý

�3§K���r �Ý´�VÇÂñuoN�r �Ý�§ùéu·�^��Ý�OoNÝ"

�F (x; θ)kVÇ�Ý¼êf(x; θ)§Ùq,¼ê�Πn
i=1f(Xi; θ)§����éÜ©Ù§¦Ù��

����O¡�4�q,�O"X��©Ùþ�����4�q,�O�´ÙÝ�O"Ý

�O�UØ��§ØÓ�.�4�q,¼êL�ªØÓ§¦)�æ^�ê��{�ÒØÓ§

�~^�´Úî¨.6Ü(Newton-Raphson)�{"Ù¦�ëê�O�{k��d�O9��

�¦�O�"

u�ÚOþÑl��©Ù!t©Ù!χ2©Ù!F©Ù�©O¡�zu�( uu�)!tu�!χ2u

�!Fu�"

"üCþ�{

~^£ã©Ù ���Ikµþ�(�âþ�!AÛþ�!NÚþ��)!¥ ê(M)!̄

ê"ò��Cþ�¦ÚØ±��~ê§=´�âþ�(AM)"n ���Cþ��¦È2mng

�Ò��AÛþ�(GM)§Cþ�NÚþ�(HM)´���Cþ���ê�¦þ�§n«þ�

mk'XµHM ≤ GM ≤ AM§AÛþ��NÚþ�~^u£ã �©Ùêâ"�|Cþ

¥§50%© :�ê�¥ ê§¯ê´��¥Ñyªê�õ�Cþ�§=ªê©ÙãþéA

¸��Cþ�§é¡©ÙX��©Ù��âþ�!¥ ê�¯ê�Ó"

L«lÑ��Ikµ��(VAR)!IO�(STD)!ýé �¥ ê(MAD)!4�(R)!o

© �(IQR)"o© �´��75%© :�25%© :��§��o© ��IO����

�"

�X1, ..., Xn ´5g©ÙF (x; θ)���§r§�U,Sü�§¿PX(1), ..., X(n) Ò��


^SÚOþ(order statistic)"X(1)�X(n)¡�4�§X(n) − X(1)¡�4�½���å( sample

range)"

þãüa�I�m�3X�½�'X§X��]�µn ��u12 §STD ≈ R/
√

n¶20 <

n < 40, STD ≈ R/4¶n 3100 �m�STD ≈ R/5;n > 400 KSTD ≈ R/6¶CÉXê´��IO

�Ú�âþ��'�§�N
��'uþ�CÉ���"

 ���«­è�O´rêâ �Ú ��êâ�K��½'~§ù�Ò��
��

þ�(α-trimmmed mean)§X20%���þ�´üàþ�K20% �*ÿ�þ�"duØ¦^=

=��ê�O§Ï
����¥ êÐ§¥ ê´0.5 − 1
2n ���þ�§Cq�50% ���

þ�"��þ��±w¤�«\�²þ§��K�êâ�­´0§�eë��O��­�1"

Ó�·��±éØÓ�*ÿ�EØÓ��§ùÒ´M-�O�g�"

£ã©aêâ��I~^Ç(rate)!�¤'(percentage)9'(ratio)�"Ç´�«�é�I§

^u,¯�u)�ªÝ§XÑ)Ç!u¾Ç�"�¤'^u£ãäk,«A��é�Ó¤k

é��ê8§X,�Æ����?I)Ó56%§å)Ó44%"'~´ü�'¯Ôu)½Ñy

gê�'�§X<�ÚO¥�5'"

��ÚOãÌ�k��ã(histogram)Ú^ã(bar chart)!�ã(pie chart)!ª�ã(stem-

and-leaf plot)!��ã(Box-and-whisker plot)"��ãÚª�ã!��ã~^u½þêâ�£

ã§^ãÚ�ã~^u£ã½5êâ"
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ª�ã�{´��årCþ©¤Ø­U�«m§Ù������k10p, k = 0.2, 0.5, 1§p

�����K"ª�ã�ªdù
«m�¤§z«m�*	�¤
�§3��êâ��S*

	ê�Cz�N
©Ù�/G"«mkNõ«©{"

��ã�êâ�¥ êx�^ç�§ã¥�µ� ���uo© �� �§î�(Whisker)ò

��µü>���o©�§���:=�É~�"

3SPSS/PC+¥���ãx���µ�Lo©4�§§^(ÒL«¥ ê"�µüàu

Ñ�L��ò��Ø´É~��:"�µ��§*ÿ�©Ñ"e�|*ÿ�������Ý

f�üàål�u��o©4�§Kl�µüàuÑ��ò����Ú���*ÿ�(^XL

«)§e�udål��u1.5�o©4�§K^PÒO (outlier) IPù�:§���:X�

L3�o©4�^PÒE(Extreme)L«"

��©Ù´�~^�ëY5©Ù§~^N(µ, σ2)L«§Ù¥µÚσ2©O���©Ù�þ�

Ú��"â��©Ù���(X1, ..., Xn) �±��þ�Ú���4�q,�Oµ̂ =
∑

i xi/n

Úσ̂2 = (n − 1)S2/n§
√

n(X − µ)/σ Ñl��©ÙN(0, 1), 3σ���
√

n(X − µ)/S Ñlg

dÝ�(n − 1) �t©Ù"Ó�§(n − 1)s2/σ2 ∼ χ2(n − 1)"oN��95%�&«m�[(n −
1)S2/χ2

0.05;(n−1), (n− 1)S2/χ2
0.95;(n−1)] S"

éu���©Ùêâ§â¥%4�½n§3��ê���§
√

n(X − µ)/σ ÑlIO��

©Ù§Ù¥µ�oNþ�§σ2�oN��§X���þ�"éoNþ�µ�?1uu�½tu�"

��äk��©ÙN(σ2, 2σ4/(n− 1))"Ïd�±¦^u�
√

n(S2 − σ2)/
√

2S4 ∼ N(0, 1)"

lÑ5Cþ~^��©ÙÚÑt©Ù£ã"�ÄngÕáÁ�§zgÁ�¥¯�E±V

Çpu)§^�ÅCþXL«Eu)�Á�gêx§VÇ�µ

P [X = x] =
(n

x

)
px(1− p)n−x ≡ b(x;n, p), x = 0, 1, ..., n(

n
x

)
≡ n!

x!(n−x)! , n! = n(n − 1)...1, 0! = 1§Ï"�np§���np(1− p)"oNÇ�π, nπ =~êλ�

K^Ñt©ÙCq��©Ù"¼ê/ª�µ

P [X = x] =
λx

x!
e−λ;λ > 0, x = 0, 1, 2, ...,

ÙÏ"���þ�λ"

3���e�±¦^Cq(p̂ − p)/
√

p(1− p)/n ∼ N(0, 1)"3p�Cu1 ½0 �§n A��

�100"

=~2.1 >�ÅÄ�,��400 °¾~§k60% Ö�Ü�§K�&«m�µ

p̂± z0.025

√
p̂(1− p̂)/n = 0.60± 1.96

√
(0.60)(0.40)/400 = (0.552, 0.648)

u�H: p=0.50 =Ü��ØÜ��Ó50%

z = (p̂− p)/
√

p(1− p)/n = (0.60− 0.50)/
√

(0.50)(0.50)/400 = 4.000

p < 0.001 é�b��±áý"

éu©|Cþ§�ÅCþäkg�a½�f§�*	é�é�§�f½©a�ªÇ�ni, i =

1, ..., g, n = Σini§K£ãni �©Ù�õ�©Ù§ni �þ��npi§���npi(1 − pi)§���

�µ−npipj"

u�ÚOþ�Pearson χ2 ·ÜÝu�µ

g∑
i=1

(ni − npi)2

npi
∼ χ2

(g−1)
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q,'ÚOþ�µ2
∑g

i=1 ni ln[ni/npi] ∼ χ2
(g−1)

=~2.2>100�zÉö�É.�©Ù�µAµ35§Bµ25§ABµ5§Oµ35§̄ ´ÄÎÜ30:30:10:40

�'~º

Pearson χ2�µ

(35− 30)2/30 + ... + (35− 40)2/30 = 5.208 < χ2
0.10;3 = 6.251

q,'ÚOþ�µ2[35ln(35/30)+..+35ln(35/40)]=5.668

�ni�Ni�'´���§©Ù��AÛ©Ù"äkþ�n[Ni/N ]§��n[(N − n)/(N −
1)][Ni/N ][1−Ni/N ]§���−n[(N − n)/(N − 1)][Ni/N ][Nj/N ]"

=~2.3>�«¢DÆ�I�ÄÏâCÇ�4/1,000,000§Áw25,000g¥�uü��VÇº

ù´����©Ù]�§pé�§¦^Ñt©ÙCq

P (≤ 1) = P (0; 0.1) + p(1; 0.1) = e−0.1(0.1)0/0! + e−0.1(0.1)1/1! = 0.995321

&¢5êâ©Û�)�
ÚO�IÚã/L«§��)ÏéÉ~:!êâ=�!ïÄ�

.[Ü��í�"

=~2.4 >L2.1�Hoaglin, D.C.(1983) £ã20 �êâ�ª�ãÚ��þ�µ

L 2.1 20 �©Ûêâ

©Ûêâ êâ�ª�ã

28 29 -4 4

26 22 -3

33 24 -2

24 21 -1

34 25 -0 2

-44 30 0

27 23 1 69

16 29 2 1234567899

40 31 3 0134

-2 19 4 0

ùpª�ü �10 ê§��� ê"��þ�Xeµ

T(0.00) = (1/20)Σ20
i=1x(i) = 435/20 = 21.75

T(0.05) = (1/18)Σ19
i=2x(i) = 407/18 = 24.39

T(0.10) = (1/12)Σ16
i=3x(i) = 407/16 = 25.44

T(0.20) = (1/12)Σ16
i=5x(i) = 308/12 = 25.67

T(0.30) = (1/8)Σ14
i=7x(i) = 206/8 = 25.75

T(0.40) = (1/4)Σ12
i=9x(i) = 102/4 = 25.50
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ªê©Ù(frequency distribution) �L«
Cþ3����SØÓ«mþýéê8½�

éªÇ½\ÈªÇ�Cz"

 Ý(skewness) �ÿþ§~^ ÝXê§3��ã¥Whisker �m�ÝL«
 Ý"γ =

E(X − µ)3/σ3"��K�~L«� §ÄK�m " ÝXê^��O��úª�µ

g =
n

∑
i(xi − x)3

(n− 1)(n− 2)S3

������g�þ��0§���6/n"

�
�K 5§�æ^Box-Cox =�µ

y =

{
xλ−1

λ λ 6= 0;

ln(x) λ = 0
, x > 0

Hoaglin, D.C.(1989)�ïÆé¡5=��¦^�{µÜ.3�ÜêâØ­��§¦^éê

=�¶Ý.�Ü�é¡�­��§¦^²��=�¶Þ.éÌ�Ü©©Ù� 5Ú4��Ün

 5m�²ï�§^4 g��"

k����ÑÙ4�q,/ª§1¯Ù15!k��3¢��O¥�^~"

é¡ã(symmetry plot) ´^þeüà�1i �*	±ã"é¡�^�´XM − X(i) =

X(n−i+1) −XM"ã��Ç�1"¥ êXM � �3êâê8�Ûê��(n− 1)/2§�óê�

�n/2"

¸Ý(kurtosis)�I"3é¡©Ù¥§�«©Ù¥mÜ©�ªÇé©Ù�/Gk¿Â"k

δ =
E(X − µ)4

σ4
− 3

d����©Ù�âå�(leptokurtic)§ÄK�A²�(platykurtic)"��ÿþµ

d =
n(n + 1)

∑
(xi − x)4

(n− 1)(n− 2)(n− 3)S4
− 3(n− 1)2

(n− 2)(n− 3)

äìC©ÙN(0, 24/n)"

�K¸Ý��{Ï~¦^?���ê=�§Ù/ªaquBox-Cox =�µ

y = SIGN(x−XM )
(|x−XM |+ 1)λ − 1

λ

SIGN(.) ´ÎÒ¼ê§â¼êëþ�K�!"Ú��©O��-1, 0 Ú1"XM �±��þ�

½¥ ê"

É~��uÿ�±|^|(x−x)/s|¿�¦^2.70�.�§Ùþ.�(n−1)/
√

n§3n < 9�Ã

É~�§?�.��4Kn < 18ÃÉ~�§3���e§|^X < (Q1−1.5Q)½X > (Q3+1.5Q)

?1'�§Q = Q3 − Q1 ≡ IQR"dDixon, W. J.(1950) ��{´Äu^SÚOþ§ü�

�É~�^úªr10 = (X(n) − X(n−1))/R§R´�å"3n=30�§p = 0.01, 0.05, 0.10©Oé

A0.341, 0.260, 0.215§Ù.�L�Dixon, W.J.(1965). Ratios involving extreme values, Ann. Math.

Stat. 22§67-78"

��5u�§kA«�{§~^�´��ã«!£8�{XShapiro-WilkÚOþ!Filliben

ÚOþÚD’AgostinoÚOþ!Ý{u�X¦^ Ý¸Ý�u�"IO�[Ü`Ýu�´k�

u�!Kolmogorov-Smirnov(K-S) u��"K-S u�¦^²�©Ù¼êFn(x, θ) = [Xi ≤ x�ê

8]/n§θ ´��ëê"u�ÚOþ

D = | i
n
− F(i)|, i = 1, 2, ..., n, Z(i) =

(X(i) −X)
S
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´Iz^SÚOþ§F(i) = Φ(Z(i)) ����"

ã�L«�^Q-Q ã§¦^êâ©Ù© :x(i) �î�I§§�´²�©Ù¼ê�© 

:§Φ−1((i− 3/8)/(n + 0.25)) �p�I§��©Ù�A´�^��"

Wilks-Shapiro u�½W-u�. ´Äu^SÚOþ����`�Oþ�Ï~����O

�'�§�n�*	ü¤x(i) > x(i−1), i = 2, ..., n§O�b = Σi[x(n−i+1) − x(i)]ain, i = 1, ..., [n/2]§

O�Wn = b2/[(n− 1)S2]§Ù¥S ´xi �����§Wn �z© :��L§Ù�ACu1§Ä

K�Wn é��A�áý§Xêain d�L
5§du�O��K-S u�E,"3��¹þ�

u50�§W ÚOþ´Shapiro-Francia W ′ÚOþ�ûÐ%C"

SAS 3��ê�u2000 �O�W-ÚOþ§e��ê�u2000 §�<Kolmogorov D-ÚO

þ§����VÇd(
√

n− 0.01 + (0.85/
√

n))D �Ñ§Ù~^�.��0.775(0.15), 0.819(0.10),

0.895(0.05), 0.955(0.025 ) Ú1.035(0.01)"

�«{B��¹´3����§�Ä Ý�¸Ýü��I���5§�Eu�µW =

n[g/6 + d2/24]§§ÑlgdÝ�2 �χ2©Ù"|^��þ�����Õá5§æ^
�{�

�{§�O��K��*	§�Ñþ�Ú��§z�*	�gÓ�§/¤
ü�#�Cþ§

âênÚO§ü�þ��'A�0"Ï������©Ù§¦�'cké��má��§"


����'æ^Fisher ���=�"

ùp±SPSS/PC+�~§é~2.4�êâO�k'�ÚOþ"Ù§S�µ

set length 300.

data list free /x.

begin data.

28 29 -44 30

26 22 27 23

33 24 16 29

24 21 40 31

34 25 -2 19

end data.

SET SCREEN OFF.

EXAMINE X /PLOT ALL /MESTIMATOR ALL

/STATISTICS DESCRIPTIVES EXTREME.

Ù(JXe§U�Ö��µþê(21.75)!¥ ê(25.5)!5%��þ�(24.39)!IOØ(3.94)!

��(310.72)!IO�(17.63)!���(-44)!���(40)!4�(84)!o©4�(8.5)! Ý(-3.05)9

ÙIOØ(.51)!̧ Ý(10.81)9ÙIOØ( .99)"
Mean 21.75 Std Err 3.94 Min -44.00 Skewness -3.05

Median 25.50 Variance 310.72 Max 40.00 S E Skew .51

5% Trim 24.39 Std Dev 17.63 Range 84.00 Kurtosis 10.81

IQR 8.50 S E Kurt .99
A«M-�OþXeµ
Huber ( 1.34) 25.62 Tukey ( 4.69) 26.34

Hampel ( 1.70, 3.40, 8.50) 26.43 Andrew ( 1.34 * pi) 26.34
�X1, ..., Xn´ÕáÓ©Ù�ÅCþ§ÏL¦

∑n
i=1 ρ(Xi; θ)4�
��ëêθ��O¡�M-

�O"§�¹��a�Oþ§XÀJρ(xi, θ) = − ln f(xi, θ), f(xi, θ)�VÇ�Ý¼ê§·�Ò�
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�
4�q,�O"é��þ�kρ(x; θ) = (x−θ)2§dmin
∑

(x−θ)2íÑθ =
∑

i xi/n"ρ(x; θ) =

|x− θ|�)´��¥ ê"R-�OÚL-�O©O´�gÚOþ( rank statistics)Ú^SÚOþ

��5|Ü½¼ê§��þ�(α−trimmed mean) Ò´�«L-�Oþ"SAS PROC MEANS ¥

�L1 ´��ýé �( least absolute deviation, LAD)§Lp�O�d��"�IO��A§ºÝ

��O~^ýé �¥ ê(MAD)5L«§MAD=median{|xi −M |}, M=median{xi}"ùpò
±þA«M-�Oþ)ºXeµ

Hampel �O´�«”redescending” M-�O§̂ n�~ê(a,b,c) 5L�"Iz*ÿ�ýé

��uc�D�­�"§0�a �m��D��1§a�b Úb�c �m���l"�ål
½, �

uc�*ÿ��0§d?a=1.7§b=3.4§c=8.5"Andrew�Oþ�´�«redescending M-�Oþ"§

éu�P¹D��­vk:ì�Cz§
´^��²w��u­�5û½�P¹��§Iz

�ýé��uc=1.34��P¹D�­�0"Tukey �biweight �OþéuIz��uc=4.685�

*ÿ�"§Ù§�­�lm¥%:�ål¤�'~"Huber�OþéIz��uc=1.339�P

¹D��1§äk��ýé�P¹�lm"�ålO��­~�"Tukey�hinges´z��ê

â¥:þ��§^uO�Ýªã¥�o©4�"

�~��5ã«Xã 2.1µ

+-----------------------------+ +-----------------------------+

1.8 + | 2.4 + |

| * | | |

| * | | |

1.2 + | 1.6 + |

| * | | |

| * | | |

.6 + | .8 + ** |

| * | | ** |

| * | | * |

.0 + * | .0 + * ** |

| * | | * |

| * | | *** |

-.6 + * | -.8 + |

| * | | |

| * | | |

-1.2 + |-1.6 + |

| * | | |

| * | | * |

-1.8 + |-2.4 + |

+--+-------+------+-------+---+ +--+-------+------+-------+---+

-80.0 -40.0 .0 40.0 -80.0 -40.0 .0 40.00

Normal Plot Detrended Normal Plot

ã 2.1 ~2.4��ã«
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��5u�ÚOþµ

Statistic df Significance

Shapiro-Wilks .6460 20 < .0100

K-S (Lilliefors) .2380 20 .0042
��ã�ã 2.2µ

|

40.00 + --+--

| |

| |

| +-+-+

| | * |

| +-+-+

| |

| --+--

|

|

|

.00 +

| (O) CASE19

|

|

|

|

|

|

|

|

|

-40.00 +

| (E) CASE11

+------------------------------------------------------

Symbol Key: * - Median (O) - Outlier (E) - Extreme

ã 2.2 ~2.4���ã

��VÇã(P-P ã) ^uu�]����� l�¹§�:�\È'~�IO��©

Ù�\È'~±ã"e]�5gu��©Ù§K:ACu��"

�ª³��ã(detrended normal plot) ´*	��Ï"���
��ã"e��5gu

��©Ù§K¤k:Aà83"±��Y²�¥§ØATk�ª�3"

�~��ã«Úu�ÚOþþJ«TêâØÎÜ��5©Ù"

?1u��§¤æ^��{�þ����´®��´��±9*	�ê8k'§�^
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e¡�g´[15]µÄk§?1�u�´'uÇ!þ��´��º

'uÇ�u�µ´��Ç�´ü�Çº

��Ç�u�§z = (p− π)/
√

π(1− π)/n

ü�Ç�u�§¦^χ2 = Σ(o− e)2/e

'u���u�µ´���´ü�º

�����u�§¦^χ2
(n−1) = (n− 1)S2/σ2

ü����u�§¦^Fv1,v2 = S2
1/S2

2

'uþ��u�µ´��½´ü�º

��þ�u�µ��ê\30º

´§��®��¦^z = (X − µ)/[σ/
√

n]

�����¦^��IO��OoNIO�^þª?1õu�"

Ä§Cþ´���¦^tn−1 = (X − µ)/[S/
√

n]

Cþ����¦^�ëu�

ü�þ�u�µ��ê\30º

´§��®��¦^z = (X1−X2)−(µ1−µ2)√
σ2
1/n1+σ2

2/n2

�����^�����OoN��UY¦^þª"

Ä§ü�Cþ´���íº

´§�����¦^§tn1+n2−2 = (X1−X2)−(µ1−µ2)√
S2/n1+S2/n2

Ù¥S = (n1−1)S2
1+(n2−1)S2

2
n1+n2−2

��Øà�¦^t’u�"

tf =
(X1 −X2)− (µ1 − µ2)

S2/n1 + S2/n2

ÙgdÝ�(Satterthwaite’s approximation)µ

f =
|S2

1/n1 + S2
2/n2|2

(S2
1/n1)2

n1−1 + (S2
2/n2)2

n2−1

Ä§¦^Mann-Whitney-wilcoxon u�{"

±þ�{§3�ÚO^��¥¢y�ªØ�§XSAS PROC TTEST Jøü«tu�§�

�Øà�æ^t’u�"

õ���þ��u�¦^��©Û§��©Û¥üü'��kFisher(LSD)!Duncan!Student-

Newman-Keuls(SNK)!Tukey(Honestly Significant Different , HSD) ÚScheffë {§ù
u���

Ç�5�$§
�a�Ø�Å¬�Åì~�"Fisher {Å���'�(comparisonwise)��a

Ø�¶Tukey �HSD {����'�L§(experimentwise)�.aØ�§¤±?1¤kéf�

'�§
Ñ�Å¬´5%¶Duncan{?uüö�m§Ù.��ûuþ�3ü�¥ål��C§

��þ�?nÓLSD§ÄK.�O\§�o�uTukey{¶Scheffë u���Å§�%�^uÙ

§�ª�'�"XµH : µ1 = (µ2 + µ3)/2 �±�d/�¤§µ1 − (µ2 + µ3)/2 = 0§u�Ø�

�1 + (−1/2)2 + (−1/2)2 = 3/2§3SAS ¥¦^CONTRAST �é?1dau�§SAS �k�Ô

«'���{
3SPSS ¥kÔ«"'��{�À^�ûuäN¯K§X3^��î��Ô

n¢�¥~^Fisher {
3�L5¯�Ú�¬�Æ¥Tukey �{�
~^"

3SPSS/PC+¥�Tukey-B �{�´�«üü'��{§rþ�d���ü�§,�é

ü�¥z«'�¦���ål§T{¦^Tukey HSDÚSNK�þ�O�zÚ������"
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é©aêâ©Û§e=é��©aCþ§KêâÏ~^ªêLL«§§�ÑCþ��

�Úu)ªê¶ekü�½±þ©aCþ§��é��profile ½Â�§3�©aþ���§

ù��êâ�±ré��profile ëÓÙªê�å�¤ªêL¶eTÐkü�©aCþ§K

~^ü��éL(contingency table)�/ª§Ù1�dz�©aCþØÓ���¤"1���

�¤��:( cell) §�:P¹
�Aprofile�ªê¶éuõ�©aCþ§^õ��éLL«§

3SAS FREQÚCATMOD ^ØÓ��{L«"

#üCþ�{

1. üCþ�ã«~^Ñ:ã!©|���ã!ª�ã(back-to-back stem- and-leaf plot)�"

�
u�ü�Cþ´Ä��©Ù§�æ^±eÚOþµ(
X −X

Y − Y

)′ (
S2 SXY

SXY S2
Y

)−1 (
X −X

Y − Y

)
AÑlχ2(2)©Ù"

©aêâ¥§V�©aêâ�χ2u�b�µ�kNg�Ó�¢�¶�zgÁ�kk«�

U�(J¶�K �(J�VÇ�±ØC¶�¢�´Õá�¶�K��f�ýO�AêA��

�5"k'�éL­è5�?Ø��Hoaglin, D.C .(1983)§õ��éL¦^éê�5�.5?

n§�113Ù"

��1ê�R �ê�C �R×C �éLÕá5¦^Pearson χ25u�§L«R×C�éL

1�Ï��'�§ÝkNõÚOþ§Ù¥��´φ§Ùúª´µφ =
√

χ2/N§Ùe.�0§�

*ÿ��Ï"��Ó��0§
Ùþ.´
√

min(r − 1, c− 1)§ü1½ü��§þ.�1§��~

^"éu*	�f�A§B§C§D�§o�Lφ = AD−BC√
(A+B)(C+D)(A+C)(B+D)

"

Cramer’s V = φ√
min(r−1,c−1)

§Ù��´0 ∼ 1"

�éLXêCC =
√

χ2

χ2+N§χ2����Tþ��§þ.�L�O�
ªu1"

y3w��áë��¡J'X��~f"x:1=Øáë§0=áë¶Y:1=kuÙ§;¾§0=k

u¡J"�©êâXeµ

Óµ0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1

Ôµ1 1 0 0 0 0 0 0 1 1 0 1 1 1 1 0 1 1 1 0

�±��ÙÈÝ(Pearson)�'Xêr Ú�éLXê
�0.302"U�éL/ª��χ2 =

1.818"w,§χ2´x�yüCþ'X�wÍ5
�éLXê´Ù��"φ =
√

χ2/N§��^

u2x2L§éu���L¦^V ÚOþ"SAS §SXeµ

data phi;

input x y @@;

cards;

0 1 0 0 1 0 1 0

0 1 0 0 1 1 1 1

0 0 0 0 1 1 1 1

0 0 0 1 1 1 1 1

0 0 0 1 1 1 1 0

proc print;

proc corr;
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run;

proc freq;

table x*y/chisq expected nopercent nocol norow;

run;

X Y

Frequency|

Expected | 0| 1| Total

---------+--------+--------+

0 | 6 | 4 | 10

| 4.5 | 5.5 |

---------+--------+--------+

1 | 3 | 7 | 10

| 4.5 | 5.5 |

---------+--------+--------+

Total 9 11 20

STATISTICS FOR TABLE OF X BY Y

Statistic DF Value Prob

------------------------------------------------------

Chi-Square 1 1.818 0.178

Likelihood Ratio Chi-Square 1 1.848 0.174

Continuity Adj. Chi-Square 1 0.808 0.369

Mantel-Haenszel Chi-Square 1 1.727 0.189

Fisher’s Exact Test (Left) 0.965

(Right) 0.185

(2-Tail) 0.370

Phi Coefficient 0.302

Contingency Coefficient 0.289

Cramer’s V 0.302

Sample Size = 20

WARNING: 50% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.

üÇ'��õ�µ

�pA = pB ≈ 60%§Ï"pA − pB = 6%§Á¯��þØÓ��e�u�õ�º

pA − pB����
πA(1−πA)

(n/2) + πB(1−πB)
(n/2) ≈ 0.6× 0.4× (4/n) = 0.96/n

Z =
(pA − pB)− (πA − πB)√

0.96/n
∼ N(0, 1)
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�pA − pB = 0.06,H0 : πA − πB = 0 õ��µ

p

[
|pA − pB | − 0.06√

0.96/n
≥ zα/2

]

α = 0.05, Z0.025 = 1.96

k

p

[
|pA − pB | − 0.06√

0.96/n
> 1.96− 0.06

√
n/0.96

]
+ p

[
|pA − pB | − 0.06√

0.96/n
< −1.96− 0.06

√
n/0.96

]

= P [Z > 1.96− 0.06
√

n/0.96] + p[z < −1.96− 0.06
√

n/0.96]

= Φ[1.96− 0.06
√

n/0.96] + Φ[−1.96− 0.06
√

n/0.96]

�n = 50,≈ 0.07; n = 200,≈ 0.14"

���éL&¢5êâ©Û�^~§ùp�Ñ��¥ ê²w�~f(V. A. Sposito, On

Median Polish and L1 Estimators, Comp. Stat. and Data Anal., V5. N3.§1989)"

�éL�

 1 8 3

5 9 2

6 4 7

 z1¥ ê3, 5, 6

±1m©?11���Ú§z1~�1¥ ê§(J�µ

-2 5 0 | 3 -2 1 0 | -2

0 4 -3 | 5 0 0 -3 | 0

0 -2 1 | 6 0 -6 1 | 1

------------+--- ----------------+---

0 4 0 | 0 4 0 | 5

5 ´c�1�A�O�¥ ê§du1��Ú�z1!��¥ ê�0§L§Ê�§�µ1�

Aα = (−2, 0, 1)§��Aβ = (0, 4, 0)"éAu�.µ

Yij = µi + βj + εij εij =

−2 1 0

0 0 −3

0 −6 1


^��Statgraphics U
?1þãO�"

2. üCþ©Û�~^�Ãã´Cþ��5�'"��Å�þ(ξ, η) Ñl����©Ù§

ëê�(µ1, µ2, σ
2
1 , σ2

2 , ρ)§Ù¥ρ ´ξ Úη ��'Xê§y3(X1, X1), ..., (Xn, Yn)´5g(ξ, η) �

{ü�Å��§�'Xê�úª´µ

r =
∑n

i=1(X −X)(Y − Y )√∑n
i=1(X −X)2

∑n
i=1(Y − Y )2

âSchwartz Ø�ª§Cþ��'XêA3[−1, 1] S"�'Xê´ÄkwÍ5¿Â§�|

^r-u�§�Ù.�L�äÙwÍ5¶½ö¦^t-u�§Ùúª´t = r
√

(n− 2)/(1− r2)¶�

�§��±¦^Fisher �z-=�?1u�"�â�'�|S�'½|m�'�ØÓ§éfê

����{�Ø�Ó"
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3�5£8©Û¥§AT5¿�´£8�äEâ"ÙÌ�SN�µ

Ø��´Ä÷vÕá5!���5!��5"

ÀJ�5�.´ÄÜ·§´Ä�3­��'Xº

´ÄkÉ~�¬�3§=É~:º

£8�.´ÄLõ�6u,
�¬§=�.­è5XÛº

gCþ�m´ÄpÝ�'§=õ­��5º

=~2.5>L 2.2´Anscomb�E�êâ(Anscomb, F.J., 1973, Graphs in statistical analysis.

Am. Statist.,27,17-21)§co��©�n|§1��´�^�gCþx§��ü�´1o|

�x,y"

L 2.2 Anscomb(1973)�O�o�êâ~f

x1 y1 y2 y3 x4 y4

10.0 8.04 9.14 7.46 8.0 6.58

8.0 6.95 8.14 6.77 8.0 5.76

13.0 7.58 8.74 12.74 8.0 7.71

9.0 8.81 8.77 7.11 8.0 8.84

11.0 8.33 9.26 7.81 8.0 8.47

14.0 9.86 8.10 8.84 8.0 7.04

6.0 7.24 6.13 6.08 8.0 5.25

4.0 4.26 3.10 5.39 19.0 12.50

12.0 10.84 9.13 8.15 8.0 5.56

7.0 4.82 7.26 6.42 8.0 7.91

5.0 5.68 4.74 5.73 8.0 6.89

�A�SAS£8§S�µ

data anscomb;

input x1 y1 y2 y3 x4 y4;

cards;

......

proc reg data=anscomb;

L1:model y1-y3=x1;

L4:model y4=x4;

run;

(J��o|£8(J´�Ó�, y=3+0.5x, R2 = 0.667§��Ï~�u��{éo|êâ�

«©´ÃU�å�§
dí�ã��Ù/wÑí�¤Û¹��ª"

lSAS!SPSS/PC+!Stata ��±¼�£8�äÚOþ"X­�'X|^Izí��x

�:ã5uy¶��Ø��|^Izí�éx ½y ýÿ�:ã��{¶í�m��'§¦

^Durbin-WatsonÚOþ"ù
�äÚOþ3�5£8k�{ü�/ª§yò�.y = β0 + β1x + εk

'��äþ�Xe§
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1. m\(leverage)µ

hij =
1
n

+
(xi − x)(xj − x)∑

(xj − x)2

��xlþ����hijÒ�§J«��ål�)º"

ŷi = b0 + b1xi =
∑

hijyj

§�N
éy�O��K�§(n−2)(hii−1/n)
1−hii

Ñlt(n− 2) ©Ù§Ï
¢���u.���@�

´pm\:"

2. í�(residual)µÊÏí��ei = yi − ŷi§íØí��

e(−i)i = yi − ŷ(−i)i =
ei

1− hii

�N
ýÿ��¢S���§��¡ýÿí�§eI−i L«�K1i �*	��(J"

ýÿí�²�ÚPRESS =
∑

e2
(−i)i �

∑
e2 �'�N
"�*	�K�§�^uCþ�

çÀ"

IOzí�ÚÆ)zí�(studentized residual)µduE(ei) = 0, V (ei) = σ2(1− hii)§��

'�í�´ØÜ·�§̂ IOzí�ri = ei

s
√

1−hii
"PÙ������Rn = MAX|ri|§Ùþ.

��µ
(n− 2)F1,(n−2)(α)
n− 3 + F1,(n−2)(α)

,�«Æ)zí�´ti = ei

s(−i)
√

1−hii

s2
(−i) =

(n− 2)s2 − e2
i

1−hii

n− 3

Ïs2¿Ø�eiÕá§(xi, yi) �ÚOþÒ�±�¤eªµ

t =
ei

√
(n− 3)√

(n− 2)s2(1− hii)− e2
i

A5¿�´§���E�±´pK�:§^�Ó�.�?1¤k�'��Òk�U¦

ÄaØ�O�§�Ä^Bonferroni ?�"��y¤küýu�Y²´α§K.�´α§éuV

ýu�K´α/2n"

3. ¥�ål(Cooks’ D)µ

Di =
∑ (ŷ(−i)j − ŷj)2

2s2
, i, j = 1, ..., n

½µDi = r2
i hii

2(1−hii)
, i = 1, ..., n ��ÙÉri�hii �K�"

Belsey, Kuh ÚWelsch (1980) JÑ
DF q�{µ

DFFITSi =
ŷi − ŷ(−i)i

s(−i)/
√

hii

=

√
hii

(1− hii

ei

s(−i)

√
1− hii

��§�Di´�'�§==±s(−i)�O

√

2s"�d��§kDFBETA1i = b1−b(−i)1

C1s(−i)
, i =

1, ..., n, C2
1 = n

n
∑

x2−(
∑

x)2
§´b1 ���Ø±σ2 "DFBETA0i ½�d��"Welsch ïÆ^\

����¦¦�£8Xê§¦^��wi�DFFITSi ≤ 0.34 ��1§ÄK�0.34/|DFFITSi|"
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�Ä*	�éu�����
�K�§�5�O���O��'�COVRATIO �µ

n− 1
(n− 2) + ti

(1− hii)

31/n ≤ hii ≤ 2/n 9|ti| ≤ 2 �3[1 − 3/n, 1 + 3/n] S"ÄK�|COV RATIO − 1| > 3/n

�§(xi, yi) :A�±ïÄ",	§hii → 0 �§COVRATIO '�Cu1§���K�ti ��

����COVRATIO"

4. g�'�u�(Durbin-Watson test)

u�ÚOþ

d =
∑n

i=2(ei − ei−1)2∑n
i=1 e2

i

3n'���Cqkµ
n∑

i=1

e2
i ≈

n∑
i=2

e2
i−1 ≈

n∑
i=2

e2
i

�d ≈ 2− 2r = 2(1− r), r ´��g£8�.AR(1) �ëê§AR(1 ) ��.´µ

ei = ρei−1 + ui, ui ∼ N(0, σ2), V (e) =
σ2

1− ρ2

ρs = ρs ´g�'Xê§d�U����(0,4)§þã(ØBuPÁ�'�ÎÒ"

H : ρ = 0 ↔ A : ρ > 0, 3d < d?
L �áý§3d > d?

U ��É¶

H : ρ = 0 ↔ A : ρ < 0, 3d > 4− d?
L �áý§3d < 4− d?

U��É"

��/§duBox ÚJenkins g�'Ú£Ä²þ�.�/ª´µ

ARMA(p, q) : et = φ1et−1 + ... + φpet−p + vt + θ1vt−1 + ... + θqvt−q

§düÜ©|¤µ

g�'AR(p)µet = φ1et−1 + ... + φpet−p

£Ä²þMA(q)µet = vt + θ1vt−1 + ... + θqvt−q

§�áu�mS�©Û�SN§SAS/ETS!SPSS/PC+ Trend!SYSTAT Series 9TSP ^

�þ�?1�mS�©Û"

S�m��'��^i§u�(Wald-Wolfowitz) 5?1"u�´�éU�½^Sü��

�©aCþ§ëYÑy�«(J(ÎÒ)���i§§�Üi§êP�r"PÑy�Ò�ê8

�n1, n2, n = n1 + n2§â.�L§r L�½L�þL«ÎÒ�Cz´Ø�Å�"

µ =
2n1n2

n
+ 1, σ2 =

2(n1n2)(2n1n2 − n)
n2(n− 1)

z =
|r − µ| − 0.5

σ

i§u��dSAS/QC�SHEWHARTL§�¤¶3SYSTAT¥§·-RUNSO�i§u

�"

õê£8�äEâJø��Ð�{�´íØ*	þ§�Ð��{´æ^­è£8��

{"ù
�{�ïÄCc5é¹�"Ød±	§��5£8��'!�O( calibration) �{

½²~æ^"
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§2.2.2 �ëÚO�{

áuü���{kÎÒu�(sign test)!WilcoxonÎÒ�gu�!Kendallu�!Spearman

u�!K-S u�§ü���{kWilcoxon-Mann-Whitney u�!Kolmogorov-Smirnov u�§õ

��u�^Kruskal-Wallis��{[36]"

ÎÒu�´�{ü��«§§��ÄÎÒ§
Wilcoxon ÎÒ�gu��Ä
��ýé

���Spearmanu��Kendallu�´'u�'Xê�"K-Su��^u©Ù�[Ü§�χ2u

��«O´§=·uëY.©Ù§Ù°(�.�´®��§éu?¿����þ�k�"

Wald-Wolfowitz i§u��´�«�ëu�§Ùg�´µü���5guÓ��oN§

Kòü���*ÿ�·ÜU���ü�§^��i§L«Ó�|êâ�ê�§XJi§ê

é�§L²ü��5gØÓ�oN"

ù
u�(J��ä��â�LÚ��©Ù!χ2©ÙCq�{§^��õÄuCq�

{§d?�Ì�0�"

" Mann-Whitney �Úu�

k�¡Mann-Whitney U ½Wilcoxon Rank Sum W Test§́ �«�ëu�§u�ü�Nþ

©O�mÚn�Õá��´Ä5gÓ�oN§§¦^
*	��g§��¥ êu�(median

test)��k�"

H:oN1�oN2��éªê©Ù´�Ó�"

A:oN1�ªê©Ù�éuoN2��m£Ä"

u�ÚOþ�U§3U ≤ Uc�áý�b�"

�{´krm + n �*	g���üS§z����*	�SÒ�Ú¡��Ú§P�T1

�T2"?���Ó��g�Ù²þ�"����üö����≥ TU ½≤ TL �áý§TU ÚTL

�d;��L�Ñ¶����§m �n ��þA���10§�^Z-u�"

=~2.6>ÿ�Y����Y��ü|ó<�ÉY�(γ/100g)XL2.3§�äü|ó<ÉY

��m´Ä�3�Oº

�Ú(Ï"�)�µT2=59.5 (63.0), T1=93.5 (90.0)"

H: Y��ó<��Y��ó<ÉY�©Ù´�Ó�

A: ü|ó<ÉY©Ù´ØÓ�"

O�ÚOþ�µU = nm + m(m+1)
2 − T1 = (10)(7) + 7(8)

2 − 93.5 = 4.5

U �Ï"�´mn/2§��´nm(n+m+1)/12§¤±æ^��Cq§

z =
U − nm/2√

nm(n + m + 1)/12
=

4.5− (10)(7)/2
(10)(7)(10 + 7 + 1)/12

= −2.97

O�(J½�uþL"Wilcoxon �Úu��Mann-Whitney u�´�d�§k�q¡Mann-

Whitney-Wilcoxon u�"(J�dSAS PROC NPAR1WAY �½Wilcoxon À�
�§u�q

´Kruskal-Wallis ü|���¹§χ2=8.8813, gdÝ1, P=0.0029"¦^SPSS/PC+§(Jaq§

���Ó�g�§Z��-2.9801, P=0.0029§þL²ü|ó<ÉY��3wÍ�É"

#Wilcoxon ÎÒ�gu�: �éu�"

=Wilcoxon matched-pairs signed-ranks test§´�«ü���ë�{§u�ü�Cþ�©

Ù´Ä�Ó"§Øé©Ù�/G�?Ûb�§�ÑCþ���ýé�§¿d���ü�§u

��â��ÚK��Ú?1"

H: oN1�oN2��éªê©Ù�Ó"

A: oN1�ªê©Ù�éuoN2��m£Ä"
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L 2.3 ü|ó<ÉY���Úu�

ó<Ò |Ò ÉY �g

1 1 5 1.5

2 1 5 1.5

3 1 6 3

4 1 7 4

5 1 9 5

6 1 12 6

7 1 13 7

8 1 15 8

9 1 18 10.5

10 1 21 13

11 2 17 9

12 2 18 10.5

13 2 20 12

14 2 25 14

15 2 34 15

16 2 43 16

17 2 44 17

���"ö�ÑØO§¦^��K��Ú½�����Ú§3�Ú�u.��áý�

b�"3|êv
�XN ≥ 25�æ^��%C��{"

=~2.7 >^ü«r��8��xà�§ÿ½Ù_¥�)�A�¹þ(ISü /mg)§�~

|(normal)��)�"y|(deff)(J�L2.4§̄ ØÓr���JkÃ�Oº

�����ªXeµ

Z =
T− − [n(n + 1)/4]√
[n(n + 1)(2n + 1)/24]

=
1− (8)(9)/4√
(8)(9)(17)/24

= −4.20

3H e§Z > Z.05 = 1.96§�Aáý�b�"

A^SPSS/PC+¥�éNPAR TESTS /WILCOXON normal deff§kZ = -2.3805§P =.0173"

¦^�éT-TEST /PAIRS normal deff. ?1�étu�§þ�©O�3.3188Ú2.5063§��þ�

�0.8123§IOØ�0.193§t=4.21§P=0.004 "3SAS¥�±¦^PROC MEANS?1ù�u�§

�é�proc means t prt var std stderr; var d;run;"

$Kruskal-Wallis H u�: '�K �oN�éªê©Ù"

H:K�oN��éªê©Ù´�Ó�

A:��kü�oN��éªê©Ù´ØÓ�

u�ÚOþµ

H =
12

n(n + 1)
Σi

T 2
i

ni
− 3(n + 1)

Ù¥ni= 1i����*	ê, Ti=1i�����Ú, n=Σni�o���ê8
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L 2.4 �é]�ÎÒ�Úu�ü«à_¥�)�A¹þ

OBS �~r� �)�E"y| ��(d) �g

1 3.55 2.45 1.10 6

2 2.00 2.40 -0.40 -1

3 3.00 1.80 1.20 7

4 3.95 3.20 0.75 3

5 3.80 3.25 0.55 2

6 3.75 2.70 1.05 5

7 3.45 2.50 0.95 4

8 3.05 1.75 1.30 8
T+ = 35, T− = 1"d.�L§α < 0.05§Aáý�b�"

b�: 1. K���Õá¿�Å/d�g�oNÄÑ"2. �¦k�%C��­þ§z��

�A��k°�½�õ�*	"3. �g­E�§§���gü�Ð�§�vk­E���

g¦Ú�²þ
�"

=~2.8 >ïÄ�¬²LG¹�3�¤1�'X§ò�¬²LG¹©�n�"w\�#

)1:¤1m��O"�©êâXL2.5µ

L 2.5 �¬²LG¹�3�¤1�'X

e � ¥ � þ �

2.87 (10) 3.23 (16) 2.25 (5)

2.16 (3.5) 3.45 (18) 3.13 (14)

3.14 (15) 2.76 (8) 2.44 (6)

2.51 (7) 3.77 (20) 3.27 (17)

1.80 (2) 2.97 (11) 2.81 (9)

3.01 (12.5) 3.53 (19) 1.36 (1)

2.16 (3.5) 3.01 (12.5)

T1 = 53.5 T2 = 104.5 T3 = 52

H = 6.13 > χ2
.05;(3−1) = χ2

2;0.05 = 5.99, P < 0.05 áý�b�"

% Friedman u�: �Å«|�O

H: K�oN��éªê©Ù´�Ó�

A: ��kü�oN��éªê©Ù´ØÓ�

u�ÚOþµ

F =
12

bk(k + 1)
Σi

T 2

ni
− 3b(k + 1)

Ù¥b=¢�¥¦^�«|ê, k=?nê, Ti=1i«?n��Ú"3F > χ2
α;(k−1).��áý�

b�"

b�µ1. K�?n�Å©��z�«|S�K�¢�ü�"2. ��yχ2©Ù�·Ý§«

|ê½?nêþA�L°"3. �g­E�§§���gü�Ð�§�vk­E���g¦
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Ú�²þ
�"

=~2.9 >�� ¬úi?1
��ü_Á�§4±�ÉÁö�Å/¬}n«ØÓ�j

�¼!½!¾§¿rn«j��`�üS§�L2.6(Jµ

L 2.6 6 �ÉÁöµ�n«j��(J

ÉÁö ¼ ½ ¾

1 1 3 2

2 2 3 1

3 1 2 3

4 1 3 2

5 2 3 1

6 1 3 2

Ta = 8 Tb = 17 Tc = 11

F =
12

(6)(3)(3 + 1)
[(8)2 + (17)2 + (11)2]− 3(6)(3 + 1) = 7.0 > 5.99, P < 0.05

|^SPSS ÚMinitab �±?1ù�u�§SAS �«�§S¥¹kù�u��~f"

& Spearman ÚKindall �Ú�'u�

Spearman �'´|^Cþém�g��'5`²ü�Cþ�'X§du?��&E�

��§§=´��üN5u�§¿Ø´��ý���5'é"O��©Oéü�Cþ?1ü

�§r?¤��g�PearsonÈÝ�'?1O�§Ò��Spearman�'"3�Ó�g�õ�§

ïÆ^�g�\ÈÝ�'�úª¥?1O�"|^ü�*	�g��(d) �§�^e¡�ú

ª§3�Ó�g�õ�A���"

H: ��X��Y´Õá�

A: ���XªuÓ���Y�é

PX�Y�g�Ri, Ti§Ùþ���
n+1

2 , u�ÚOþ�µ

rs = 1− 2(2 + 1)
n− 1

+
2

n(n2 − 1)
ΣiRiTi

�^e¡�/ªµu�ÚOþ: rs = 1− 6Σid
2
i

n(n2−1)§����rs

√
n− 1 ÑlIO��©Ù

���τXêτ = 2
∑

i<j
iij

n(n−1)

iij = SIGN [(xi − xj)(yi − yj)], SIGN(.) ´ÎÒ¼ê"éu(xi, yi)Ú(xj , yj)§e�xi >

xj�yi > yj§K´���(concordance)§ÄK´Ø���(discordance)"����'Xê�

N
êâù«���Ø����¹§TÚOþ3*ÿ­Eê���Ø±eª5��µ

(
n(n− 1)

2
− nx)0.5(

n(n− 1)
2

− ny)0.5

Ù¥nx�ny´x�y�­Eê"

����^3τ
√

n(n−1)
2(2n+5) ∼ N(0, 1)

=~2.10 >_J¾ÏïÄ¥§,/N�����_Jk�Ç(1/20�)�, Ô¥�­t

Ó��é¹þ�'X§êâ�uL2.7§Á©Ûüö´Ä�3�'º
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L 2.7 �­t��é¹þ�_Jk�Ç

�?Ò �­t��é¹þ _Jk�Ç

X d Y d �g�

1 3.7 4 46.6 7 -3

2 1.0 2 18.9 2 0

3 1.7 3 14.4 1 2

4 0.7 1 21.5 3 -2

5 4.0 5 27.3 4 1

6 5.1 6 64.6 9 -3

7 5.5 7 46.3 6 1

8 5.7 8 34.2 5 3

9 5.9 9 77.6 10 -1

10 10.0 10 55.1 8 2

Spearman �'©Û(J

u�ÚOþ:

rs = 1− 6Σid
2
i

n(n2 − 1)
= 1− 6(42)

10(102 − 1)
= 0.7545

P=0.0133, �'kwÍ¿Â"

±þA��ëu�3^��¥¢yé�B§~2.10�SAS§S�µ

data list;

input x y ;

cards;

3.7 46.6

1.0 18.9

1.7 14.4

0.7 21.5

4.0 27.3

5.1 64.6

5.5 46.3

5.7 34.2

5.9 77.6

10.0 55.1

proc corr pearson spearman kendall nosimple;

var x y;

run;

(JXeµPearson �'Xê0.69754, P=0.0249§Spearman �'Xê0.74545, P=0.0133,

Kendall Tau b 0.51111, P=0.0397"

��±|^PROC RANK?1Cþx!y�üS§)¤�üSCþ��^uPearson�'ú

ª�ÑSpearman�'Xê"
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§2.3 õ�©Û

§2.3.1 þ��u�

1. ü��u�

�X1, ..., Xn ´ÕáÓ©Ù!5gp���©ÙNp(µ,Σ)���§Ù¥þ��þµÚ���

Ý
Σ��§y�u�b�H: µ = µ0§A:µ 6= µ0§

u�ÚOþ�T 2 = n(X − µ0)′S−1(X − µ0) §Ù¥��þ��þX =
∑n

i=1
Xi

n , ����

�Ý
S =
∑n

i=1
(Xi−X)(Xi−X)′

n−1 "3b�H¤á�^�e§ n−p
p(n−1)T

2 ∼ Fp,n−p"Ï�3wÍY²

�α�§ n−p
p(n−1)T

2 ≥ Fp,n−p;αKáýb�H§Ù¥Fp,n−p;αL«gdÝ�p, n− p�F©Ù�mý©

 :"

=~2.11>³�<Ñ^,«�Ô�§òÙÉ0ÚÉØP¹uL 2.8§ïÄ´Ädu�Ô�

^E¤�A5UC�,�½þ""

L 2.8 l�<é,«�Ô��A(J[21]

?Ò ¬ ­ ® ¯ ° ± ² ³

É0 30 90 -10 10 30 60 0 40

Â Ø -8 7 -2 0 -2 0 -2 1

ÓÜØ -1 6 4 2 5 3 4 2

y3§��þ��þX =

 31.25

−0.75

3.125

 ��Ý
S =

 1069.64 82.5 16.964

82.5 17.357 6.393

16.964 6.393 4.694


u�H : µ = 0 éA : µ 6= 0

T 2 = nX
′
S−1X = 79.064

n−p
p(n−1)T

2 = [ 5
3(7)79.064 = 18.825 > F3,5;0.05 = 5.41

KáýH,=�Ô�^E¤�UCþØ�""

oNþ�µ�^X5�O"�AuüCþ�«m�O§þ��þµ�100(1−α)%�&«�

�µ

{µ : n(X − µ)′S−1(X − µ) ≤ (n− 1)p
n− p

Fp,n−p;α}

y=Ò�~¥�Â ØÚÓÜØUC5�Ä§95%�&«��µ

0.116(µ1 + 0.75)2 − 0.314(µ1 + 0.75)(µ2 − 3.125) + 0.427(µ2 − 3.125)2 ≤ 1.50

3õCþ�§��éµ �¤k�5¼ê�Ó��&«ma,�§¦^Bonferroni {"�

~�(−5.18 ≤ µ1 ≤ 3.68) Ú(0.825 ≤ µ2 ≤ 5.425)

þãL§3BMDP 3D §S�µ

/PROBLEM TITLE IS ’BLOOD DATA’.

VARIABLES ARE 3.

/VARIABLES NAMES ARE SUGAR,SYST,DIAS.

/TEST VARIABLES ARE SUGAR,SYST,DIAS.

HOTELLING.
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/PRINT DATA.

COVARIANCE.

CORRELATION.

/END

þã¯K3SAS GLM ¥?n§§S�µ

* Hotelling T square;

data;

input sugar syst dias @@;

a=1;

cards;

30 -8 -1 30 -2 5

90 7 6 60 0 3

-10 -2 4 0 -2 4

10 0 2 40 1 2

proc corr cov;

var sugar syst dias;

run;

proc glm;

class a;

model sugar syst dias=a/noint;

manova h=a;

quit;

PROC CORR <ÑCþm����
(À�COV)§MANOVA �éâÏ�AéCþ1u

�"

Ùþ�����Ý
©O�µ

X =

 31.250

−0.750

3.125


9

S =

 1069.642857 82.500000 16.964286

82.500000 17.357143 6.392857

16.964286 6.392857 4.696429


L§%@�<üCþ�u�§CþSUGARµF ��7.30§P �0.0305¶CþSYSTµF=0.26,

P=0.6263¶CþDIASµF=16.63§P=0.0047¶gdÝþ�1,7"

õ���©Û(MANOVA)�(Jµ

Characteristic Roots and Vectors of: E Inverse * H, where

H = Type III SS&CP Matrix for A E = Error SS&CP Matrix

Characteristic Percent Characteristic Vector V’EV=1

Root

SUGAR SYST DIAS
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11.294801079 100.00 0.01087150 -0.14412966 0.23692200

0.0000000000 0.00 -0.01076657 0.02062595 0.11261594

0.0000000000 0.00 0.00193692 0.08070481 0.00000000

Manova Test Criteria and Exact F Statistics for

the Hypothesis of no Overall A Effect

H = Type III SS&CP Matrix for A E = Error SS&CP Matrix

S=1 M=0.5 N=1.5

Statistic Value F Num DF Den DF Pr > F

Wilks’ Lambda 0.08133519 18.8247 3 5 0.0037

Pillai’s Trace 0.91866481 18.8247 3 5 0.0037

Hotelling-Lawley Trace 11.29480108 18.8247 3 5 0.0037

Roy’s Greatest Root 11.29480108 18.8247 3 5 0.0037

�¡üÜ©(J�²´Ý
E−1H �A��ÚA��þ§Wilks �q,'�0.081335§é

A�F ��18.8247§é'F(3,5) .�§VÇ�0.0037 §L²�Ô�^��3"S, M, N �¿

Â3SAS `²Ö¥k`[�`²§XµSAS/STAT User’s Guide, Release 6.03 Edtion, pp 16-

17"Wilks’ Lambda´�«õ�wÍ5u�"�����0�1§Ù����J«þ�Ø�3�

É§�¤kþ��Ó����1"k��¡UÚOþ"Hotelling,´�âA���Ú?1�õ

�wÍ5u�"

�A�SPSS/PC+§SXeµ

SET MORE OFF.

data list free /sugar syst dias.

begin data.

30 -8 -1 30 -2 5

90 7 6 60 0 3

-10 -2 4 0 -2 4

10 0 2 40 1 2

end data.

manova sugar syst dias.

XÚgÄUÛÏ©Û?n§(J�SAS�Ó"üCþFu�gdÝ�1,7§F�ÚP��SAS�

Ó"

2. ü���éT 2u�

Pdi, i = 1, .., .n´ü�é����§�di ∼ Np(δ,Σ)

u�H : δ = 0, éA : δ 6= 0

e
n(n−p)
p(n−1) d

′
Sdd ≥ Fp,n−p,α KáýH"

Ù¥d =
∑

di

n , (n− 1)Sd =
∑n

i=1(di − d)(di − d)′

±eêâ´Maindonald,JH[16]���~f"

-0.2 1.6 1.3

8.2 11.1 1.1
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-1.9 -2.2 0.9

4.4 6.2 2.5

1.5 4.6 2.0

2.1 2.7 0.3

1.7 1.6 1.8

-1.5 -0.2 3.0

2.3 6.9 3.4

¦^SAS©Û�é�c¡~f�Ó"

data;

input d1-d3;cards;

.... êâ1....

proc glm;

class a;

model d1 d2 d3=a/noint;

manova h=a;

run;

(JHotelling-Lawley Trace=4.27933866§F=8.5587§gdÝ�3§6§P= 0.0138§�±@���

�30.05Y²þk�É"aq/§SPSS/PC+�é´µ

data list free /d1 d2 d3.

begin data.

.... êâ1....

end data.

manova d1 to d3/print cellinfo(means).

(JXeµ

EFFECT .. CONSTANT

Multivariate Tests of Significance (S = 1, M = 1/2, N = 2 )

Test Name Value Approx. F Hypoth. DF Error DF Sig. of F

Pillais .81058 8.55868 3.00 6.00 .014

Hotellings 4.27934 8.55868 3.00 6.00 .014

Wilks .18942 8.55868 3.00 6.00 .014

Roys .81058

3. ü��þ�u�

�X ∼ Np(µ1,Σ), Y ∼ Np(µ2,Σ)§X �Y �Õá��©O�X1, ..., Xn19Y1, ..., Yn2"

u�H : µ1 = µ2 éA : µ1 6= µ2

ykµ1, µ2 9Σ ��Oþ

X =
∑n1

i=1 Xi

n1
, S1 =

∑n1
i=1(Xi −X)(Xi −X)′

n1 − 1

Y =
∑n2

i=1 Yi

n2
, S2 =

∑n2
i=1(Yi − Y )(Yi − Y )′

n2 − 1
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Sp =
(n1 − 1)S1 + (n2 − 1)S2

n1 + n2 − 2

T 2 =
(X − Y )′S−1

p (X − Y )
(1/n1 + 1/n2)

ed��*	�O���n1+n2−p−1
(n1+n2−2)pT 2 ≥ Fp,n1+n2−p−1;α K±wÍY²αáýH"

é?�a 6= 0, a′(µ1 − µ2) �(1− α)100% �&«m�µ

a′(X − Y )− [T 2
α(

1
n1

+
1
n2

)a′Spa]0.5 ≤ a′(µ1 − µ2) ≤ a′(X − Y ) + [T 2
α(

1
n1

+
1
n2

)a′Spa]0.5

Ù¥

T 2
α =

p(n1 + n2 − 2)
n1 + n2 − p− 1

Fp,n1+n2−p−1;α

=~2.12>8��©�ü|�ÉØÓ�¢�?n§1�|´��|§1�|z��ïþ�

�7á�§,�ÿþ�ï�Üå�Øå§Ùêâ�L 2.9"

L 2.9 ü|�é,«?n�¢�(J[21]

��|(X) ¢�|(Y)

?Ò ¬ ­ ® ¯ ¬ ­ ® ¯

Üå 131.5 145 191 150 40.5 80 50 90

Øå 9 12 30 36 54 74.5 64.5 60.5

��|�¢�|�þ�©O´X =
(

141.875

21.75

)
ÚY =

(
65.125

63.375

)
Ü����
��O��S =

(
309.90 86.36

86.36 124.99

)
y3§

T 2 =
(X − Y )′S−1(X − Y )

1
n1

+ 1
n2

= 116.7

T 2
0.05 =

p(n1 + n2 − 2)
n1 + n2 − p− 1

Fp,n1+n2−p−1;0.05 = 13.9

áýü¢�(J�Ó�b�"

�&«m�(x1−y1)±(13.9×0.5×309.9)0.5 = 76.75±46.41Ú(x2−y2)±(13.9×0.5×124.99)0.5 =

−41.625± 29.47

¦^Bonferroni �&«m�

(x1 − y1)± 3.03
√

(0.5× 309.9) = 76.75± 37.7 (x2 − y2)± 3.03
√

(0.5× 124.99) = −41.625± 24.0

Ù¥t0.0125,7 = 3.03

BMDP §S�µ

/PROBLEM TITLE IS ’DOG DATA’.

VARIABLES ARE 3.

/VARIABLES NAMES ARE STRIDE, STRAIN, TREAT.

GROUPS IS TREAT.
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/GROUP CODE(3) ARE 1,2.

NAMES(3) ARE CONTROL, TREAT.

/TEST VARIABLES ARE STRIDE,STRAIN.

GROUPS ARE 1,2.

HOTELLING.

/PRINT DATA.

COVARIANCE.

CORRELATION.

/END

SAS GLM �A�§SXeµ

* tests difference between two populations;

data dogs;

input stride strain treat @@;

cards;

131.5 9.01 1 40.5 54.02 2

145.0 12.01 1 80.0 74.52 2

141.0 30.01 1 50.0 64.52 2

150.0 36.01 1 90.0 60.52 2

proc glm;

class treat;

model stride strain=treat;

manova h=treat;

quit;

����©Û(JµSTRIDEµþ�103.5§F= 38.2, P=0.0008¶STRAINµþ�42.57§F=27.74§P=0.0019§F

�gdÝþ´1,6"

õ���©Û(Jµ

Characteristic Percent Characteristic Vector V’EV=1

Root

STRIDE STRAIN

19.455518487 100.00 0.02253459 -0.03337111

0.0000000000 0.00 0.01258064 0.02319117

Manova Test Criteria and Exact F Statistics for

the Hypothesis of no Overall TREAT Effect

H = Type III SS&CP Matrix for TREAT E = Error SS&CP Matrix

S=1 M=0 N=1.5

Statistic Value F Num DF Den DF Pr > F

Wilks’ Lambda 0.04888656 48.6388 2 5 0.0005

Pillai’s Trace 0.95111344 48.6388 2 5 0.0005

Hotelling-Lawley Trace 19.45551849 48.6388 2 5 0.0005

Roy’s Greatest Root 19.45551849 48.6388 2 5 0.0005
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áý?n(J�Ó�b�"

�A�SPSS/PC+§SXeµ

data list free/ stride strain treat.

begin data.

131.5 9.01 1 40.5 54.02 2

145.0 12.01 1 80.0 74.52 2

141.0 30.01 1 50.0 64.52 2

150.0 36.01 1 90.0 60.52 2

end data.

manova stride strain by treat(1,2)

/DESIGN treat /print homogeneity(all) ERROR(COVARIANCES SSCP).

CochranÚBartlett-Boxu�þw«à5"õ�Box Mu�!Fu�Úχ2 u��(JXeµ

Boxs M = 5.06310

F WITH (3,6479) DF = 1.07931, P = .357 (Cq)

Chi-Square with 3 DF = 3.23476, P = .357 (Cq)
Ù{(JÓþ"

3SAS¥§PROC DISCRIM�^u��
à5u�"éu���
Ø��ü��oNþ�u

�§́ õ��Behrens-Fisher ¯K§�æ^Scheffë ½Yao �{?n§�©z[21]"

4. í2�tu�

üCþtu����í2´p«?n�Ù¥ü��ACþ1'�§z�é�½¢�ü�

3ëY��m�Éùp�?n§1j�*	´Xj = (x1j , ..., xpj)′, j = 1, ..., n, xij´1i«?né

1j�é���A"�
'�§�Äµ µ1 − µ2

...

µ1 − µp

 =

 1 −1 ... 0

... ... ... ...

1 ... ... −1


 µ1

...

µp

 = C1µ

½  µ2 − µ1

...

µp − µp−1

 =

−1 1 ... 0

... ... ... ...

0 ... −1 1


 µ1

...

µp

 = C2µ

C1, C2 ¡�é'Ý
§kp-1�1�5Ã'§z�Ñ´��é'�þ§é'�þ����Ú

�0"?n�þ��Ó�C1µ = C2µ = 0"¯¢þ3?nmÃ�O��b�Ò¤
C�=0§C´

é'Ý
�?Û�«J�"ù�kþ�CX§��CSC’§T 2ÚOþÒ´µ

T 2 = n(CX)′(CSC ′)−1(CX) ∼ (n− 1)(p− 1)
n− p + 1

Fp−1,n−p+1;α

=~2.13>e¡´J. Atlee 'u19^��Á�êâ"19 ��m©���n'þ§,�z

^�3ü«ØÓØå�CO2þ\þ®�(Halothane)§�ªÿ���%am�(Î¦)"^CL

«CO2§C+ÚC-L«Ùp$ü�Y²¶^HL«®�§^H+ÚH-L«Ùp$üY²§�©ê

â�uL 2.10µ
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L 2.10 J. Atlee 19 ^��¢�êâ

�Ò C+H- C-H- C+H+ C-H+ �Ò C+H- C-H- C+H+ C-H+

1 426 609 556 600 11 349 382 473 497

2 253 236 392 395 12 429 410 488 547

3 359 433 349 357 13 348 377 447 514

4 432 431 522 600 14 412 473 472 446

5 405 426 513 513 15 347 326 455 468

6 324 438 507 539 16 434 458 637 524

7 310 312 410 456 17 364 367 432 469

8 326 326 350 504 18 420 395 508 531

9 375 447 547 548 19 397 556 645 625

10 286 286 403 422

Ùþ�����Ý
©O�µ

X =


368.21053

404.63158

479.26316

502.89474

 S =


2819.29 3568.42 2943.50 2295.36

3568.42 7963.13 5303.99 4065.46

2943.50 5303.99 6851.32 4499.64

2295.36 4065.46 4499.64 4878.99


PÙnØþ��µ1, µ2, µ3, µ4"�Ä±eA«�Aµ

®�H (µ3 + µ4)− (µ1 + µ2)

CO2 (µ1 + µ3)− (µ2 + µ4)

H-C ��p (µ1 + µ4)− (µ2 + µ3)

=

C =

−1 −1 1 1

1 −1 1 −1

1 −1 −1 1

 =

 C ′
1

C ′
2

C ′
3


T 2 = n(CX)′(CSC ′)−1(CX) = 116

3α = 0.05�§(n−1)(p−1)
n−p+1 Fp−1,n−p+1;α = [18(3)/16]F3,16;0.05 =10.94"Ïdáý?n�Ó�

b�§®��A�95%�&«�µ

(X3 + X4)− (X1 + X2)±
√

10.94
√

C ′
1SC1/19 = 209.31± 73.70

Ù§ü��&«m©O´−60.05± 54.70 Ú−12.79± 65.97"

5.­Eêâ�u�

�éÓ�¢�ü�?1õgÿþ§ÿþ�(J*d�'"eù
ÿþ5�ØÓ§X­

þ!�Ý!°Ý§K^õ���©Û��{¶eÿþ´3¢�Ï�X�m!�ÔØÓJþ�

ØÓY²þ?1§Kd­Eÿþ(repeated measures)��©Û?n"

�Å^Se�b�Ù���
´Σ = σ2[I(1−ρ)+ρee′], e = (1, ..., 1)′"=|S�'(intraclass

correlation)�."
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­Eÿþ©ÛkNõA:µÏ�Ø�¥Ø�
�Nm�É�K�§¤±�Ç�p§°Ý

Jp§¢�¤Ié�ê8~�"©ÛEâ�±´��½öõ�§©zïÆ*	ê�u?n

ê¦10�¦^��©Û"§b�êâ�©ÙÎÜõ���!�*	Õá¿�´¥/(spherity§

ù3õ�©Û�{¥ØI�)"¥/�¦¤k­Eÿþé����Ó§¦+3SPSS/PC+¥k

ù��u�§%Øí�"eØ÷v¥/§K.aØ�O�"

GreenhouseÚGeisser(1959)|^úé­Eÿþ(J?1N�"�¥/b�¤á�§ε = 1§

����1/(k-1)§k�?nê"SAS ÑÑ§�Huynh ÚFeldt(1976) ?�§�­Eÿþ�O¥

 l¥/b��§©fÚ©1gdÝþ¦±T�§¦^N���gdÝO�*	wÍ5Y

²"Huynh ÚFeldt y²Greenhouse-Geisser ε'��Å§AOéu����´Xd"~^�

Ó+©Û½/�©Û(profile analysis)§AÚ´�EÜ·�é'Ý
§SYSTAT �MGLH �¬

ÚSAS!SPSS/PC+ÑU?1§ù�¦êâ�éÐ/Iz§±ü|��~µ

µ1 = (µ11, µ12, ..., µ1p)′, µ2 = [µ21, µ22, ..., µ2p]′

S =
(n1 − 1)S1 + (n2 − 1)S2

n1 + n2

�u�H : µ1 = µ2=üoNäk�Ó�þ�§kn�u�µH1. Ó+´�q�í?H2.e

Ó+�q§́ ­Ü�í? H3.eÓ+­Ü§Ó+��Y²´�Ó�í?

H1 : µ1i − µ1,i−1 = µ2i − µ2,i−1, i = 2, ..., p ½C(µ1 − µ2) = 0 �éuA1 : C(µ1 − µ2) 6= 0

C(p−1)×p =


−1 1 0 ... 0 0

0 −1 1 ... 0 0

... ... ... ... ... ...

0 0 0 ... −1 1


l
Ce = 0, e = (1, ..., 1)′§±þu�=H1 : C(µ1−µ2) = γe�éuA1 : C(µ1−Cµ2) 6= γe§γ

�Ó+m�²þ�É"u�ÚOþ�µ

n1 + n2 − p

(n1 + n2 − 2)(p− 1)
(X1 −X2)′C ′[(

1
n1

+
1
n2

)CSC ′]−1C(X1 −X2)

�Fp−1,n1+n2−p;α �'�

H2�A2=H2 : γ = 0�éuA2 : γ 6= 0

T 2 = (X1 −X2)′C ′[(
1
n1

+
1
n2

)CSC ′]−1C(X1 −X2)

u�ÚOþ( 1
n1

+ 1
n2

)−1(e′S−1(X−X2))2(e′S−1e)−1(1+ T 2

n1+n2−2 )−1�F1,n1+n2−p−1;α�'�§γ�

4�q,�O�: γ̂ = e′S−1(X1−X2)
e′S−1e

H3�A3=H3 : µ1 = δe, µ2 = ξe§δ, ξ��§½H3 : C(µ1+µ2) = 0�éuA3 : µ1 6= δe, µ2 6= ξe§

k
(n1 + n2 − p)(n1 + n2)
(n1 + n2 − 2)(p− 1)

X
′
C ′[CSC ′]−1CX

�Fp−1,n1+n2−p;α'�§X = n1X1+n2X2
n1+n2

"

1¯Ù�Ñ
��|^PROC GLM ?1n|Ó+©Û�~f§1°Ù��Ñ
�A

�SPSS/PC+§S"k'���
�Ù§u���X[21]"
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§2.3.2 £8©Û

1. £8©Û´ïÄA^��2��õ�©ÛEâ"

ÏCþY Úp �gCþX1, ..., Xp �5£8�.´

y = β1x1 + β2x2 + ... + βpxp + ε, ε ∼ N(0, σ2I)

n g*ÿ(yi, xi1, ..., xip), i = 1, ..., n§äkXe�5'Xµ

yi =
p∑

j=1

βjxij + εi, i = 1, .., n

ùpb½εi ∼ N(0, σ2), Ù£8Xê����¦�O�µβ̂ = (X ′X)−1X ′Y ≡ HY§X =
x11 x12 ... x1p

x21 x22 ... x2p

... ... ... ...

xn1 xn2 ... xnp

 , Y =


y1

y2

...

yn

"
2. k'£8�§�ÚOþ

�R2Ú����R2

R2´Ýþ���5�.[Ü`Ý�~^ÚOþ§§Ø=´gCþXÚÏCþYE�

'Xê�²�§�´ÏCþY�Ùýÿ��'Xê�²�"du��R2 é�.[ÜÐ

�ªu�Ñ��W*�O§¦^��R2 ±�Ð/�y�.[Ü�¹"����R2�µ

R2
a = R2 − (1−R2)p

n−p−1 §Ù¥p �gCþ�ê§n �*ÿ�ê"

���©ÛL

ÙFu�^uu��5£8�§�"b�µH : β1 = ... = βp = 0,=ÏCþ�¤kg

CþÃ�5'X"FÚOþ�±L�µF=£8þ�/í�þ�∼ Fp,n−p−1

Ïd§�éR2 ��,�«)ºµR2´U��.¤)º�ÏCþ�@�Ü©'~§

=µR2=1-í�²�Ú/o²�Ú§R2
a=1-[í�²�Ú/(n-p-1)]/[o²�Ú/(n-1)]

�R2 UCþ

R2 UCþ´µdgCþ�é­�5���~^�I§=�	���Cþ?\�§

�R2 �OþR2 − R(i)2§Ù¥R(i)2 ´�Ø1i�gCþ	Ù§gCþþ�)3�§¥�

�E�'Xê�²�"w,R2 �UCþ�K¿�X1i�CþJøÙ§®3�§¥�C

þ¤ØUJø�&Eþ��"

�^�ê(condition number)

�
X ′X �^�ê½Â�k = λ1/λp§Ù¥λ1 ÚλP ©O´X ′X ���Ú��A�

�§~^5�yõ­��5´Ä�3±9î­§Ý"²�þ"ek��3��100 ∼ 1000§

K@��3¥�½�r�õ­��5¶eK > 1000§K@��3î­�õ­��5"

3. 'ugCþ�ÚOþ

�tÚOþ

é"b�H : βi = 0§�^äkgdÝ�1, (n − p − 1) �F ÚOþ?1u�§�du

äkk�gdÝ�t�²��uäk1, k gdÝ�F �§��^tÚOþu�þãb�"
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�IOz£8Xê

��5`§£8�§¥�gCþÿþü ØÓ,ÏdØUòÙXê��À�Cþ­

�5I�"IOz£8Xê¦Xê3�½§Ýþäk�'5, §´�¤kCþ^ÙIO

z/ª�gCþ�Xê§�±��l£8XêO�"

β̃i = βiSi/Sy, Si ´1i �gCþ�IO�§Sy ´ÏCþY �IO�"

����O

==Uìz�gCþXê�t��wÍ5�äéýÿ�­�5´�x�§Ï�@


äk�����Xê�O´Ø���"¤±§·�~~'%£8Xê����Oþ"

�CþNN5

PR2
i ��1i �gCþ�À�ÏCþ�§�Ù§gCþO��)£8�§��E

�'Xê§R2
i ��Ó�L²1i�gCþA�´Ù§gCþ��5|Ü"1−R2

i �N


Ù§gCþ�)º�CÉ'~§¡�1i �gCþ�NN5"NN5´£ãgCþ�m

�p�6�~^�I"��NN5��Cþ?\�§§Ø=���O���O�§�¬

Úå�
O�þ�¯K"d	§=¦,��ÀCþäk��É�NN5l
�±?\�

§§�dd�U���5®3�§¥�@
Cþ�NN5C�Ø��É�$"Ïd§3

ÅÚ£8¥�z�Ú§ÑA�­#O��§¥�ÜCþ�NN5"3SPSS REGRESSION

¥§ÏLTOLERANCE ��CþNN5§Ù%@��0.01"

�Ü©�'Xê� �'Xê

éuR2 �UCþR2 − R(i)2 �k�KÒ�²��¡�Ü©�'Xê§Ü©�'X

ê´�Ù§gCþ��5�AlXi ¥�Ø��Y ÚXi ��'Xê",��­��Xê

´PR2
i = [R2 − R(i)2]/[1− R(i)2] Ù©f´Ü©�'Xê�²�§©1´�Ø1i �gC

þ±	¤kÙ§gCþ�¹3�§¥�)ºCÉ�'~"�k�KÒ�PR2
i ²��¡

� �'Xê§�)º��Ù§gCþ��5�AlXi ÚY üö¥�Ø�1i�gCþ

�ÏCþ��'Xê"5¿3ýé¿ÂþÜ©�'XêØ�u �'Xê"

�'u�\ÀCþ�ÚOþ

éuÿ�?\�§�gCþ§�ÏLXeÚOþ�	Ù5�µXJTCþ?\�

§§Ù£8Xê¶éTXê�"�b��tu�9VÇY²¶�ÏCþ� �'Xê�

NN5�"dù
ÚOþ��Ï�äe�ÚAT?\�Cþ"

Ï~§éu��äN¯K§·�¯k¿Ø��þã�.´ÄÜ·"Ïd§k7�|

^*ÿêâé�.b��Ün5���	§ù«�	Ì�´ÏLí�©Û?1�"e

éêâ
ó�.´Ü·�§Kí�Ei ��ei ��Oäk�ei aq�A�"

í�©Û�SNé´L§y�ÒSPSS REGRESSION¥k'í�©Û�n�Ì��

¡��{�0�§Ù�´|^í�©Û�	þã�.b��Ün5§Ù�´&�é£8

©Û�)���^�É~:�rK�:"��´õ���5¯K"�e = (I −H)Y ,§Ñ

l��©ÙN(0, (I−H)σ2)§���O^(I−H)s2�O§ÒkIOzí�§ei/s
√

1− hii, hii

´H�1i�é��§3SAS¥¡�STUDENT"âBelsley, Kuh and Welsch (1980)�ïÆ§

¦^s(−i)�Osi§3SAS ¥¡�RSTUDENT"

4. �.b�Ün5�	
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��5b�"�{�µ�/í�ã��ýÿ�0ã(=±ýÿ��î¶§í��p¶§

ò�*ÿ�N�A�:±uãþ)"XJ��5Ú��à5�±÷v§Kýÿ��í�

��mAØ�3?Û'X§=3b�÷v�§í�A�Å©Ù3ÏL0 �Y²��¤Ð

m��G«�S(Ï~´|í�| ≤ 2)§XJlãþ�wÑ?ÛCz�ª§ÒA~¦þãb

�´Ä÷v"�{�µ�/í���,gCþã0§Ó�eb��±÷v§í�A�Å

©ÙuY²�S"AO/§��Ä±�\À�§�@
gCþ�í�ã§euyí�Ø

´�Å©Ù§��ÄòTCþ�)?�§S"

����5b�"Xþ¤ã§�|^�ã��{§e���gCþ½ýÿ��O�


O�(½~�)§KA�~¦Yé¤kX�þ����ù�b�"3SPSS REGRESSION

¥§|^SCATTERPLOT f·-�±é�½��éCþ�ÙÑ:ã§±�	Ù��5

Ú���5b�"

�Ø�Õá5b�"��êâ´U^S(X�m)Â8§ÒA��/í�—^SCþ0

ã§ù´Ï�=¦�m¿����.¥���Cþ§§��UK�í�"

XJí��Â8^SÃ'§3þãã/þØATuy?ÛCz�ª§�Ø��´

��'�§í�3�ãþ��§,�ãK�K¶�Ø�¥K�'�§í�ÎÒCzéª

�"|^Durbin-WatsonÚOþ�±u���í��´Ä�S��'"í�g�'�^ei

�e(i−1),i �eI�ã5Ly§̂ Durbin-Watson u�"

���5b�"�{�§�í���ã"�{�§�*ÿí�\È©Ù—Ï"í�

\È©Ù/ã(P-Pã)0"w,§�üö���§A�)�^��§Ù¥Ï"í��î¶§

*ÿí��p¶"��5u��Q-Qã�~���^L�:��§Ù�Ç�6uí��

IO�",	�±¦^W-ÚOþ9Shapiro-Francia ÚOþ§§´*	gSí����g

SÚOþ��'Xê�²�"

� £8ã" £8ã´�	Ün5�,�­�óä"é1j�gCþ� £8ã

dü�í��¤§1��´íØ
1j�gCþ�§Ù{gCþéÏCþ¤�£8�í

�(~¡� £8í�)§1��´gCþj�Ù{gCþ£8¤�£8�í�"3SPSS

REGRESSION ¥§|^PARTIALPLOT f·-�é�½gCþ� £8ã"

�êâ?�"�uyêâØÎÜ�.b��§��Äéêâ�·�C�"���

5b�ØÎ�§��â£:Ú¢S�£�µ�£éêâ�,
C�"����b�Ø

Î�§��ÄéÏCþ�C�§¦C���êâ�Ø�����"�Ø�Õá5Ø¤á

�§�æ^/üÚ�O{0"

5. u�É~:ÚrK�:

�é,
*ÿ�N§eÙí�²w'Ù§*ÿ�N�í��éõ§K¡�É~:"

duÉ~:äkýé����í�§��±��¦^í�ã&�É~:"Ùg§�±Ï

L��ãu�É~:"SPSS REGRESSION éÆ)zí��ýé��u3.16 �*ÿ�N

��ã¥Ñ^”Out” IPÑ5§����±^Å:í�É~ã5¼��[&E"

�ê¼ålÚ¥%zm\"ê¼ål�N
,�*ÿ:�*ÿ¥%�ål"1i �

*ÿ�N�¥%zm\�½Â�µLi = Di/(n − 1)§Di ´1i �*ÿ:�¥%�ê¼å

l"Li �����l−1/n�(n−1)/n§þ��n/p"Li �����Ké£8�K���"

�rK�:"3�|êâ¥§éëê��OäkAO�K��*ÿ�N¡�rK
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�:"ù��:�íØ�£8���íØc�'ké�ØÓ"£OrK�:��{�

�´�~¦,�:´rK�:�íØT:§­#O�í�§�	ÙCz�¹"��:�

íØ�¤O��í�¡�íØí�§íØí�Ø±ÙIOØK�)Æ)zíØí�"é

£8�Jkd3K��:´3�mþlX ���:§dål�^hii5L«§§´ÝK


H�1i��§Ï�Σhii = p§�Ùþ��p/n§Belsley, Kuh & Welsch (1980)ïÆ^2p/n

��§�.�(CUTOFF)§Ùþ.´3p/n"ko«�N:�K��ÚOþ§§�´ÏL

�KT:5�N�"Cook’s D �Né£8Xê�O��K�§DFFITS �Néýÿ��

K�§DFBETAS �NéA½£8Xê�K�§COVRATIO �Néëê�Oþ���

���
�K�"c¡n��±��¤é�K*	i �ék ��5Ã'�£8Xê�K

�§=k(β − β−i) �±�¤����5�.aq��g."n«ÝþéAØÓ�k�"ï

Æ^2
√

p/n�DFFITS .�§Ùþ.�
√

p§éCook ålCq^4/n �.�§Ùþ.�1 §

éDEBETAS ïÆ^2/
√

n�.�§Ùþ.�1§éuCOVRATIO§ïÆ��1 ± 3p/n�.

�"Cook ål�N
�1i �:�íØ�3¤kí�¥�Cz§~^u£OrK�:§

Ù½Â�µCi = ΣN
k=1(ŷk(i) − ŷ2

k)/[ps2] Ù¥p �gCþ�ê§s2 ´í�����Oþ"é

²w§rK�:�¥�ål��"

�É~:ÚrK�:�?n"uyÉ~:§A��â;��£�êâÂ8�¹é

Ù?1&­©Û?n"euy´duêâ�Ø��É~½rK�:§A�íØ*ÿê

â"euyêâ(XXÚ��)§KA�±�3"�Ä^�
­è�{?1ëê�O"

6. õ���5¯K

e|X ′X|Ø÷�§=õ���5(multicollinearity) ¯K§�5�§òk��~)§�

dÑy
*£89Ì¤©£8��'�{"��5�ä¥�^��I(condition index)

´Ý
^�ê( condition number) �í2§1i �^��I´��A���1i �A��

�'§Belsley ïÆ310 NC�k�'�K�§��100 �î­��5§w�ekA�^

��I�«��5��3§lz���5¥�K�Cþ§e�KCþ�[Ü�J��§

KA3[ÜÚ��5�m?1ò©"��5�ä��æ^k��*ÜÏf§eÙ��

u10�k��5�3"

��5?n~^�{µ1. ·��Cþ=�§O\�
*	§�ù  ¿Øy¢¶2.l

�.¥�K�
Cþ§ü�gCþpÝ�'§�.¥Ï~�)��Ò

¶3.?1Ì¤

©£8"Nõ£8�ä(JJ«��Ð�{´íØP¹§,	�æ^­�£8(robust

regression)��{"*£8(ridge regression)´�«k �O"éu£8�§y = β0 +Xβ +

ε, β0 ��O´y�þ�§
β�*�O´µ

β(k) = (X ′X + kI)−1X ′y

V ar[β(k)] = (X ′X + kI)−1(X ′X)(X ′X + kI)−1σ2

âHoerl �Kennard§�3k > 0¦E[β̂(k) − β]2 < E[β − β]2 k=0 �=Ï~����¦

�O§3k O��§��*ÜÏf~�
β(k) � ­O�§k Ï~��X0.005 ∼ 0.2§z

�£8Xêék �ã�Ñ*,(ridge trace)¿dd(½k���"ØÓ��ökØÓ��

{"��¦^��*ÜÏfVIF?1k �ÀJ§d�VIF Au��1 ∼ 10"

£8�ä3SAS(REG)!SPSS(REGRESSION)!Stata(regress)�^��þ�±��§SAS

k;^L§RIDGE?1*£8©Û§RIDGE����PROC REG�À�?1*£8©

Û"3SPSS ¥¦^RIDGEREG ÷½Â?1*£8©Û"é^�{µ
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RIGDGEREG DEP=ÏCþ/entergCþ/start= /stop= /inc= /k=�¡À��½k�"

£ã!©ÛÚïÄÏ�m��p'éÚK�§�±ÏL�
ÚO�IX�'XêÚ;

.�'§��±ÏL��Ù�'�(�"âKarlin, S. (1983)§~^��{kµÏ»©Û!(�

�§�.±9��©þ©Û§§�ÑÄu�5�b�"(��§�.3114Ù0�§14Ù

kCALIS�~f"(��§�.�Ï»©Û�{k���éX"

õ��5�.�¹õ�£8�.!õ���©Û�.^���©Û�.�"3SAS ¥

k;��L§MIXED ?n·Ü�.êâ"��©þ©Û´Äu���5�.§�O�C

É5
���|©��§�^u¢DÆ©Û�"d²ï]��O��©þ=���©Û

{(ANOVA)§=r��©ÛL¥�þ���ÙÏ"���O"éu�²ï]��O��©þ

æ^Henderson{.!/!094�q,{(ML)!�å4�q,{(REML)!MINQUE!MIVQUE

ÚI-MINQUE �§3SAS ¥��©þ©Û¦^L§VARCOMP ¢y"

§2.3.3 ��©Û

NõïÄ§�8(�A���þê�'�"�kk���þê§�'�§���O§e

�u�YOα = 0.05§éù
þê^t�u�üü'�§�kk(k − 1)/2�'�§o(Ø�u�

YOÒ¤�1− (1− α)k§��ù��QØ²L§�Ç�$"��©Û�´?nù�a¯K�

ÚOÆ�{§��©Ûk��¡CÉê©Û"

��©Û�A^^�´µ����5g��oN¶����´�pÕá��Å��¶�

oN����"

��©Û�Ä�g�´r¤kêâ�oCÉ(lþ�5�Ú)©)¤A�Ü©§,�é�

Ü©�CÉ?1'�"���Å�O½üÏ��O§´rÉÁé����Å/©����

?n|¥�"?n|�±�ü|½õ|§�|��¹þ�±��§��±Ø�"���Å�

O��©ÛroCÉ«©�?n|mCÉÚ|SCÉ"�Î|�O§�¡�Å«|�O§́

*Ð��é�O"�Î|�O���©Û�±roCÉ©�?n|mCÉ!�ÎmCÉÚ

Ø�n�Ü©§����Å�OJp
�Ç"eïÄ�Ï�éõ§�±¦^ÛÏ�O½��

�O"

¦^MANOVA�����¢�Y²þ�Ø�§Ó��Ä
ÏCþm�'é"ÙÄ�b�

´Õá5!�����
��!��5"MANOVAI��õ���þ§ÉÉ~��K���

�§Ùb�ÏCþm��5|Ü"wÍ5u�OK~^�ko«§=Roy��A��!Wilks

�!Hotelling,!PillaiOK"§��m�Ä��ØÓ´é/ØÓ�0þÏCþ��É�µ½

�{"RoyOK|^1��A��5µd§ù�Ùõ�ÚAÉÝ'�Ð§�·uÏCþ3,

�Oþ�3r�'��/§Ó��´��OK�ÉK����"

éu��©Ûb��u�~^�XBartlettu�!?17��êâ=��"

¤¢²ï´�3©aCþ���e�P¹�ê�Ó¶L2.11´��Ø²ï�O�~f"

L 2.11 2×2 �O¥��fþ�

ê8 1�� 1�� ê� 1�� 1��

1�1 2 200 1�1 10 20

1�1 200 2 1�1 30 40
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1�1oþ�=19.90"31þ��m��10§1�A�3¶�þ��m½��10§��

A�´k��§�±zÑ�p�§�A��3§�Ï3u�.É
����K�"L2.12�

´��Ø²ï�O�~f§K�L«"�§)ÒS´z��f¥*	��ê8"

L 2.12 Ø²ï�O�~f

Ï f ½

êâ(nij) ¬ ­ ®

Ïf ¼ ¬ 2,4,6 4,6 5

(3) (2) (1)

­ 12,8 11,7 -1

(2) (2) (0)

��©Û�.´yijk = µ + αi + βj + γij + εijk

L 2.12 �SAS$�(J�XL2.13µ

L 2.13 L 2.12�$�(J

5
 gdÝ . / 0 1

A 1 60.00 57.02 54.55 54.55

B 2 0.32 0.32 0.21 1.50

A×B 1 2.18 2.18 2.18 2.18

é�5�.Y = Xβ + ε, E(Y ) = Xβ§©Û�Ä�8�´3�U��¹e�O½u�β½

Ù�5|Ü§ù�±d*ÿY��5|Ü5��"q�β��5|Ü´Lβ§KAkY��5

|Ü§¦ÙÏ"�Lβ§ùÒ�¦ù��|Ü�3§�Ò´`Ué�X��A��5|Ü§Ï


X�1�Ò¤�L�u)8§
�Ï�X = X(X ′X)−(X ′X), X ′X�1�¤�L�u)8"�

â�O´Ä²ï�Ï�§L��ØÓ�/ª"X..²�Ú´^?�×£�fO�X ′X�g2_

¦)�5�§|�B�¬§�^Nõ�{��§�«�{´éX ′X �c�Doolittle©)§a

L?Ûé���"��/"

SASUÑÑo«²�Ú§..�^S²�Ú§¦^Searle�PÒ§SS(A) = R(α|µ), SS(B) =

R(β|α, µ), SS(AB) = R(γ|α, β, µ) ��§Ù�SS����6u�A?\�.�^S§3�A�

ü�éÐ�´k^�§X^uõ�ª£8�±wÑ´ÄI�UYÚ\pg�"3õ�ª£

8¥§�Au��õ�ªu�§���z�±é�Ù"Ù§�A:Xµ¤k�A�SS�Ú�

�.SS �Ó§e�{´Õá��©ÙK�SS´Õá�"éuØ²ï]�§Ùb�´�:�

¼ê§(J���²ï]�ØÓ"/!0!1.¡� ²�Ú§/ 0�¹Â´�?1
Ù§

�A�N�§=z�«þN�
Ù§�©a�A§N�OKØÓ§u���A?\�.�^

SÃ'"X1/«SS(A) = R(α|β, µ), SS(B) = R(β|α, µ), SS(AB) = R(γ|α, β, µ)§��Øäk

²ï�O¥�@«��©Ù(equitable distribution) ½��(orthogonality)A5"0!1�/�

«O´p��p½i@�A�Xê�?1N�±÷v��5^�(0)½�©Ù(1)§ù
�

A�XêØ2�6u�fênij§��nij 6= 0�0!1´�Ó�"Ñynij = 0�§0äk��
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A5§u�Ð�´�é/�AÚ�"0§
1äk²ïA5§^�"�f�f8��²ïê

â8§(JØ��"éu²ï]�§o«²�Ú�Ó¶3�.vk�p�§/=0¶3¤k

�f��( all-cell-filled data)�0=1"3PROC GLM¥§��O¼êdÀJ�E1-E4�Ñ§A

«²�ÚdS1-S4�Ñ"

SPSS^MANOVAÚANOVA?1��©Û§¿«©Õá(UNIQUE)!^S(SEQUENTIAL)

�lþ�²�Ú"

§2.3.4 Ì¤©©Û

3¢SA^¥§�
�¡©Û¯K§JÑ��I(½Cþ)  éõ§z��IÑ3ØÓ

§Ýþ�N
¤�ïÄ��K�,
&E§du�I�m~~äk�½��'5"ÏdF

"é����A�*dØ�'��I§5�O�5��I¿�¦�U/�N�5�I�&

E§ùÒ´Ì¤©©Û�g��{"

1. Ì¤©�½Â9¦{

�X = (X1, X2, ..., Xp)�p��ÅCþ§k��Ý�3§Pµ = E(X),Σ = V ar(X)§�

Ä§��5C�Zi = l′iX, i = 1, ..., p, Ù¥l′1 = (l11, l12, ..., l1p)§́ �

V ar(Zi) = l′iΣli, Cov(Zi, Zj) = l′iΣlj , i 6= j

ÏdV ar(Z1)��§L²Z1�¹�&EÒ�õ§eZ1 = l′1X÷v

l′1l1 = 1, V ar(Z1) = max V ar(l′X)

K¡Z1´X�1�Ì¤©§Z1´X�¤k�5C�l′X ¥�UnÜ�p�Cþ&E��

��5C�§Ù¥§¦���������þ=�Ì¤©Xê"XJ1��Ì¤©Ø

v±�L�p�Cþ�&E§�Ä1�Ì¤©Z2§�
k�/�L�Cþ�&E§1

�Ì¤©Z1 ®k�&EÒØI�Ñy31�Ì¤©Z2¥§=Cov(Z1, Z2) = 0"dd�

�l′1l2 = 0½l′2l1 = 0"Ïd§e÷v

l′2l2 = 1, l′2l1 = 0, V ar(Z2) = max
l

V ar(l′X)

K¡Z2´X�1�Ì¤©§��/§XJZi = l′iX ÷v

l′ili = 1, l′ilj = 0, j = 1, ..., i− 1, V ar(Zi) = max
l

V ar(l′X)

K¡Zi´X�1i�Ì¤©"

b½λi, i = 1, 2, ..., p���Ý
V ar(X) = Σ �p�A��¿�§�d����ü�

�λ1 ≥ λ2 ≥ ... ≥ λp ≥ 0§KX�1i�Ì¤©�Xê�þliÒ´1i�A��λi ¤éA�

�KzA��þ§Ù¥l′ili = 1, l′ilj = 0, i 6= j, i, j = 1, ..., p

eP¤kÌ¤©�¤��þ�Z, �A�Ì¤©XêÝ
�L,Kþã�5C�=

�Z = L′X, 
��±��±e(Øµ

(1). L′L = Ip,=L´��
§Ïd§Ì¤©�L�Cþ�m¥�R��þ§½ö`§

Ì¤©´é�Cþ?1
�g��C�"

(2). Z�©þmpØ�'§=�'XêÝ
Cov(Zi, Zj) = 0"
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(3). Z�p�©þ´U����§d���ü��"

(4). V ar(Z) = L′ΣL = diag(λ1, λ2, ..., λp)"Ïd§dA��λi, i = 1, 2, ..., p�����

§¤�¹&E�õ�"��§¡λk/Σp
i=1λi�1k�Ì¤©����zÇ§Σk

i=1λk/Σp
i=1λi¡

�ck(k ≤ p)�Ì¤©�\È���zÇ"Ï~3¢SA^¥§�c�Ì¤©�\È�

��zÇ�L85%�§K^ùck �Ì¤©Ò�±£ã�5p�Cþ�&E
"

(5). �'XêÝ
ρ(Zk, Xi) =
√

λklki/
√

σiiÙ¥σii�Σ�1i�Ìé���§L«�C

þ3Ì¤©¥�KÖþ§3¢SA^¥§�
�Øþj�K�§  r�CþIOz§

IOz����
=��Cþ��'
"d�§�*	�Cþ�KÖþ§�I*	lki�

Xê§�=Zk�Xê"

2. ��Ì¤©

3¢S¯K¥§X ′ = (X1, ..., Xn)���
½�'
~~´���§u´Ä��Å�

�§��*	êâ
X§lX������
½���'
§¿¦�§��A��±9

éA��KzA��þ§���Ì¤©§=���Ì¤©"ePZi = l′iX��1i���

Ì¤©§Zki = l′iXk, i = 1, ..., p, k = 1, ..., n, ¡Zk = (Zk1, Zk2, ..., Zkp)′, k = 1, ..., n �Ì¤©

�©"

3. Ì¤©£8

3£8©Û¥§�gCþX1, X2, ..., Xp�m�3õ­��5'X�§|X ′X|�Cu0§

d�^Ï~����¦�O¦��£8�§Ò�UÑy�
ØÎÜ¢S��¹§Ì¤

©£8´�«�±ÀJ��{"�gCþX1, ..., Xp ÚÏCþYkéA'X§ÄkégC

þ?1¥%z§EP�X = {xij}§Kk�5£8�§µ

ŷ = ĉ1x1 + ... + ĉpxp

Ù¥£8Xêĉj , j = 1, ..., p´Ï~����¦)"

PÝ
X�ÛÉ�©)X ′X = UΛU ′ ¥���
�U , X �Ì¤©�w1, ..., wp, y

¦Yéù
Ì¤©Cþ�£8§�µ

ŷ = b̂1w1 + ... + b̂pwp

Kb̂�ĉk'Xb̂ = U ′ĉ§�Σŷ2 = Σλ̂b2

Ì¤©£8�£8Xê��Ù�A�Ì¤©k'§�Ù§Ì¤©Ã'¶Ì¤©£

8²�Ú��5�£8²�Ú��§��u�Ì¤©éô�£8²��z�Ú§d5

��^uCþ�çÀ"eÌ¤©k²(�¢S¿Â§KrÌ¤©w¤ü�gCþ§�~

�ë\£8�Ì¤©§=�KeZ�Ì¤©=�¶eÌ¤©vk²(�¿Â§½EF"

^�©Cþ5¦£8�§§KÄkéÑ�z��ö§2âÙ|ÜXêU����?1�

�§Ï�TÌ¤©é£8�z�§KÙéA�åÌ��^��©Cþ�z�A��§A

�±�ï"SAS ^PRINCOMPL§?1Ì¤©©Û"

§2.3.5 Ïf©Û

1. Ïf©Û´£O�L�þ�'Cþ�p'X��|�þ(Ï~´Ø�ÿ�) Ïf�ÚO

Eâ"Ïf©ÛÁã^���ê�Ø�ÿ�¤¢úÏf��5¼ê�AÏÏf5é�
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5*ÿ�Cþ?1£ã§ù���8�§´¦�UÜn/)º�3u�Cþm��'

5§¿�{zCþ��ê�(�"

~X: ���l���§�Á�¤1¥
)Æ)�/n)Uå0§/O�Uå0§/P

ÁUå0��"¤1´�±ÿ½�§
ù
/Uå0´Ø���ÿ½�§S.þ¡d�

ú�Ïf(common factor)§w,§¤1�Ð�Éù
ú�Ïf�K�§
z��ÑkÙ

AÏ5§Ïd,§�É���Ø�ÿ�AÏÏf(unique factor)�K�§Ïf©ÛÒ´�

â�
CþX1...Xp(��u���§�¤1)5��ú�Ïff1...fq(q < p)(��u/n)

Uå0§/PÁUå0��)�ÚO�{"

2. Ïf�.

(1). Ð©Ïf�.

�X = (X1, X2, ..., Xp)′�p��*ÿ�ÅCþ§
�X®¥%z¿EP�X,dq�ú

�Ïff = (f1, ..., fq)′¤|�§Ù�A�Ïf�.�µ

Xp×1 = Ap×qfq×1 + εp×1

ùpb½µ

E(X) = 0, V ar(X) = Σ > 0, E(f) = 0, V ar(f) = Iq, q < p

E(ε) = 0, Cov(f, ε) = 0

V ar(ε) = D = diag(e2
1, e

2
2, ..., e

2
p)

AÏÏfεi, i = 1, ..., p*dØ�'�äkü ��§z�ú�Ïf��éü�Cþ

k�z§ÄK§ò¤�AÏÏf"

â�.k: Σ = AA′ + D ≡ H + D

PΣ = (σij)p×p, A = (aij)p×q,H = (hij)p×p �hij = Σaikakj , hii = h2
i K

σii = h2
i + e2

i , σij = hij , i 6= j, i, j = 1, ..., p

dd��µ

1) aij �N
Xi �fj �m��'"

aij = Cov(Xi, fi)§��V ar(Xi) = 1 �aij = ρ(Xi, fj)§ÏdÏ~¡aij �1i�C

þXi31j�ú�Ïffjþ�1Öþ§A�úÏff1, ..., fq�1ÖÝ
"

2) h2
i , i = 1, ..., p �N
úÏféXi�K��^§¡d�úÏf��½¡�5�O

�"

3) g2
k = Σp

i=1a
2
ik, k = 1, ..., q�N
1k�ú�ÏffkéX��©þXi����z�Ú§

´ïþz�úÏf�é­����ºÝ"

��5¿�´§±þ�.�´éþ��0��ÅCþ
ó§eX�IOz�ÅCþ§

K�.¥�ΣA´�'Ý
R"

(2). ^=��Ïf�.

Ð©Ïf�.ïá�§z�Cþ3ú�Ïfþ�1Öþ  vké²w��O§Ï

d§Ø´éú�Ïf�Ñ)º§ù�§I�é1ÖÝ
?1?�Ú{z§¦�����
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�0Ú1ü4©z§��±�Cþ�úÏf��h2
i , i = 1, ..., p ØC§ù«C��{¡�Ï

f�^="

^=�Ì�g�3u¼���{ü�(�§F"z�ÏfÑéÜ©Cþk�"1

Ö§±BéÏf�Ñ)º"F"z�Cþ�=éÜ©Ïfk�"1Ö§ù�¦Ïf�m

�pØÓ(Ï�eA�Ïf3,�Cþþþk�p1Ö§KéJ)º�Ùù
Ïf�k

Û«O!A:)"SPSSJø
A«=��{§�~^�´��4�^={(VARIMAX)§§

Áã¦�U~�3��Ïfþäk�p1Ö�Cþ�ê§¦ÏfBu�)º",	ü

«�{´og4�z(QUARTIMAX) Ú���4�z(EQUAMAX) �{"d	§�
B

u{zÏf1ÖÝ
§���Äæ^��^="

a. ��^=(othogonal rotation)

3Ð©Ïf�.¥§e3A
�¡¦þq × q���
Γ§f �c¡¦þΓ′§d�§�

�uéú�Ïf??1��^=§��^=��Ïf�.�µ

X = Af + ε = AΓΓ′f ≡ A?f? + ε

A? ¥����0Ú1ü4©z§f?�^=��úÏfBu)º§Ï�

f? = Γ′f, E(f?) = Γ′E(f) = 0

V ar(f?) = Γ′V ar(f)Γ = Iq

Cov(f?, ε) = Cov(Γ′f, ε) = Γ′Cov(f, ε) = 0

¤±§^=��ú�Ïf�´Ø�'�"

b. ��^=(oblique rotation)

e3ú�Ïf�c¦þ��ÛÉÝ
§d�§��uéú�Ïf?1��^=§�

�^=��Ïf�.�X = Af + ε = AB−1Bf + ε = AB−1f?? + ε

du

E(f??) = E(Bf) = BE(f) = 0

V ar(f??) = V ar(Bf) = BB′

Ø�½�ü 
"

Ïd§ú�ÏfÏL��^=�§C��'�Ïf§¦+Xd§��^=~�)'

��^=�k^��."

(3). Ïf�©�.

ÃØ´Ð©Ïf�.§�´^=��Ïf�.§§�Ñ´^�*ÿCþ��5|Ü

5L«ú�Ïf§¿O�ù
ú�Ïf��O�§ù«�O���Ïf�©"é1k�

*ÿ�N§1j�Ïf��©�O�µfjk = Σp
i=1wjiXik�1k �*ÿ�N1i �Cþ�I

Oz�§wji ´1j �Ïf1i �Cþ�Ïf�©Xê§W = {wij}¡��©Ý
"

SPSS FACTOR Jø�Ïf�©Xê�O��{kµAnderson-Rubin �{!£8�

{ÚBartlett �{"
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3. ëê�O

�O1ÖÝ
ÚAÏÏf���
~^��{~k±eA«µ

(1). Ì¤©©Û{"lp��*ÿCþXp×1�*ÿêâ
§��������
§b

�d���ü��A��¤éA��KzA��þ�l1, ..., lp§K���p− q�A���

��§S�Cq/©)�

S = λ1l1l
′
1 + ... + λqlql

′
q + D = AA′ + D

þã�AÚD=�Ïf�.¥1ÖÝ
ÚAÏÏf���
��O"

duA¥1j����Ì¤©�¼ê�����~ê§
√

λj , j = 1, ..., q§�ù��O

�{Ï~¡�Ì¤©©Û{"�þjØÓ�§�r�CþIOz§aq/l�'
RÑ

u¦�AÚD��O§òÙ?1Ì©)
¼�A��þV1, V2, ..., Vp9ÙA��λ1 ≥ λ2 ≥
...λP ≥ 0§Ïdé¯k�½��.�t§eq÷vµ

∑q
i=1 λi/

∑p
i=1 λi ≥ t

∑q−1
i=1 λi/

∑p
i=1 λi <

t

KÏf1ÖÝ
�O�µ

A = (
√

λ1V1,
√

λ2V2, ...,
√

λSVq)

Vi´λi �A�A��þ"AÏÏf���O�µδ̂2
i = 1 − Σq

j=1a
2
ij§ú�Ïf���ĥ2 =

Σq
j=1a

2
ij

(2). ÌÏf©Û{"�¡Ì¶ÛÏ{§ù´éÌ¤©{¤���«?�§l�'


Ñu¦�A�D��O"duIzCþ���
=��Cþ��'
R§Ï
kR =

AA′ + D§
�ekAÏÏf�����Ð©�Oδ̂2§KdR−D = AA′��k�úÏf

����O�§̂h2
i = 1− δ̂2"

PR? = R − D(¡����'
)§KR?�é��´h2
i , i = 1, ..., p. dR?��ÙA�

�λ?
1 ≥ λ?

2 ≥ ... ≥ λ?
p > 0§�cq����A��§¿O�ÙéA�A��þ§KR?�C

q/©)¤R? = AA′§Ù¥A = (
√

λ1l1, ...,
√

λqlq)§dd�¦�

δ2
i = 1−

q∑
j=1

a2
ij , i = 1, ..., p, D = diag(δ2

1 , ..., δ2
p)

3¢SA^¥§duD´��§^D�Ð©�O5¦�AÚD��O�´��Cq

)§Ïd§~^S�ÌÏf{5¼����Ð�)§=^þ¡���D ��AÏÏf�

�
��O§­EþãÚ½§����­½)§�AÏÏf���Ð©��0�§ÌÏf

©Û{=�Ì¤©©Û{"

e®�k�úÏf��h2
i�Ð©�O�§Ó���í�AÚD �ÌÏf)§~^�

Ð©�Ok±eA«�{µ

�h2
i�1i�Cþ�Ù§¤kCþ�õ­�'Xê�²�

�h2
i�1i�Cþ�Ù¦Cþ�'Xêýé�����

�h2
i = 1(d�§ÌÏf{�uÌ¤©{)

(3). 4�q,{"b½f ∼ Nq(0, Iq), ε ∼ N(0, D)§�ÅCþX1, ..., Xn �5g��o

NNp(µ,Σ)�{ü�Å��§K��q,¼ê�L(µ,Σ)§�µ = X(��þ�)§Σ = AA′+D§
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KL(µ,Σ)�A!D�¼ê§¦q,¼ê����§A!D lªdiag(S) = diag(AA′ + D)

ÚA = S(AA′ + D)−1A¦�§Ù¥S�����
"

(4)2Â���¦{"1ÖÝ
AÚAÏ��Ý
Dd4�ze�8I¼ê�)µtr(S−
Σ)′H(S − Σ)§Ù¥Σ = D + AA′,H = Σ−1 ½�Ù�Ü�O§S ������
"

(5) �\����¦{"����¦{aq§�^u4�z�8I¼êØ�\�"

Ø
þãÏfJ��{	§�kα�{Ú�Ïf{"

4. �.�u�

Ïf�.ïá±�§�^q,'u���{u�Ù´ÄÜ·µ

H : Σ = AA′ + D �éuA : Σ 6= AA′ + D

eλ = |S|n/2/|Σ|n/2 ��é�§Kq,'u�áýH§Ù¥�S�����
§dìC

nØ��-2ln��©Ù´gdÝ�f�χ2©Ù§Ù¥f = 0.5[(p−q)2−(p+q)]"Bartlett(1951)

ïÆ^Xe�Cq�

−[n− 1− (1/6)(2p + 5)− (2/3)q] ln(|S|/|Σ|) = χ2
f

eχ2
f ≥ χ2

f ;α§KáýH§d?χ2
f ;α�wÍ5Y²�α§gdÝ�f�χ2�.�§eá

ýH§K@�¤À��.ØÜ·§7LO\��ú�Ïf±­#¦�1ÖÝ
A��O§

,�2gu��.§­Eù�Ú½§���.Ü·��"

duÏf©Û�8���Ò´Áã¼�U
)ºCþ'é�Ïf§Ïd3��Ü

·�Ïf�.¥§Cþ7L�'"SPSS FACTOR Jø
e��	Cþm�'�å»"

(1) Bartlett u�µ̂ ±u�'u�'
�ü 
�b�§eØUáýTb�§KØ

¨¦^Ïf�."

(2)  �'Xêµ�Ù{Cþ��5K��Ø�§ü�Cþ�m� �'XêA�

��§ù�^���'(anti-image correlation) 5�x"

(3) Kaiser-Meyer-Oklin (KMO) �êµ

KMO =

∑∑
i6=j

r2
ij[∑∑

i6=j
r2
ij +

∑∑
i6=j

b2
ij

]
Ù¥rij ´Cþi Új ����'Xê§bij ´Ýþi Új � �'Xê"eKMO ���§

`²Ø¨�Ïf©Û§�âKaiser �y©§KMO > 0.9 �`D§0.8 < KMO < 0.9 �û

Ð§0.7 < KMO < 0.8 �¥�§KMO < 0.5 ØU�É"

Ïf©ÛÏ~�Ú½´µ�O�¿�	¤kCþ¤�¤��'Ý
¶�J�U�Lê

â�Ïf¶�ÏL^=C�¦Ïf�ä�)º5¶�éz�*ÿ�NO�Ïf�©"

(y.Ïf©Û��Ú½�µ�O��nØ�.§´�EÏJ'X�´»ã¿òÙ=

z��X�(��§�.ÚÝþ�.§ÀJÝ
a.Ú�.�O§��´é¤£O��.

?1µd§wÙ·ÜÝXÛ§?1�.)ºÚ�.?�"

R.A. Johnson [18]ïÆÏf©Û^±eÚ½§îÄk?1Ì¤©Ïf©Û§±ÑÏf�

©ã¿éÑ�¦*	§O�IO�©¶?1����^=¶ï?14�q,{Ïf©ÛÚ�
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�4�z^=¶ð'�Ïf©Û�(JµÏf1ÖàÜ��ª´�Ó�íº±ã'�Ì¤©

{Ú4�q,{��©¶ñéuÙ¦ê8��Ïf­EþãÚ½§w´ÄkÙ§Ïféu

êâ)ºk^¶òr��êâ8©¤üÜ©§©O?1©Û"

SAS �Ïf©ÛL§�FACTOR§¦^CALIS?1(y.©Û"BMDP^4M?1Ïf©

Û"

§2.3.6 ;.�'©Û

1. ´ïÄü|�ÅCþm��''X��«�{§Ù¥§z|Cþ�U�¹kõ�Cþ"

�X = (X1, ..., Xp), Y = (Y1, ..., Yq)©O´p�Úq ��Å�þ(b½p ≤ q)§;.�'©Û

Ò´�ïÄX�Y�m��'5§�p = q = 1�§X�Y�m�'X���^�'Xê

�ïþ"�p = 1§q = n �§X �Y�m�'X��^E�'Xê�ïþ§�p 6= 1, q 6=
1�§X�Y�m��'��^;.�'Xê�ïþ"

2. oN;.�'

-

E

(
X

Y

)
= 0, Cov

(
X

Y

)
=

(
Σ11 Σ12

Σ21 Σ22

)
Ù¥Σ11,Σ22©O�p×p, q×q ��½Ý
§Σ12�p×q�Ý
§�Σ12 = Σ′

21·�^X�Y�

�5|Üα′X�β′Y�m��'55£ãX�Y �m��'5"

X�Y�m�1�;.�'(Xê)�X��5|Üα′X�Y��5|Üβ′Y�ö�m

�4��'§�Ò´

ρ1 =
α′1Σ12β1√

(α′1Σ11α1)(β′1Σ22β1)
= max

α,β

α′Σ12β√
(α′Σ11α)(β′Σ22β)

�±�yρ2
1=�Σ−1

11 Σ12Σ−1
22 Σ21���A��§α1��AA��þ§
β1�Σ−1

22 Σ21Σ−1
11 Σ12�

��A��¤éA�A��þ§¡V1 = α′X, W1 = β′Y �1�é;.Cþ§α1, β1�;.

Xê½;.�ê§¡���1�;.Cþ�Xê��Kz;.Xê"

aq/§ÏΣ−1
11 Σ12Σ−1

22 Σ21�Σ−1
22 Σ21Σ−1

11 Σ12�K½§�Σ−1
11 Σ12Σ−1

22 Σ21�Σ−0.5
11 Σ12Σ−1

22 Σ21Σ−0.5
11

k�ÓA��§e-A = Σ−0.5
11 Σ12Σ−0.5

22 , Pρ2
1 ≥ ρ2

2 ≥, ...,≥ ρ2
p (b½p ≤ q)�AA′ÚA′A�

kSA��§α1, α2, ..., αp�éAuAA′�kSA���p�A��þ§β1, β2, ..., βp�éA

uA′A �kSA���q�A��þ§K¡Vi = α′iX, Wi = β′iY , i = 1, ..., p �1ié;.C

þ§§��m��'�1i�;.�'"5¿Vi �Wi �g�Cþ�mØ�'¿�

V ar(α′iX) = V ar(β′iY ) = 1, Cov(αiX, βiY ) = ρi, i = 1, 2, ..., p

3. ��;.�'

3¢S¯K¥§Σ  ´���§��ÏL��5�O"b½loN¥Ä����

��n���(n > p + q)§z���kX, Yü|�I§eS�Ù����
§KòS©�

XS =
(

S11 S12

S21 S22

)
§Ù¥S11, S12 ©O´p× p Úq × q �Ý
§S12 = S′21"

-λ2
1 ≥ λ2

2 ≥ ... ≥ λ2
p�S−1

11 S12S
−1
22 S21�kSA��(b½p ≤ q)K¡1 ≥ λ1 ≥ λ2... ≥

λp ≥ 0���;.�'(Xê)"
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4. ;.�'�wÍ5u�

¦Ñ;.CþéÚ;.�'Xê�§räkwÍ5¿Â�;.�'Xê¤éA�

;.Cþé�3e5§¿��Ün�)º§e1i�;.�'XêCq�0§@o,ù�é

;.Cþéu)º�5ü|Cþm��'5Òvk¿Â§Ïd§7Léρi?1wÍ5u

�§e(X Y )′ ∼ Np+q(0,Σ)§K�±é;.�'Xê�χ2u�§u�b��µ

H0i : ρi = 0, i = 1, ..., p

u�±þb��^Bartlett'u���χ2�ÚOþ§�ÚOþ

Qi = −[n− i− 0.5(p + q + 1)]Σp
k=i ln(1− λ2

k)

Ù¥λk´d��*ÿêâ���1k�;.�'Xê

é�����þn§3H0i�ý�Qi ∼ χ2(fi), Ù¥fi = (p − i + 1)(q − i + 1)§é�½

�wÍ5Y²α§�Qi > χ2
α(fi)�§áýH0i§=@�ρi 6= 0§u´2éρi+1�u�§�g

e�§e,��Qj < χ2
α(fj), K�É�b�§@�ρj = 0§Kkρj+1 = ρj+2 = ... = ρp = 0"

5¿AÄkéΣ12 = 0 ?1u�"

5. ©Û

3��;.�'Cþé�§�±^�Cþ�1Ö�NÙ3�A�;.�'Cþé

¥��^"

1Ö´Cþ|X = (X1, X2, ..., Xp)′�?��IXi, i = 1, ..., p�Ù�5|ÜVj = α′jX�

�'Xê§γXiVj
= Cov(Xi,Vj)√

V ar(Xi)
√

V ar(Vj)
, i, j = 1, ..., p¡�Xi3Vj¥�1Ö"aq/§Yi�Wj�

�'XêµγYiVj = Cov(Yi,Wj)√
V ar(Yi)

√
V ar(Wj)

, i, j = 1, ..., q ¡�Yi3Wj¥�1Ö"

yÄ��n × p�Ý
X§©¬�g�nj × p�
Xj , j = 1, ..., g§Xj �nj�15g+

NΠj , j = 1, ..., g"^n× (g − 1) �Ý
YL«X�©+I�µ

yij =
{ 1 xi ∈ Πj ;

0 xi /∈ Πj

i = 1, ..., n, j = 1, ..., g − 1

�r�O©Û¯Kz�;.©Û¯K§ÄkÚ?�«CþÝ
Y§,�¦X�Y���

;.�'Xêλ1Ú�A�;.�þa1§=����O¼êY = a1X"

SAS ;.�'©ÛL§�CANCORR"SPSS k;^�÷½ÂCANCORR§Ù¦^�

{�µCANCORR SET1=CþL1 /SET2=CþL2"BMDP�A�§S´6M"

§2.3.7 �O©Û

1. ´�â���N�,
A½�I�*ÿ��äÙaO8á�ÚO©ÛEâ"lêÆþ

w§Ò´éäk©Ù¼êFi(x) �k �1NGi, i = 1, ..., k �½�½����Nx 5g@

�1N"~���O©Û�{kFisher �5�O!Bayes �O!ål�O!Ø�Ý{�"

3SPSS/PC+ DSCRIMINANT ¥�Ä�b½´ë��O©Û�1Näk�����©

Ù§±�5�O¼êÚBayes ©a5K?1�O"

±e{�0�Fisher �5�O¼ê!Bayes ©a5K±93DSCRIMINANT ¥¦^

��
Vg"

2. ÊÏ�O(�ÅÚ�O)
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(a) Fisher �5�O¼ê

éup �*ÿX = (X1, X2, ..., Xp)′§�5�O¼ê�L�µ

D(X) = β0 + β1X1 + ... + βpXp

Fisher �5�O¼ê�Xêbi �À��K´¦þã¼êD(X) ���¦�U3

ØÓaO¥ØÓ§�ó�§́ À�¦'Çλ=|m²�Ú/|S²�Ú�����X

êbi"

é*ÿ�NX0§�\þãFisher�5�O¼ê�§��Ù�O�©D(X0)"Fisher

OK�Jø
(½�OXê�OK§¿��9é�N�©a5K(allocation rule)"

(b) Bayes ©a5K

|^�O�©§DSCRIMINANTÄuBayes©a5Kò���N��,�aO"

dBayes_VÇúª§3®�,�*ÿ�NX0 äk�©D(x0)�^�eÙáu1Ni

�VÇ

P (Gi|D(X0)) =
P (D(X0)|Gi)P (Gi)

Σk
j=1P (D(X0)|Gj)P (Gj)

Ù¥P (Gi) �1NGi �k�VÇ(prior probability)"

k�VÇ´'u�1N��«k��£§Ù�O�dNõ�{��"é·ÜÄ

�¯K§�^¤Ä��z�1N¥�N�'~��ék�VÇ��O"éu�½Ä

�¯K§K�U�Äæ^Ù¦å»�O"��§e�1N��UÑy½éÙk�&

E����§K�é¤k1Næ^�k�VÇ"3DSCRIMINANT ¥§�þãn«

/ª�k�VÇ3PRIORS f·-¥�O
�A�Ñ\�ª"

�âBayes©a5K§ÄuÙ�O�©D(X0)§���NX0òU����VÇP (Gi|D(X0))

(½Ùáu=��1N§=©a�5Kµ

e

P (Gi|D(X0)) = max
j

P (Gj |D(X0))

Kò*ÿ�NX0 (Ù�O�©�D(X0)) ��áu1NGi"

(c) Ôö��!����

��;.��O¯KÏ~©�üÚ§Äk�âÔö��(Ù¤�¹�*ÿ�N

�aO8á®�) �E�O¼ê§Ùgé����(Ø�Ù*ÿ�Náu=�1N)

½é�y��(ÏLéÙ�O(Jé��Ç?1�O)?1�O"3DSCRIMINANT

¥§|^SELECT f·-�òÔö��Ú����(½�y��) ��NI£Ñ5"

(d) IOzÚ;.�O¼ê

IOzÚ�IOz�OXêµ�IOzXê´3Cþæ^�kÝþü �¦

���Xê§
IOzXê(XÓ3£8©Û¥@�)´�CþU"þ�ü ��I

Oz��Xê"IOz�¿Â3uIOz
�
duØÓÿþü ¤Úå� �§

l
¦�OXê����NÑÙ�Cþ�ØÓ­�§Ý"

;.�OXêµ��5�O¼êUìFisher OK(¦|m²�Ú�|S²�Ú

�'��) ¦��§§TÐ�u;.�'©Û¥�;.�'Xê§Ïd§§q¡�

;.�OXê"
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(e) õa�O¼ê�ê

éõa�O§�ïáõ��O¼ê§éP�ýÿCþ§Ka�O¯K§Ï~km

�¼ê§m ÷vm ≤ min(k − 1, p)"��`5§3Fisher �5�O¼ê¥§±���

��éA��OUå���§Ïd~�^§?1�O§�k�3õa�O¥§̄ K

��E,§��ïáõ��O¼ê"3DSCRIMINANT¥§æ^FUNCTIONf·-

û½�O¼ê��ê"

3. ÅÚ�O

ÅÚ�O¥kü�'���§CþÀJOKÚCþÀJ�{"

DSCRIMINANT ¥Jø
Ê«CþÀJOK§�|^f·-METHOD ÀJ¦^§

e¡òÊ�OK\±0�"

�kk �1NG1, G2, ..., Gk§p �ýÿCþ§Pni �1i �1N���¹þ§Xij �

1j �1N1i �Cþ�þ�§Xi �¤k1NÜ¿�1i �Cþ�þ�§wij �|S��

�
�_
1(i, j) ���§~^�CþÀJÀOKk±eA«µ

�Rao �V ÚOþ

V = (n− k)
p∑

i=1

p∑
j=1

wij

k∑
l=1

nl(Xil −Xi)(Xjl −Xj)

�¡Lawley-Hotelling ,§V �ìC©Ù�χ2
p(k−1)"

w,§|Sþ������§V Ò��§Ïd§�	��Cþ�z���wòÙ\

\��.�V �Oþkõ�§ÙOþwÍ5u��Äuχ2©Ù?1"

�Mahalanobis ål(ê¼ål)

1Na Ú1Nb �m���ål½Â�µ

D2
ab = (n− k)Σp

i=1Σ
p
j=1wij(Xia −Xib)(Xja −Xjb)

CþÀJ�ÄkO�¤k1N�m�üüål§Ùg§éäk��ål�ü�1N§À

Jäk��D2 �Cþ\À�."

�|mF ÚOþ

Äuê¼ål§��Eü1Nþ����"b�u�§ÙéA�ÚOþ�µ

F =
n− 1− p

p(n− 2)
nanb

na + nb
D2

ab

F ��^uCþÀJ,3z�Ú,ÀJäk��F ��Cþ\À"

��)ºCÉÚ

duê¼ål�£8©Û¥�R2¤'~§=µR2 = cD2§éuz�é1Na Úb§l

£8©Û�Ý5w�)ºCÉ�1−R2
ab§Ù¥R2

ab �E�'Xê�²�"3Cþ�ÀJ

�§À�¦/�)ºCÉÚ0���Cþ\À"

�Wilks �λÚOþ

ÀJ¦Wilks λ���Cþ\À�.´��~^ÚÖö��ÙG��«ÀJOK"
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3DSCRIMINANT ¥Jøn«~^�CþÀJ��{µc?{!�ò{ÚÅÚÀ

J{"Ù�n�ÅÚ£8©Û��§�´Cþ\À�OKØÓ"n«CþÀJ{�|

^ANALYSIS f·-?ÀÙ�"

e¡±ÅÚÀJ{�~`²Ù¢�Ú½µ(i) 3¤kCþx1, ..., xp ¥]ÀéÀJO

K
ó���U�É��Cþ\À¶(ii) �1��Cþ\À�§éÿ�\ÀCþ§�â

OK­#O�µ�§ÀÑe��äk���U�É��Cþ\À¶(iii) é®\ÀCþ§

A­#µd±�	Ù­�§Ý´ÄÏÙ¦\ÀCþ�?\
u)Cz§9�íØ÷v

íØOK�Cþ¶(iv) XdUY§��QØU\À#CþqØUíØ®\ÀCþ��"

d�§|^�ªÀ\�Cþ�¤�O¼ê"

3þã�{L§¥§DSCRIMIANT ò3z�Úw«���c®\ÀCþL§3�

��Ú§�Ñ��nAL§±`²�g\ÀÚíØCþ�L§±9ÚOþ�wÍY²"

SAS ��O©ÛL§�DISCRIM§;.�O©Û�L§´CANDISC"

§2.3.8 àa©Û

1. ´3�|*ÿ�NaO8á���^�e§�âÙ*ÿ�I3ê�þ�A�?18a

�ÚO©ÛEâ"~��àa�{kµXÚàa{§Ä�àa{!©){!kSàa{

�"3?1àa©Û�§A²(µ¦^=
CþºCþ�ålXÛ(½º¦^=
OK

?1a�8¿ºSPSS/PC+ CLUSTER ·-Jø
XÚàa{§±eÑ\0�"

2. �qXêÚål

*ÿ�N�8a´Äué�N�m'X�,«Ýþ?1�"~^�Ýþk�qX

êÚål§=�â*ÿ�N�m��q½ål�C?18a§SPSS/PC+ CLUSTER ¥

æ^��qXêÚål0�Xeµ

�X ′ = (x1, x2, ..., xm)§ÚY ′ = (y1, y2, ..., ym) �ü�äkm �Cþ�I�*ÿ�N"

±e�¦Ú�����eI��þ´1.,,,m"

�SEUCLID (²�î¼ål) d(X, Y ) = Σ(xi − yi)2

�EUCLID (î¼ål) d(X, Y ) =
√

Σ(xi − yi)2

�COSINE (Y�{u���qXê) C(X, Y ) = Σxiyi/
√

Σx2
i Σy2

i

�BLOCK (ýé�ål) d(X, Y ) = Σ|xi − yi|

�CHEBYSHEV (�'ÈÅål) d(X, Y ) = max |xi − yi|

�POWER(P,R) (ýé��ål) d(X, Y ) = r
√

Σ|xi − yi|p

Ù¥§�r=p ��²�ÅdÄ(Minkowski) ål§r=p=1 ��ýé�ål§r=p=2 �

�î¼ål"

3. XÚàa{9amål

XÚàa{�Ä�g�´§Äkòn��à*ÿ�Nw�n�a§,�5½�N�m

�ål½�qXê(SPSS/PC+ CLUSTER¥ÀJþã8«��)±95½�a�m�å

l§ÀJål���üa��#��a§,�­#O�¤k�a�m�ål§2gÀJ

ål���üa¿��a§XdUY§��¿��a��"ù�8aL§�^�Üàa

ã½ÌXã/�/L«Ñ5"
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Ïd§XÚàa{¢��,��­�cJ´½ÂÝþ�a�mål��{§̂ G1, G2, ...,

L«§�©Ok*ÿên1, n2, ...,�a§dij L«*ÿ�Ni�j �ål§Dpq L«Gp �Gq

�ål§SPSS/PC+ CLUSTER ¥¤Jø�Ýþamål�{kµ

�am²þ{(BAVERAGE) D2
pq = (1/npnq)Σd2

ij , i ∈ Gp, j ∈ Gq

�aS²þ{(WAVERAGE) D2
pq = [Σd2

ij + Σd2
kl]/[C2

np + C2
nq], i, j ∈ Gp, k, l ∈ Gq

��áål{(SINGLE) Dpq = min dij , i ∈ Gp, j ∈ Gq

���ål{(COMPLETE) Dpq = max dij , i ∈ Gp, j ∈ Gq

�­%{(CENTROID) Dpq = dxpxq
Ù¥xp Úxq ©O�aGp ÚGq �þ�­%�7

L^²�î¼ål§eòGp ÚGq Ü¿�#��aGr �§Ù#�(þ�)­%½Â�µxr =

(1/nr)(npxp + nqxq), nr = np + nq

�¥ma{(MEDIAN) D̃pq = d̃XX

A�5¿�´§�­%{ØÓ�?3u3¥ma{¥§�Gp ÚGq ¿��a�§Ù

#�(¥ma{) ­%½Â�µX̃ = 0.5(Xp + Xq)

�WARD {�òé�*ÿ�N©¤æa§G1, G2, ..., Gk§^xit L«Gt ¥�1i �

�¬(5¿xit �m ��þ)§ÄkO�aGt¥*ÿ�N�l�²�ÚµSt = Σnt
i=1(xit −

xt)′(xit − xt). �k�½�§�ÀJ¦S = Σk
t=1St4��©a"

õ���:àa�§XJê8é�§̈ æ^K-meansàa"

SAS¦^CLUSTERÚFASTCLUS!ACECLUS?1XÚàaÚK-meansàa§3BMDP

¥�'��¬�1M!2M!3MÚKM"

§2.3.9 ©aêâ©Û

�ëYêâ©ÛkNõaq�?§ùpÌ�0�éê�5�.Úlogistic £8©Û§é

ê�5�.3113Ù�k�
?Ø"

1. éê�5�.

éê�5�.�£8�.k�q�?§3éê�5�.¥§¤k�^u©a�C

þþ��gCþ§
ÏCþ���L¥�:þ�nØªê"

~X§éuCþX ÚY �r × s �éL1i11j ����.�µ

ln(mij) = µ + λX
i + λY

j + λXY
ij

Ù¥λX
i ÚλY

j ¡�Ì�A§λXY
ij ¡��p�A§mij ��:(i, j) �nØªê"

éê�5�.�©�©�(hierarchical) ÚØ©�ü�a§Ù¥©��.��~^§

§´�XJ�.¥Ñy
,�|Cþ�,«�p�§K7�3ù
Cþ¤k�U|Ü

�$��"

~X§3r × s�éL¥§e©��.¥ÑyλXY
ij §K7ÑyλX

i ÚλY
j §e�.Ø�

)λY
j §K7Ø�)λXY

ij "

SPSS �HILOGLINEAR ^u?n©�éê�5�.§±eé§��0�"

©�éê�5�.kü�­�A~µ�Ú�.��¹
¤kCþ�Ì�AÚù


Cþ¤k�U��p�A��éê�5�.¶ÕáCþ�.�Ø�¹Cþ��p�A
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��éê�5�.¡�ÕáCþ�."~Xþ~¥Ø�¹λXY
ij �K�ÕáCþ�."w

,§�Ú�.ÚÕáCþ�.´��©�éê�5�.�ü�4à�/"

(a) �.ëê9�O

éê�5�.ëêk��­�5�µ3Ù{CþØC�^�e§?¿�Cþ�

¤k�A�Ú�""Xþãr × s�éL¥µ

Σr
i=1λ

X
i = 0,Σs

i=1λ
Y
i = 0, Σr

i=1λ
XY
ij = 0, Σs

i=1λ
XY
ij = 0

i = 1, ..., r, j = 1, ..., s

þã5�3éê�5�.�ëê�O��~k^"3HILOGLINEAR ¥§�J

ø�ëêgdÝ���ëê�O§Ù{ëê�þã5�g1í�"

Xþ¤ã§éu©�éê�5�.§�½
�p��p�A�§¢SþÒ�½


���.�(�"3HILOGLINEAR ¥§|^DESIGN
·-�½�Ú�.)¤

a¥�,�.��p��p�§±�½T�.�(�"

HILOGLINEAR3�Ñëê��O��§́ Uìþã�p��p�¥��>�

Cþ^Sz���§�m>Cþ�g�Ù�gdÝ�A�¤k�U���ª�Ñ

ëê�O"

~X§3Cþ�XÚY�3× 3L¥§e�½�p��p��XY§K^S�Ñe

�ëê��O"

λXY
11 , λXY

12 , λXY
21 , λXY

22 , λX
1 , λX

2 , λY
1 , λY

2

Ù{ëêþ�d�å�§�Ñ"

HILOGLINEAR æ^S�'~[Ü�{�õ��éL[Ü©�éê�5�."

éS�����ÏLHILOGLINEAR¥�CRITERIA f·-���O°ÝÚ��S

Úê¢y"

(b) u�

~��'u[Ü�b�u�k±eü«µχ2 [Ü`Ýu�

χ2 =
∑ ∑ (nij − m̂ij)2

m̂ij
∼ χ2

(r−1)(s−1)

q,'χ2 u�

2
∑ ∑

nij ln(
nij

mij
)

ª¥nij ´¢S*ÿªê§m̂ij �Ù�A�[Ü�§eIi, j�¦Ú´éL¥¤k�

:
ó§3����¹eùü«ÚOþ�d"

(c) í���ä

�.[ÜÐ���ÏL�	Äu�.�)�Ï"�:�*ÿ�:����=

í�?1§´�§��.[Ü�Ð�§í�A��"�£8©Ûaq§�	IOz

í��§dí�Ø±ÙIO��¤��'���	í���Ün"

IOzí�=[*ÿ�:ê- Ï"�:ê]/
√
Ï"�:ê
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e�.´Ü·�§KIOzí�òkìCIO��©Ù"Ïd§�IOzí

�ýé��u1.96§L²[ÜéØÐ"í���äaqu£8©Û¥��/"(1)

*	/IOzí���:*	ªê0ãÚ/IOzí����:Ï"ªê0ã¶

3HILOGLINEAR ¥§ÏLPLOT f·-¥�RESID �þãã/w«"(2) *	�

�VÇã§Tã´±��VÇ�p�§±IOzí��î¶�¤�ã"w,§�

�.[ÜÜ·�§ã/A��^��"3HILOGLINEAR ¥§ÏLPLOT f·-¥

�NORMPROB �)þãã/w«"'uí��ä�?�Ú?Ø§�ë�/£8í

�©Û0�!"

(d) �.ÀJ

��.©¬ÀJ{

aqu£8©Û¥|^E�'Xê�UCþ5�y#OCþ��z§3©�

éê�5�.¥Ï~|^q,'χ2ÚOþu����.3O\,#��A��Ù

éA��z��§l
û½�.�ÀJ"

3HILOGLINEAR ¥ògCÄ�Ñüab�u�µ'u¤kk�9Ù�p��

A�"�b�Ú'uk��A�"�b�"

��òíØ{

du3éê�5�.¥�ò{'c?{é�.ÀJ�Ü·§¤±HILOGLINEAR

�Jø
�ò{"ÙÐ©�.�±´?Û©�éê�5�.§§SòO�¤k�

p��p�k���*ÿwÍ5Y²§éuÙ*ÿ�Y²�u�3OK���A

�§eÙíØ��q,'k���wÍ5UC§K���íØ"5¿3ù�Ú¥§

�(�´©��.§��	éAu)¤a��A�"aq/§3íØ,��A�Ä

:þ§2g'�*ÿwÍ5Y²Úq,'k�±û½Ù§��A�´ÄíØ"�ò

íØ{ÏLMETHOD f·-¥�BACKWARD ÀJ��½"

2. LOGISTIC £8

´�«^u(J��©aêâ�õ�©Û�{"61¾Æ©Û�¾Ï��(J�

'X§kü«�{²~¦^§�«¡½+½è�ïÄ§3N�m©�§ò<+©¤ü|§

©O�³u,«Ï�§,�|^�éì§d���*	¦�3���ÏS�(Û§¡�

cÇ5½+ïÄ¶ÄKe^yké�§J�¤ïÄ�³Ï��K�§Ò´{¤5½+ï

Ä"1�«´N�¾<Ú�¾<�³uu,�xÏ���{§¡�¾~éìïÄ§e¾

~½��þ´<+¥��Å��§K¾~�éì¦^���ê8Ø�½��§¡�¤|

¾~éìïÄ¶ÄKéz�¾~UA½^�Xc#!5O!4��éÑéì§Ò´�é

¾~�éìïÄ§éì�±´��½õ§¡�1: 1�éÚ1:M�é"LOGISTIC£8´©

Ûù�aêâ�kå�{§SPSS/PC+^LOGISTIC REGRESSION·-§SASÚSYSTAT

�Ñ�±�¤|½�?©|�LOGISTIC£8©Û§SAS��?1^�LOGISTIC£8"

yl��õ�£8©ÛÑu§�.é�©aêâ�ÏCþYi ýO��A´��0 ∼ 1 �

VÇPi§Ï~�£8�J7,ØZ§y�LOGIT C�ln( P
1−P )§kµ

ln(
P

1− P
) = β0 + β1X1 + β2X2 + ... + βkXk

½

Pi =
exp(β0 +

∑k
j=1 βixij)

1 + exp(β0 +
∑k

j=1 βixij)
, i = 1, ..., n



§2.3 õ�©Û 67

=¤|�LOGISTIC�."Ù¥(k +1)��þ(β0, β1, ..., βk)´��Oëê§�.éuβ′X

´üN�"y�,��©a��ACþY 3¯�u)����′A′§�u)����′B′§

q�k����£8Cþ��xÏ�X3Ñy����1§ØÑy����0§�âLOGISTIC

�.

P (Y =′ A′|X = 1) =
exp(α + β)

1 + exp(α + β)

P (Y =′ B′|X = 0) =
exp(α)

1 + exp(α)

Ù¥α´�å§β´£8Xê§éuäk�xÏf��N5`§¯��'ê(odds) ½Â

�
P (Y =′A′|X=1)
P (Y =′B′|X=1) = P (Y =′A′|X=1)

1−P (Y =′A′|X=1) = exp(α + β)¶aq/§éuvk�xÏ���N'

ê�exp(α)§'ê'(odds ratio)Ò´ùü�'ê�'§=I = exp(α+β)
exp(α) = exp(β)"dd

��£8XêβL«
Ï�d0 C�1 �éê'ê�Cz"�Ï��?è´a �b �I =

exp((b− a)β), βK´Ï�Cz��ü �éê'ê�Cz"3SAS PROC LOGISTIC ¥§

Ï��'ê'dÎ = exp(β̂) �Ñ§�&�dexp(β̂ ± zα/2
ˆs(β)) �Ñ"

LOGISTIC q,¼ê�´Bernoulli Cþ�q,¼ê§deªL�µ

∏
i

PYi
i (1− Pi)1−Yi = exp(

∑
i

Yi(β0 +
k∑

j=1

βixij))
∏

i

(1 + exp(β0 +
k∑

j=1

βixij))−1

þªL²§LOGISTIC �.´(k + 1) �ëê��êq©Ù§äk¿©ÚOþs0 =∑
yi, s1 =

∑
yixi1, ..., sk =

∑
yixik"éêq,¼ê'uβj����ê�Vj(β) = sj −∑

xij

exp(β0+
∑k

j=1
βixij)

1+exp(β0+
∑k

j=1
βixij)

, =sj �*	�~�Ï"�¶β ����
d&EÝ
�_�

Ñ§&EÝ
´µ

Mjl(β) =
∑

xij

exp(β0 +
∑k

j=1 βixij)

(1 + exp(β0 +
∑k

j=1 βixij)2
, j = 0, 1, ..., k, l = 0, 1, ..., k

lβ0 = ln( s0
n−s0

), β1..., βk = 0 m©§^β + [M(β)]−1V (β) Øä?��Âñ"

�é£8Xê�u�§�â�§�O¥���Cq§~^��õu�(Wald’s test)§

O©u�(score test) ±9q,'u�(likelihood ratio test)§k'`²��ëRao, C.R.

(1973)"

O©u�ÚOþdéêq,¼������ �O�§��5u�´|^ëê�

O��ÙCqIOØ�'�§Wald’s u�K´Tþ�²�"

�k�.logit p(Y = 1|X) = β0 9logit p(Y = 1|X) = β0 + β1X1§§��éêq,

¼ê©O�L(β̂0) ÚL(β̂)§�éb�β̂1 = 0 O�−2(L(β̂0) − L(β))§TÚOþäkCqg

dÝ�1 �χ2©Ù"

3SAS PROC LOGISTIC¥Ú\
Hosmer-LemeshowÚOþ§Ù�nXeµ3¦�£

8Xê�§�\�úª��z��A�VÇ§rù
VÇl���?1ü�§,�UX

e5K©¤���|µPN �*	�Noê§M ´z�æ|��NêM = [0.1N + .5], [x]

´x��êÜ©§e�©êâ´�©|�§K�|ÑkØÓM ����N¶e]�´©

|�§K*	�NU*	�|.?1©|§éA1��*	��N©�1�|§�1�

�*	kn1 �N§1��*	kn2�N§�n1 < M 9n1 + [0.5n2] ≤ M �1��*	�
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��1�|§��5`e(j − 1) �*	®��1k |§
1k |kc ��N§1j �*	

��N3c ≤ M, c+[0.5nj ] ≤ M ����1k |§ÄK��e�|§,	e���|��

Nê8Ø�L[0.5×N ]§Kr��ü|Ü¿"Xd©�g |§ÏL*	�O�ªê�2× g

L§O�Hosmer-Lemeshow [Ü`Ýu�§ÚOþ�µ

χ2
hw =

g∑
i=1

(Oi −Niπi)2

Niπi(1− πi)

Ù¥Ni ´1i |¥��Nê§Oi ´1i |¥�¯�ê§πi ´1i |�¯�(J�²þ�

OVÇ§ÚOþ�χ2(g − 2)©Ù?1'�"

SASéu�.¥�¹©aCþ��¹§�ÑÑõ�Xê§�Ñ
r©aCþ��ë

Y.�ØÜn5"X«xCþrace k/1.ç<!2.x<!3.Ü�ß<!4.Ù¦0��©a§

��ëYþ?nKØÜn§
^åCþ(dummy variable) éCþ?1?è§ØÓ�^�

?è�ªØÓ§Xµ
1 0 0

0 1 0

0 0 1

0 0 0

 ,


1 0 0

0 1 0

0 0 1

−1 −1 −1

 ,


1 1 1

1 −1 −1

−1 1 −1

−1 −1 1


1�«¦^ëì|?è(reference cell coding)§1�«´�oþ��?è(deviation from

means coding)§1n«���?è"3�Cþ£8¥§~ê�L«
éì�þ�½ö´

o*	�þ�§½´|þ��\���§SAS r����©a�ëì|§
GLIMK�

1�|�ëì§Hosmer, D.W.ÚS. Lemeshow (1989) éd?1
`²"

SAS ©aêâ©Û�Ì�L§´FREQÚCATMOD"

3. Ù§�{

éA©Û(corresponding analysis)´^ã/�ªL�ü��éL'X��{"1Ú�

^ãþ�:5L«§:� �L«
'X§:��I�´;.�'�.©ê��«�

ª"`:µÄk§õ�©aCþ�±²L�éLêâ{²/L�§ù�Ãã¦�ïÄö

|^ykêâ½Â8��¶Â�½ØN´ÿþ�êâ?1©Û"Ï�Ïf©Û�U�

é¤k©ÛCþþ�«ma.���/"Ùg§Ï�éA©ÛØ=�x
1���'

X§�L�
§�g�©am�'X§'Xµ��NõA�'��C§K§��Ó+'

���§ù�Ò�¤
�|A�§Ï
�Ì¤©©Û¥�Ï���"��§�´�­�

�§éA©Û�1��©aJø�ê���L�"":½Û�5µÄk§ù��{´£

ã5�Ï
Ø·ub�u�"e�½þ£ã©am�'X§A�¦^éê�5�.�

�{"éA©Û�·u&¢5©Û"Ùg§ÓÙ§ü��{��§¿Ø�3(½��Ü

·�ê��{§ïÄöA3�±)º�êâL��{²�m?1�ï"��§éA©Û

éuÉ~�E'�¯a"conjoint ©ÛAO^u©ÛA�öXÛé,«�{!�¬½Ñ

Ö�ª�5"ÙÄ�b�´�¤ö´3nÜ
ù
A���?1µd§3ù�¿Âþ

§�ÛÏ�O��"3
)
A�ö�ª�5��§·��±éù���5?1¿Û§

�dü�A���zõ�"Ïd§§kOu�O©ÛÚ£8©Û§Ï��ö�´�âõ

�A��o���5?1'é©Û"ù�«O�±¡�/|Ü��©)(decomposional

/compositional)0�ØÓ"
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§2.3.10 )�©Û

1. 3�ÆÚ��5©Û¥§,�é��*	~~��mk'§X*	,«¬5d�ä�

k��¾§§,«�¬l¦^�����m"ù
êâ~^)�©Û5?n"ØÓu±

 c�ÚO©Û§)�©ÛïÄ���u"§¿�k����ÅCþ"

y^T L«���m§PÙ©Ù¼ê�F (t) = P (T ≤ t)§L«
���t ���

VÇ¶)�¼ê�S(t) = P (T > t) = 1 − F (t) = exp(−H(t))§L«t ��E,�¹�V

Ç§Ù¥H(t)=
∫ t

0
h(u)du¡�\Èºx¼ê"XJCþT��Ý¼êf(t)�3§@oºx¼

êh(t) = f(t)/S(t) = f(t)/[1− F (t)],§L«3��t¹X�^�e§��t����VÇ"

2. Kaplan-Meier �.´�«�ë�{§�kk�*	�mt1 < t2 < ... < tk, z�*	�

mtikni�*	é�§Ù¥kdi���§i = 1, 2, ..., k, )�¼ê��O�

ˆS(t) = Πtj<t
nj−dj

nj
, S.E.[ ˆS(t)] = ˆS(t)

√
Σtj<t

dj

nj(nj−dj)

ÙØ��Oúªq¡�Greenwood úª"

3. log-ranku�

y�éü|?n?1'�§ü|©OkM ÚN �*	§wÙ)��¹´Ä�Ó§

b�3M + N �é�����m´Ø­E�§��âz��m«mrü|��¹�u

L2.14µ

L 2.14 )�Ç'�O�L

?n| tj ���� tj−0�?uºx�ê8

1�| mj Mj

1�| nj Nj

3>���½enj �^�©Ù´�AÛ©Ù§=3k�oNMj + Nj ¥kmj + nj

�k,«A�§,�lNj ���¥*	�nj �äkA�"Ïdnj�^�Ï"���´µ

Ej =
Nj(mj + nj)

Mj + Nj

Vj =
MJNj(mj + nj)(Mj + Nj −mj − nj)

(Mj + Nj − 1)(Mj + Nj)/2

Pw1, w2, ..., wJ ´�
®��~ê§b�n1, n2, ..., nJ �pÕá�äk��©Ù§Ù

Ýdþª�Ñ§KΣwj(nj−Ej)�äk��©Ù"?�ÚkQ(w) = (Σjwj(nj−Ej))2/ΣjVjw
2
jÑ

lgdÝ�1 �k�©Ù"

�wj = 1 �§Ò´'~º�u�µQPH = (O − E)2/V,O = Σnj ´1�?n|

k*	��ê8§E ´�A�Ï"�§ù�u�Pk¯õ�¶iµlog- rank!Mantel-

Heanszel!Generalized Savage ±9exponential order scores test"

�wj = Mj +Nj�§Ò¤�generalized Wilcoxonu�"ù��{�±í2�õ|",

	§éuºx¼ê�u��´é­��"16Ù0�
éGehan'uxÉ¾êâ©Û�(

J"
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L 2.15 '�õ|)��¹�O�L

?n| tj ��ê tj−0 ���ê

0 n0j N0j

1 n1j N1j

. . .

k nkj Nkj

oO n.j N.j

�|êõuü�§kaq�úª"yr�?n|����¹�XL 2.15 µ

nj = (n1j , n2j , ..., nkj)′, Ej = (E1j , E2j , ..., Ekj)′

Eij = Nijn.j/N.j

Vil = [n.jNij(N.j − n.j)(N.jδil −Nlj)]/[(N.j − 1)N2
.j ]

Ù¥δil ´Kronecker PÒ"1k|�2Â'~ºxÚOþ

QPH = (O − E)′V −1(O − E)

3Hµh0(t) = h1(t) = ...hk(t) �b�e§QPHCqÑlgdÝ�k �χ2©Ù"

4. ëê�.�{ü�´�ê©Ù§f(t) = λ exp(−λt), h(t) = λ, S(t) = exp(−λt), t > 0"~^

�ëê�.�uL2.16µ

L 2.16 A«)�©Ù�ºx¼ê�)�¼ê

© Ù h(t) S(t)

�ê(exponential) λ exp(−λt)

%Ù�(Weibull) λtγ exp(−λ/(γ + 1)tγ+1)

Gompertz λ exp(γt) exp [−(λ/γ)(exp(γt)− 1)]

³ê(Gamma) üN½½~

éê��(log normal) O���§,�eü

��.�ëê��OÏ~æ^4�q,�{"�kn���3,��*	�d��

�§Pti, i = 1, ..., n�*	���A���½���m§b½t1, ..., td����m§Kq,

¼ê�µ

L = Πd
i=1f(ti)Πn

i=d+1S(ti)

IOØdëê�Fisher &EÝ

�"

é�ê©Ù§q,¼ê�

L(λ) = λd exp(λ
∑

ti)
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4�q,�O�λ = d/
∑

ti§|^��Cq§k�A�u�ÚOþµ

(ln λ̂− lnλ)/
√

(1/d)

ü��ê©Ù���u�ÚOþ´µ

(ln λ̂1 − ln λ̂2)/
√

1/d1 + 1/d2

þ���5zu�"

)�©Û�Æ·L{3SAS PHREG!BMDP1L ÚSPSS/PC+ ¢y"

5. Cox £8�.

Cox �.´�«�ëê½¡'~ºx�.(proportional hazard model, PH model)§Ù

ºx¼ê�h(t; x) = λ(t) exp(β′x), λ(t)´��?¿�¼ê§¡�Ä�ºx¼ê"X¡��

Cþ§β´��ëê¶qÏ�h(t;x1)/h(t;x2) = exp[β′(x1 − x2)]é¤k��t¤á§¤±´

'~ºx"�*	�k����mt1 < t2... < tk, -xi�Ù�A��Cþ�§Cox q,¼

ê�

L(β) =
k∏

i=1

exp (βxi)∑
j∈R(ti)

exp(βxj)

Ù¥R(ti)´3ku��ti�vk�����8"ëêβ�ÚOíäÄuCox q,¼ê"

��Cþ´�m�¼ê§K�.¡�m�Cþ�Cox �."���Ñy­E�§̄

K�E,§~^�?n�{XBreslow �{!lÑlogistic �{!Efron �{�§ù
�{

�dSAS PHREG ÚSPSS SURVIVAL ¢y"

SAS)�©Û�L§�LIFEREG!LIFETESTÚPHREG"SPSS L§�SURVIVAL!KM

ÚCOXREG§©O?1Æ·L!Kaplan-MeierÚCox)�©Û"BMDP2L�±?1�½�Cþ

Ú�C�Cþ�Cox£8©Û"
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