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1 �Š�è�[�w�è�$

�Š�è�[�p�x�z R �›�–�l�o�ˆ�s�^�œ�U�K�”���S�w�Ã�”�»�r
s�›�p�V�”�‘�O�t�s�”�\�q�›�è�$�q�`�o�M�‡�b�{ R

�x�Ù�å�x���t�b�;	��U
ÿ�Q�o�M�”�Ã�”�»�r
s�¹�Ñ�Ä�p�b�{�f�w�›�Ã�q�`�o�x�z�Ž�<�w�‘�O�s�‹�w�U�K�[�’�•

�‡�b�{

� �K�’�•�” OS �p�–�;�p�V�”�{

� �Á�‰�{

� 
H�„�¤�w�w�-�¶	��U�‰
C�t���˜�l�o�S�“�z�‰
C���S�U���X�z	ô�T�S�‹�ô�M�{

� �Ã�”�»�w
T���~�C�»�z�^
$�z�w�-	r�g�U
¶�o�æ�Q�”�{

�q�M�O�\�q�p�z R�U�–�Q�”�‘�O�t�s�”�q�z�Ã�”�»�'�j���ˆ�q�^
$�x�š�X�d�”�z�w�-�x SPSS�z JMP...... �M�•�M

�•�z�\�l�j�w�Z�€�è�t�s�l�h�’�^
$�x Delta Graph�z�w�-�x
H�t�‹�ª�–�`�M�š�X�d�”�w�- .......... �q�M�l�h�‘

�O�t�z�•�”�\�q�t�‘�l�o�¹�Ñ�Ä�›�M�j�M�j	Ð�“�õ�Q�h�“�b�”
ž�A�U�s�X�s�“�‡�b�{

�Š�è�[�p�x�z R�›�;�M�h

� �Ã�”�»
â�^�¢ 2 	·�£

� �^
$�¢ 3 	·�£

� �w�-�r
s�M�O�¢ 4 	·�£

�q�M�O�\�q�›�r
†�`�‡�b�{�p�b�U�z���s�x�Ì���w
M�ÿ�‹�K�”�w�p�z
¶
æ�x	º�p�`�‡�d�œ�{

1.1 �–�O�Ã�”�»

� 	%�æ�w
\�’�z
R�Õ�t�F
ü	r�g�q�Ì�”�^�U�)�Q�”�è�¹�›�Ð�‚�h�Ã�”�»

� syori �x�F
ü	r�g

� FL �x�Ð�*�Ó�é�¿�Ä�w
j�ø

� ID �x�x�.�w
j�ø

� omosa�x�x�.�w
ï	O�”�z tijou �x�x�.�w�•	Í
æ	O�”�z ne �x�x�.�w���w	O�”�z miki �x�x�.�w�ð�w	O�”�z

ha �x�x�.�w�?�w	O�”

� light �x�x�.�w�«���¥

� surv �x�x�.�w
\�’�¢ 1 �U
\�’�z 0 �U�®�b�£

syori FL ID omosa tijou ne miki ha light surv

1 futsuu C510 C-1 2.12 1.99 0.13 0.91 1.08 0.2647800 1

2 futsuu C510 C-10 3.20 2.54 0.66 0.89 1.65 0.1329878 0

......

2 �Ã�”�»
â�^

�\�w	·�p�x R�t�Ã�”�»�›�¡�ˆ���œ�p�z
T���~�C�»�b�”�M�O�›�¶�|�‡�b�{ R�p�w�^�À�w
¶�o�w�,
Å�q�s�“�‡�b�{
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2.1 R�t�Ã�”�»�›�¡�ˆ���‡�d�”�M�O

2.1.1 �Ã�”�»�Ñ�•� �ç�w�^�“�M

� �š�X�d�”�s�r�t�Ã�”�»�›�'�j���‰�{

� �¤�»�t�x�.
j�ø�z���¥	Ú�E�s�r�›�Ö�•�”�{

� 1 �æ�è�t�x�Ã�”�»�w�å�Õ�ç�›�Ö�—�b�”�{

� �Ô�Š� �z�›	����È�¢ % �•�Ó�·�s�r�£�x 
ˆ�0�t�–�˜�s�M �¢�7�Ù�w R�x�Ô�Š� �‹�–�Q�”�ˆ�h�M�p�b�U�£�{�Ö

�—�`�o�M�M�w�x�z
:�È�z
R�¯�ó���È�z�í�]�w�ˆ�¢
\�’�s�’ 0 �q 1 �p�à���b�”�£�{

� �,�Š�$�t�í�w�·�ç�›�^�’�s�M�¢�=���‹�U�K�”	Ô�ù�x�í�]�p�‹�‘�M�U�z NA�›�Ö�—�`�o�S�M�h�M�U�M�M�£�{

� �§�l�h���Ü�¢���‚�M�U�Ÿ�s�”�£�w�Ã�”�»�›�‰�°�Ñ�•� �ç�º�t���O�^�d�s�M�{

� �Ö�—�U	4�˜�l�h�’�z�-���b�”�M�t�® csv�¢�§�ï�Ú�à
~�“�£ *.csv� �̄›
¬�R�`�z csv �Ñ�•� �ç�q�`�o�-���b�”�{

2.1.2 �;�™�`�h�Ñ�•� �ç�›�”�X	Ô	t

R�•�Ñ�•� �ç�›�¡�ˆ���‡�d�”�t�x�z�š�X�d�”�s�r�p�^�l�h csv �Ñ�•� �ç�›�r�\�T�·�V�s	Ô	t�t�S�M�o�z�®�Ñ�•

� �ç�¯ ! �®�Ã�Ÿ�è�«�Ä�æ�w�!�Ë�¯�p�z�Ã�”�»�Ñ�•� �ç�U�K�”�Ñ�¥�ç�¼�›
¬�R�`�‡�b�{

�‡�h�x�z�Ñ�•� �ç�›�^�’�c�z�š�X�d�”�s�r�p�–�O
æ
ü�i�Z�¯�Ð�”�`�z�Ž�<�p	\�‚�”�¯�Ú�ï�Å�p�7�“
Ç�Z�”�q

�M�O�U�‹�K�“�‡�b�¢�K�‡�“�S�b�b�Š�`�‡�d�œ�U�£�{

2.2 R�p�w�Ã�”�»�w�{�M�M

R�p�Ã�”�»�›
â�^�b�”�,�Š�o�•�x�z �¦�Ò�´�£�«�Ä �p�b�{�¦�Ò�´�£�«�Ä�q�x�z�®�&�p�s���È� �̄p�b�{�×
ü�p�&�p

�t�m�Z�h���È�t�Ã�”�»�›�X�l�m�Z�o�z�Ã�”�»�›�M�a�“�‡�b�{�è	×�z R�›�I�ˆ�b�”�z�K�”�M�x�Ë�©�›	Z�`�o�M�s

�M	Ý�6�p�x�z R�t�x�z

�I�ˆ�Ì�w R� �

>
� �

�q
¯�Ô�^�•�o�M�”�x�c�p�b�{�\�•�x�z R�U�®�Ë�©�›	Z�`�o�X�i�^�M�¢	j
‹�¦�¿�­�”�p�b�£� �̄q�t�l�o�M�”�\�q�›

�Ô�`�‡�b�{�p�x�z�\�•�U	Z�o�M�”	Ý�6�p�z�¦�Ò�´�£�«�Ä�U�r�O�M�O�‹�w�T�z�¼�`�o�ˆ�‡�`�•�O�{

�Ã�”�»�w�¡�ˆ���ˆ�«� �

> d <- read.csv("data.csv") #read.csv(" �Ñ�•� �ç�É�”�Ü ") �q�M�O	{�V�M
� �

�¯�Ð�Ö�ÿ�w
�� �

> d <- read.table("clipboard")
� �

� �Ž	Í�w�‘�O�t�'�j���‰�\�q�p�z d �q�M�O���È �t data.csv �w�Ã�”�»�› �X�l�m�Z�” �\�q�U�p�V�‡�b�{

� �m�‡�“�z d �U�¦�Ò�´�£�«�Ä �p�b�{

� �Š�p�t�¡�ˆ���Š�h�w�T�z

> d

�p�¬�Ý�`�‡�b�{�^�l�V�w�Ã�”�»�U
¯�Ô�^�•�”�x�c�p�b�{
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� �¦�Ò�´�£�«�Ä�x�z
:�È�w�ˆ�z�K�”�M�x
:�È�U�„�t�R�”���È�Ž�Ž�s�’�?�p�‹�Ï�M�‡�d�œ�{�«�Q�y�z

> test <- read.csv("data.csv")

�q�`�o�ˆ�o�”�q�z test �t data.csv �w�Ã�”�»�U
Ç�)�^�•�o�M�‡�b�{

� �7	s�w�M�w�Ã�”�»�i�Z�_�h�M�q�V�x�z > head(d,3) �q�'�l�o�ˆ�o�<�^�M�{�\�•�x�z d �w�7	s�w 3 �æ�i

�Z
¯�Ô�`�o�X�i�^�M�q�M�O�¯�Ú�ï�Å�p�b�{�Ã�”�»�›�¡�ˆ���œ�i�q�V�x�z > head() �p�Ã�”�»�›�¬�Ý�b�”

���›�m�Z�o�<�^�M�{

2.2.1 �^�À�~�Ã�”�»�w�-��

�^�À�º�0�¢�¡�ˆ���œ�i�Ã�”�»�•
\
R�`�h�¦�Ò�´�£�«�Ä�s�r�£�•�¯�Ú�ï�Å�w�Ö�—�d�º�›�f�w�‡�‡�-���`�o�S�X

�\�q�U	Z�R�‡�b�{�^�À�º�0�x�z�®�Ñ�•� �ç�¯ ! �®�^�À�µ�Ö�”�µ�w�-��� �̄p .RData �q�M�O�¦�Á� �w�Ñ�•� �ç�q�`

�o�-���^�•�‡�b�{ .RData �t�x�z�¡�ˆ���œ�i�Ã�”�»�f�w�‹�w�U���‡�•�o�M�‡�b�¢ Linux �q�x�Ÿ�s�”�‘�O�p�b�£�{

.Rhistory �t�x�z�Ö�—�`�h�¯�Ú�ï�Å�w�d�º�i�Z�U���‡�•�o�M�‡�b�{

2.2.2 �\�‡�]�‡�`�h�\�q

� �©�”�Ø�”�Å�w	Í�ü�¹�¢�â�£�›�!�b�q�°�m
²�t�'�l�h�¯�Ú�ï�Å�U�z�<�ü�¹�¢�ã�£�›�'�m�q
Œ�w�¯�Ú�ï�Å�U


¯�Ô�^�•�‡�b�{

� �¯�Ú�ï�Å�›�Ö�—�b�”�M�z�M�V�s�“ R�t���È�›�'�j���‰�w�p�x�s�X�z 
ž�c�Ý�Þ�¾�s�r�p�Â�©�µ�Ä�w���p�¯

�Ú�ï�Å�›�<	{�V �`�o�z�f�•�›�¯�Ð�Ö�b�”�\�q�p�æ�l�o�X�i�^�M�{�Â�©�µ�Ä�›�’�`�o�S�X�q���§�l�o�M�h

�M�w	.
Y�•�z�K�q�T�’�×
ü�U�?�›�`�h�w�T	ü�“�&�”�w�t�(�b�p�b�{

�‡�h�z #�q�M�O�G�ø�w�™�x R�w�¤�p�Á�¹�^�•�‡�b�¢�¯�Ý�ï�Ä�ž�¢�Ä�£�{�f�w�h�Š�z�¯�”�Å�¤�t�Ô�Š� �p�?

�›�b�”
â�^�s�w�T	{�V���œ�p�¯�Ý�ï�Ä�ž�¢�Ä�`�o�S�X�q�z�•�x�“�™�p	ü�“�&�”�w�t�(�b�p�b�{

� 1:10 �q�M�O�‘�O�t
:�È�w���t : �›�x�^�‰�q�z�(�w
:�È�T�’�È�w
:�È�‡�p 1 �c�m�!�=�b�”
:�»�›
\
R�p�V

�‡�b�¢�s�)
:�»�£�{

2.3 R�t�S�Z�”�Ã�”�»�w	��¨

�o�°�w�‹�w	��¨

�Ê	¶ R �p�w
¯�G �!�Ë�M�O �«

�í�‹ NA NA

�æ�g�‹ logical as.logical() TRUE


T
: numeric as.numeric() 5.3

���È�» character as.character() "Tekito"

�A�¼ factor as.factor()

NA�x�`�y�`�y���w��
:�›�Á�®�=�`�o�`�‡�O�w�p�«�™�U
ž�A�p�b�¢�™	\�£�{�‡�h�z�A�¼�x�Ž�_�x���È�»�q�„�…

�‰�a�p�b�U�z�A�¼�x�Ì�¬�s�§�Â�°�æ�”�q�`�o�{�˜�•�‡�b�{�Ž�_�U
:�È�p�‹���È�»�q�`�o�{�˜�•�o�M�”�­�”�µ�U

�K�”�w�p�«�™�U
ž�A�p�b�{
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�‹�w	B�‡�“�w�Ï��

�Ê	¶ R �p�w
¯�G �!�Ë�M�O

�Õ�«�Ä�ç c c()

�æ�» matrix matrix() �‡�h�x as.matrix()

�Ã�”�»�Ñ�è�”�Ü data.frame data.frame() �‡�h�x as.data.frame()

�æ�µ�Ä list list() �‡�h�x as.list()

�Õ�«�Ä�ç �7�‹�,�Š�w�o�•�{�°�m�s�U�“�w�Ã�”�»�{�K�’�•�”�Ã�”�»�›���Š�”�U�z �‰�°�Õ�«�Ä�ç�º�p�Ÿ�s�l�h��

�Ü�w�‹�›���O�^�d�”�\�q�x�p�V�s�M �{�‰�“�X�“�Ÿ�s�l�h���Ü�w�‹�›���O�^�d�”�q�z�°
j�å�ï�«�w�ÿ�M��

�Ü�t�ù�˜�^�•�”�{�«�Q�y�z

> test <- 1:4

> test[1] + test[2] #test �w 1 
j�è�q 2 
j�è�w�A
É�›�
�`�s�^�M

[1] 3

> test2 <- c(1, 2, "Tekito", TRUE)

> test2

[1] "1" "2" "Tekito" "TRUE"

> test2[1] + test2[2] #test2 �w 1 
j�è�q 2 
j�è�w�A
É�›�
�`�s�^�M

Error in test2[1] + test2[2] : non-numeric argument to binary operator

�q�s�“�z���È�»�U�Ö�l�o�M�”	Ô�ù�x
:�È�‹���È�»�{�M�t�s�l�o�`�‡�O�{

�æ�» �Õ�«�Ä�ç�U�M�X�m�‹	B�‡�l�h�‹�w�{ numeric �Ž�Ž�x���Š�s�M�{

�Ã�”�»�Ñ�è�”�Ü �Õ�«�Ä�ç�w	B�‡�“�{ R�t�Ã�”�»�›�¡�‡�d�”�q�V�x�G�“�\�w���Ü�p�z�î�;	Í�7�‹���;�b�”�{�æ

�•�»�w�å�Õ�ç�K�”�M�x
j�ø�p�æ�•�»�›	��“	Z�d�”�{�æ
:�w�§�O�»�U���O�b�”�\�q�x�p�V�s�M�{�æ�»�p�M

�–�œ�s�Ã�”�»�›�{�Q�”�‘�O�t�`�h�‹�w�z�q�ß�Q�’�•�”�{

�æ�µ�Ä �æ
:�w�§�O�Ã�”�»�i�–�O�U�s�œ�i�–�O�U�Á�g�•�“�Š
Ú�=�`�o���Š�o�`�‡�O�¢�7	4���[�£�{�Ã�”�»�w�Õ

�^�•���Ü�U�]�j�Œ�]�j�Œ�s�‹�w�›�q�“�K�Q�c�°�m�w�¦�Ò�´�£�«�Ä�t�‡�q�Š�h�M�q�V�t���;�{

�q�“�K�Q�c�š�X�d�”�s�r�t�'�j���œ�i�Ã�”�»�x�Ã�”�»�Ñ�è�”�Ü�q�`�o�{�O�\�q�U�„�q�œ�r�p�z�\�•�U�,�Š��

�p�b�{

2.4 �Ã�”�»�Ñ�è�”�Ü�w�°
æ�¢�Õ�«�Ä�ç�£�•�w�ž�«�·�µ

�Ã�”�»�Ñ�è�”�Ü�›�M�a�”�h�Š�t�‘�X�–�O��
:�›	º�p�`�‡�b�{�s�S�z�\�•�’�w��
:�x�®�Q�”
ž�A�x�s�X�z
ž�A

�s�q�V�t�\�w�è�´�á�Ý�›�_�”�z�q�t�l�h���S�p	G
ü�p�b�{

�Ž�<�p�x�z�Ã�”�»�Ñ�è�”�Ü�w�O�j�z�›���w�»�¢	N�M�²�t���œ�p�M�”�Ã�”�»�£�t�ž�«�·�µ�b�”�M�O�›�Ô�`�‡�b�{

�Ã�”�»�Ñ�è�”�Ü�w�O�j�›���w�»�z�K�”�M�x�æ�x�Õ�«�Ä�ç�p�b�{

� $�‡�h�x [ , ] �•�Ã�”�»�Ñ�è�”�Ü�w�O�j�z�›���w�»�•�æ�›�¦���b�”�¢�q�l�o�‹�G�Ä�‚�£�{

� mean(): �»�w���É�‹
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� median() : �»�w�¤���‹

� sd() : �»�w
ª	j� �)

� sum(): �»�w�‹�w�ù�-

� min() : �»�w�7	–�‹

� max(): �»�w�7�G�‹

� length() : �»�w�Ã�”�»
:

� table() : �»�w�¤�§�Â�°�æ�”�t���‡�•�”�Ã�”�»
:�›�Ô�b�{ 2 �§�Â�°�æ�”�t�¦�Á�`�h	Ô�ù�x xtabs()

� apply() : 
¶�o�w�»�‡�h�x�æ�t	Í�G�w��
:�›�&�;�^�d�”

� tapply() : �K�”�»�t���`�z���w�»�w �§�Â�°�æ�”�]�q �t�z	Í�G�w��
:�w�-�‰�›�^�d�”

2.4.1 �Ã�”�»�Ñ�è�”�Ü�w�°
æ�w�æ�‡�h�x�»�›	��“	Z�b

> d <- read.csv("data.csv")

> head(d, 2)

> syori

Error: object "syori" not found

> d$syori # ���S�x�Ã�”�»�U
¯�Ô�^�•�”�{

> d[, 1] #syori �x 1 �»�è�s�w�p�z�\�•�p�‹�‰�a

> d[2, 1] #2 �» 1 �æ�w
æ
ü�w�‹�U	��“	Z�^�•�”�{

�Ã�”�»�Ñ�è�”�Ü�Ê�›	²�t�b�”�\�q�‹	Z�R�‡�b�{

> attach(d) #"d" �› R�t�¡�ˆ���‡�d�”�{

> syori # �\�œ�r�x�å�Õ�ç�Ê�i�Z�p�Ã�”�»�U
¯�Ô�^�•�”�{

> detach(d) #attach �›�r	†

�h�i�`�z attach() �`�o�`�‡�O�q�?�w�Ã�”�»�·�¿�Ä�U attach() �^�•�o�M�”�T�h�•�•�b�X�z�‡�h�µ�«�æ�Ó�Ä�›

�6�b�;�b�”�M�t�‹���Z�›	Ÿ�X�w�p�z�b�;�x�K�‡�“�S�b�b�Š�`�‡�d�œ�{

�K�”�å�Õ�ç�i�Z�ú�o�h�M�q�V�{

> d2 <- d[, -3] #3 �»�è�›�ú�o�s�^�M�q�M�O�Ë�©�{

> head(d2, 2) #tijou �U�s�X�s�l�o�M�”�{

�Ã�”�»�Ñ�è�”�Ü�t�z	ý�`�M�»�›�C�Q�”�{

> d$Nonphoto <- d$ne + d$miki #�ð	O�”�q���w	O�”�w�ù�-�‹�›�z Nonphoto �q�M�O�å�Õ�ç�p d �t
Ç�)�{

> head(d, 2) #Nonphoto �q�M�O	ý�`�M�»�U�p�V�o�M�”�{

2.4.2 �f�w���w��
:

�K�”�»�w���É�‹�{

> mean(d$tijou)

�K�”�»�w�¤���‹�{

> median(d$tijou)
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�K�”�»�w
ª	j� �)�{

> sd(d$tijou)

�K�”�»�w�‹�w�ù�-�‹�{

> sum(d$tijou)

�K�”�»�w�7	–�‹�{

> min(d$tijou)

�K�”�»�w�7�G�‹�{

> max(d$tijou)

�K�”�»�w�Ã�”�»
:�{

> length(d$tijou)

�K�”�»�w�§�Â�°�æ�”�t���‡�•�”�Ã�”�»
:�{

> table(d$syori)

> xtabs(~ syori + ID, d) #2 �§�Â�°�æ�”�t�¦�Á

�æ�‡�h�x�»�]�q�t��
:�›�&�;�^�d�”

#apply( �0	Å�w�Ã�”�»�Ñ�è�”�Ü , �¤�æ�s�’ 1�z�¤�»�s�’ 2, ��
: )

> apply(d[, -(1:3)], 2, max) # �¤�»�w�7�G�‹

�§�Â�°�æ�”�Ã�”�»�]�q�t���É�‹�•�Ã�”�»
:�U�_�h�M	Ô�ù�{

> tapply(d$tijou, d$syori, mean) #syori �]�q�w tijou �w���É�‹

> tapply(d$tijou, d$syori, length) #syori �]�q�w tijou �w�Ã�”�»
:

2.5 �Ã�”�»�Ñ�è�”�Ü
¶�.�•�w�ž�«�·�µ

�Ž�<�p�x�z�Ã�”�»�Ñ�è�”�Ü�‰�œ�z�K�”�M�x�Ã�”�»�Ñ�è�”�Ü
¶�.�t�&�;�p�V�”��
:�›	º�p�`�‡�b�{

� head() : �Ã�”�»�Ñ�è�”�Ü�w
Œ�„
:�æ�›
¯�Ô

� subset() : 	Ú�E�t	H�O�Ã�”�»�Ñ�è�”�Ü�w�ˆ�›
¬�•

� split() : �M�X�m�T�w�§�Â�°�æ�”�t�Ã�”�»�Ñ�è�”�Ü�›
ü�Â

� cbind() : 2 �m�w�Ã�”�»�Ñ�è�”�Ü�›�z�#�M�²�p�A�ù

� rbind() : 2 �m�w�Ã�”�»�Ñ�è�”�Ü�›�z	N�M�²�p�A�ù

� summary(): �Ã�”�»�Ñ�è�”�Ü�w�¤�»�w�z�,
Å�w�-�”�›
¯�Ô

� cor() : �Ã�”�»�Ñ�è�”�Ü�w�»���w
ì����
:�›
¯�Ô�b�”�{�Ã�Ñ�¥�ç�Ä�p�x pearson�w
u�p
ì����
:�i�U�z

�¾
:�t kendall �• spearman�›	��”�\�q�p�z�\�•�’�w	q�•
ì����
:�p�‹	Z�d�”�{

� merge() : 2 �m�w�Ã�”�»�Ñ�è�”�Ü�›�z�†�Ã�”�»�Ñ�è�”�Ü�t�ž�è�s�»�t�ù�˜�d�”���p�z�#�M�²�p�A�ù

� rownames(): �Ã�”�»�Ñ�è�”�Ü�w�æ�Ê�›�_�”�{�»�Ê�x colnames() �{

�Ã�”�»�Ñ�è�”�Ü�w�7	s�i�Z�_�”�{

> d <- read.csv("data.csv")
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> head(d,2) #"d" �w	Í�T�’ 2 �æ
ü�¢�å�Õ�ç	†�X�£�U
¯�Ô�^�•�”�{

�K�”	Ú�E�t	H�O�Ã�”�»�i�Z�_�”�q�V�¢ tijou �U 3.0 �‘�“�G�V�M�Ã�”�»�i�Z�£�{

> head(d, 10) # 
¶�Ã�”�»�w�O�j�z	Í�T�’ 10 �æ
ü�w�ˆ�U
¯�Ô�^�•�”�{

> d2 <- subset(d, tijou>3.0)

> head(d2, 10) #tijou �›�_�”�q�z 3.0 �‘�“�G�V�M�‹�`�T�s�M�{

#	Ú�E�U�Ë�m�K�”	Ô�ù�x &�p�A�ù

> d2 <- subset(d, tijou>=3.0&tijou<5.0) #& �›�–�O�q	Ú�E�›�m�s�[�’�•�”

#�§�Â�°�æ�”�w	Ô�ù�‹�‰�7�t�¢ syori �U futsuu �w�Ã�”�»�w�ˆ�£

> d2 <- subset(d, syori=="futsuu")

> d2 #futsuu �w�Ã�”�»�`�T�Ö�l�o�M�s�M

#futsuu �i�Z�›	†�X

> d2 <- subset(d, syori!="futsuu")

> d2 #futsuu �i�Z�U
H�Z�o�M�”

�K�”�§�Â�°�æ�”�]�q�t�Ã�”�»�Ñ�è�”�Ü�›
ü�Â

> d3 <- split(d, d$syori)

> d3 #d3�t syori �]�q�w�Ã�”�»�Ñ�è�”�Ü�U�Ö�l�o�M�”

> d3[[1]] #1 �§�Â�°�æ�”�è�w�Ã�”�»�w�ˆ�U	��“	Z�d�”

> d3$futsuu # �\�•�p�‹�‰�a�{�§�Â�°�æ�”�Ê�›�–�;

2 �m�w�Ã�”�»�Ñ�è�”�Ü�w�A�ù�¢�#�M�²�£

> d3$futsuu #futsuu �i�Z�w�Ã�”�»�Ñ�è�”�Ü

> d4 <- cbind(d3$futsuu, d3$futsuu)

2 �m�w�Ã�”�»�Ñ�è�”�Ü�w�A�ù�¢	N�M�²�£

> d3$futsuu #futsuu �i�Z�w�Ã�”�»�Ñ�è�”�Ü

> d3$zeitaku #zeitaku �i�Z�w�Ã�”�»�Ñ�è�”�Ü

> d5 <- rbind(d3$futsuu, d3$zeitaku)

�¤�»�w�,
Å�$�s�w�-�”�w
¯�Ô�{

> summary(d)

�»���w
ì����
:�w�‰	Z�{

> d0 <- d[ , -c(1:3)]

> cor(d0) #pearson �w
u�p
ì����
:

> cor(d0, method="kendall") #kendall �w	q�•
ì����
:�w	Ô�ù

> colnames(d) # �»�Ê�U
¯�Ô�^�•�”

> month.name[1:10] #R �p�;�™�^�•�o�M�”���È�»

> colnames(d) <- month.name[1:10] # �»�Ê�›�!�Q�”�\�q�‹�p�V�”
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�j�s�ˆ�t�z�\�\�p�•�[�h�b�‚�o�w�¯�Ú�ï�Å�t���`�o�x�z R�t�¡�ˆ���‡�•�h d �q�M�O�¦�Ò�´�£�«�Ä�›
â�^�`�o�M

�”�i�Z�s�w�p�z�i�w�Ñ�•� �ç data.csv �x�°
~�~�!�^�•�o�M�‡�d�œ�{�æ

�›�ª�•�c�M�–�M�–�¼�`�o�_�o�<�^�M�{

�o�t�z R �p�M�a�l�h�¦�Ò�´�£�«�Ä�› csv �Ñ�•� �ç�q�`�o	Z�—�`�h�M�q�V�x�z write.csv() �›�–�M�‡�b�{�«

�Q�y d �q�M�O�¦�Ò�´�£�«�Ä�› csv �Ñ�•� �ç�q�`�o	Z�—�`�h�Z�•�y�z

> write.csv(d, file=" �m�Z�h�M�Ñ�•� �ç�Ê .csv")

�q�b�”�q�z�×�”�Ü�Ã�Ÿ�è�«�Ä�æ�t csv �Ñ�•� �ç�U�p�V�‡�b�{

2.5.1 NA�¢�=���‹�£�w�{�M�M

�í�]�¢�=���‹�£�w�\�q�›�z R �p�x NA �q
¯�G�`�‡�b�{�\�M�m�U	—�‘�Â	��p�b�{ NA �›���‰�Ã�”�»�Ñ�è�”�Ü

�¢�K�”�M�x�Õ�«�Ä�ç�£�t	Í�G�w��
:�›�&�;�`�o�‹�z �„�q�œ�r�x NA �U�&�l�o�V�‡�b �¢�m�‡�“�î�æ�p�V�s�M�‚�£�{

NA �t�&�;�p�V�”��
:�q�`�o�x�z�Ž�<�w�‹�w�U�K�“�‡�b�{

� na.omit() : NA �›���‰�æ�›�_	†�b�”�{

� is.na() : NA �p�K�•�y TRUE �z�f�O�p�s�Z�•�y FALSE �›�&�b�{

� ifelse() : NA �;�w��
:�p�x�s�M�U�z NA �›	r�g�b�”�w�t�–�Q�”	Ú�E
ü�0��
:�{

> d2 <- read.csv("data0.csv")

> summary(d2) #surv �w�»�t�x NA�U 2 �m�K�”�\�q�U�˜�T�”

> d2$surv <- ifelse(is.na(d2$surv), 0, d2$surv)

#ifelse( 	Ú�E , TRUE�w	Ô�ù�w�æ�ˆ , FALSE�w	Ô�ù�w�æ�ˆ�£�{���s�x NA�› 0 �t�”�õ�{

> summary(d2) #NA�U�s�X�s�l�o�M�”

�\�w�„�T�t�‹�z R�t�x�7�‘�s�Ã�”�»
â�^�;��
:�U�;�™�^�•�o�M�‡�b�{
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3 �^
$

�q�“�K�Q�c �Ã�”�»�r
s�t�S�M�o�7�‹	O�A�q�M�l�o�‹�M�M�w�U�^
$ �p�b�{�Ã�”�»�U�?�›� �l�o�M�”�w�T�•�›�^


$�›�è�`�o�ú�r�`�‡�`�•�O�{�^
$�›�&�s�M�p�æ�l�h�w�-�r
s�x�z�`�y�`�y�æ

�z�u�T�*�|�w�i�t�s�“�‡�b�{

R�p�w�¬�å�Ñ�w�^�“�M�x�z �ô
+	j�^
$ ! �ÿ
+	j�^
$ �q�M�O	q
j�t�æ�M�‡�b�{

3.1 �ô
+	j�^
$

�ô
+	j�^
$�x�z �¬�å�Ñ�w	��¨�›�>���b�” �^
$�p�b�{�¬�å�Ñ�w	��¨�q�`�o�x�z

� �„
Í
$

� �Î�µ�Ä�¬�å�Ü

� 
6�{�[
$

� �0�„
Í
$

� �n�¬�å�Ñ

� ���¬�å�Ñ

�s�r�U�K�“�‡�b�{
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�Î�µ�Ä�¬�å�Ü hist()� �

> hist(d$omosa) #omosa �w�Î�µ�Ä�¬�å�Ü
� �

Histogram of d$omosa

d$omosa

Fr
eq

ue
nc

y

1 2 3 4 5 6

0
10

20
30

40
50


$ 1 �Î�µ�Ä�¬�å�Ü


6�{�[
$ boxplot()� �

> boxplot(omosa ~ syori, d) #syori �]�q�w omosa

�°
æ�«�Ž�›	†�V R�p�x (y �à�w�‹ ~ x �à�w�‹ , �Ã�”�»�Ñ�è�”�Ü

\index{ �p�”�h�~�•�”�‰ @�Ã�”�»�Ñ�è�”�Ü } �Ê) �q�M�O	{�V�M

�›�`�‡�b�{�®�Q�o�S�M�o�<�^�M�{
� �

futsuu ijime zeitaku

1
2

3
4

5
6


$ 2 
6�{�[
$



R 	s	ú	��¸�Û 2009in 	ÿ�›
ï�ù�Z�€	t 12

�„
Í
$ plot()� �

> plot(ha ~ omosa, d)

#�§�Â�°�æ�”�]�q�t�³�ï�Ø�ç�›�!�Q�o
³�h�`�h�M	Ô�ù�z

> plot(ha ~ omosa, pch=as.numeric(syori)-1, d)

#�^�’�t	í�‡�p�!�Q�j�Œ�S�O

> plot(ha ~ omosa, pch=as.numeric(syori)-1,

+ col=as.numeric(syori), d)

#�§�Â�°�æ�”�]�q�t� �q�`�o
$�›
³�V�h�M�s�’

> library(lattice)

> xyplot(miki ~ omosa | syori, d)
� �

1 2 3 4 5 6

0.
5

1.
0

1.
5

2.
0

2.
5

omosa

ha


$ 3 �„
Í
$

omosa

m
ik

i

0.5

1.0

1.5

1 2 3 4 5 6

futsuu ijime

0.5

1.0

1.5

zeitaku


$ 4 �„
Í
$�¢�§�Â�°�æ�”���£
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�0�„
Í
$ pairs()� �

> pairs(d)

#�„
Í
$�q�‰�7�z�§�Â�°�æ�”�]�q�w
³�h�‹�p�V�”

> pairs(d, pch=as.numeric(d$syori)-1, col=as.numeric(d$syori))
� �

syori

0 15 30 1 3 5 0.5 2.0 0.5 2.0 0.0 0.6

1.
0

2.
5

0
15

30

FL

ID

5
15

1
3

5

omosa

tijou

0.
5

2.
5

0.
5

2.
0

ne

miki
0.

4
1.

2

0.
5

2.
0

ha

light

0.
00

0.
20

1.0 2.5

0.
0

0.
6

5 15 0.5 2.5 0.4 1.2 0.00 0.20

surv


$ 5 �0�„
Í
$
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�n�¬�å�Ñ barplot()� �

> barplot(tapply(d$tijou, d$syori, mean))
� �

futsuu ijime zeitaku

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5


$ 6 �n�¬�å�Ñ

���¬�å�Ñ pie()� �

> pie(table(d$syori))
� �

futsuu

ijime

zeitaku


$ 7 ���¬�å�Ñ

�Î�µ�Ä�¬�å�Ü�x�K�”�°�m�w�Ã�”�»�w
ü
Í�›�_�”�q�V�z�„
Í
$�x 2 �m�w�!�”���w�����›�_�”�q�V�¢�¦�Á
[�U�0

�„
Í
$�£�z�§�Â�°�æ�”���p�w�)�›�_�”�q�V�x
6�{�[
$�U�,�Š�p�b�{�‡�c�Ã�”�»�›	��l�h�’�z�\�•�’�w�M�c�•�T

�w���Ü�p�Ã�”�»�w���²�›�_�”���›�m�Z�‡�`�•�O�{�n�¬�å�Ñ�•���¬�å�Ñ�x�z	Ý�¯�t� �a�o�–�l�o�X�i�^�M�{

�ô
+	j�^
$�p	‰	��t	Z�—�^�•�”�»� �Ä�ç�•���È�z�è
]
ï�s�r�U�¥�M�è�“�t�M�T�s�M�\�q�x�‘�X�K�“�‡�b�{�f

�w�‘�O�s�Ì�z�Ž�<�w�ÿ
+	j�^
$�U�þ�t�q�j�‡�b�{

3.2 �ÿ
+	j�^
$

�ÿ
+	j�^
$�x�z	Í�G�w�‘�O�t �p�V�o�M�”�¬�å�Ñ�w	æ�“
Ç�Z�›�b�” �^
$�p�b�{�é�.�$�t�x�z
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� �»� �Ä�ç�•�å�Õ�ç

� �à�w�‹�w
ï�•�è
]

� 
³�X�³�ï�Ø�ç�w���•	í

� �s�<�Ú
¢

� �Œ�«

� �Ñ�¥�ï�Ä�w�G�V�^

�s�r�w�Ð
T�U�p�V�‡�b�{

3.2.1 �ô
+	j�^
$�w�¤�p�î�æ�b�”�ÿ
+	j�^
$

�»� �Ä�ç�•�å�Õ�ç �z �à�w�‹�w
ï�•�è
] �z 
³�X�³�ï�Ø�ç�w���•	í �z�x�ô
+	j�^
$�w�Ë�©�w�¤�p�î�æ�b�”
ž�A�U

�K�“�‡�b�{

�„
Í
$�¤�t�S�Z�”�Ë�©�w�«�›�Ô�`�‡�b�{�„�q�œ�r�x���w�ô
+	j�^
$�p�‹� �;�p�V�‡�b�{

�»� �Ä�ç�~�à�å�Õ�ç� �

> plot(..., main=" �»� �Ä�ç�t�`�h�M���È ", xlab="x �à�w�å�Õ�ç ", ylab="y �à�w�å�Õ�ç ", ...)

�î�M�«�x�z

> plot(miki ~ omosa, main="Test", xlab="Total mass (g)",

+ ylab="Stem mass (g)", d)

main �U�»� �Ä�ç�z xlab �U x �à�z ylab �U y �à�w�å�Õ�ç�p�K�“�z�f�•�g�• "" �w�¤�t���È�›�Ö�—�b�”�{
� �
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�à�w�‹�w
c�“�~�è
]� �

> plot(..., xlim=c(x �à�w�7	–�‹ , x �à�w�7�G�‹ ), ylim=c(y �à�w�7	–�‹ , y �à�w�7�G�‹ ), ...)

�î�M�«�x�z

> plot(miki ~ omosa, xlim=c(0, 7), ylim=c(0, 2), d)

xlim �z ylim �p�f�•�g�• x �à�z y �à�w�‹�w�7�G�‹�q�7	–�‹�›�Ð
T�`�‡�b�{�‡�h�z�\�•�i�Z�p�x�^�V�
�’�c�z

�×
ü�w�·�V�s�q�\�–�t�è
]�›�'�j�h�M	Ô�ù�z

> plot(..., xaxt="n", yaxt="n", ...) #xaxt �z yaxt="n" �p x �à�z y �à�w�è
]�›
³�T�s�M

> axis(1, at=c( �×
ü�p�'�j�h�M�è
]�w�‹ )) #x �à�w
³�h

> axis(2, at=c( �×
ü�p�'�j�h�M�è
]�w�‹ )) #y �à�w
³�h

�î�M�«�x�z

> plot(miki ~ omosa, xlim=c(0, 7), ylim=c(0, 2), xaxt="n", yaxt="n", d)

> axis(1, at=c(0, 2, 4, 6))

> axis(2, at=c(0, 1, 2))

�p�z�×
ü�w�·�V�s�q�\�–�t�è
]�›�'�j�‡�b�{ axis( �w�Ú�™�w
:�È�x�z 1 �U
$�w�<�¢�m�‡�“ x �à�£�z 2 �U
$�w

�(�¢�m�‡�“ y �à�£�t�à�›
³�X�\�q�›�™�¯�`�‡�b�{�j�s�ˆ�t 3 �p
$�w	Í�z 4 �p
$�w�È�t�à�›
³�X�\�q�‹�p�V

�‡�b�{
� �

�³�ï�Ø�ç�w���~	í� �

> plot(x,y, pch=*) #pch=* �w�q�\�–�w
:�È�›�!�Q�”�q�z�M�–�M�–�s�³�ï�Ø�ç�U	Z�o�X�”

> plot(x,y, col=*) #col=* �w�q�\�–�t
:�È�•	í�w�Ê
²�¢ "black" �z "blue" �s�r�£�›�Ö�•�”�q�z	í�U

�!�˜�”

�j�s�ˆ�t�z Hmisc �Í�¿�­�”�´�›�¼�¢�ï�é�”�Å�`�o�S�M�o�z

> library(Hmisc)

> show.pch() # �–�Q�”�G�ø�q
:�‹�w�0� 
¯�U�z

> colors() # �–�Q�”	í�w�°�a�U�z

> show.col() # 
:�È�p�¦���p�V�”	í�q
:�È�w�0� 
¯�U
¯�Ô�^�•�‡�b�{

�î�M�«�x�z

> plot(miki ~ omosa, pch=1, d)

> plot(miki ~ omosa, col="red", d)
� �

3.2.2 �ÿ
+	j�^
$�o� �p�î�æ

�°�M �s�<�Ú
¢ �z �Œ�«�z �Ñ�¥�ï�Ä�w�G�V�^�›	��Ñ�¥�ï�Ä �x� �q�`�h�ÿ
+	j�^
$�p
³�X
ž�A�U�K�“�‡�b�{
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�s�<�Ú
¢� �

�\�\�x�M�V�s�“�î�«�p�æ�V�‡�b�{

> plot(ha ~ omosa, d) # �®�?	O - �x�.	O�¯�w����

> test <- lm(ha ~ omosa, d) # �s�<�Ú
¢�w
~�"�q���V�›�Ð�‚�”

> co <- test$coefficients # 
~�"�q���V�› co �t
Ç�)

> curve(co[1] + co[2] * x, add=TRUE,

+ from=min(d$omosa), to=max(d$omosa)) # �s�<�Ú
¢�›
³�h

curve() �x 
¢ �› 
³ �X �Ë �© �p �z x �à �w �‹ �q �` �o x �q �M �O �� �È �› �Ö �• �” �\ �q �U �> �‡ �l �o �M �‡ �b �{

co[1] + co[2] * x �x�'���‹�f�w�‹�w�p�b�v�{ add=TRUE�q�M�O�w�x�z
²�w
$�t	O�v�o
¢�›�¾�X�q

�M�O�\�q�›
•�t�b�”�‹�w�p�b�{�p�z x �w�‹�w
c�“�› from �q to �p�>�Š�o�M�”�˜�Z�p�b�{
� �

�Œ�«�w	{�V�M� �

> legend(" 	Ô	t�›�¦�� " �‡�h�x x �q y �w�2
ª , �Œ�«�t
³�V�h�M���È�•�³�ï�Ø�ç )

�î�M�«�x�z

> plot(miki ~ omosa, d)

> legend("topleft", pch=1, col="black", "Stem mass (g)")

#	Ô	t�w�¦���M�O : "top", "topleft", "bottomright" �s�r

#x �q y �2
ª�p�¦���b�”�s�’

> legend(0.6, 1.8, pch=1, col="black", "Stem mass (g)")
� �

�Ñ�¥�ï�Ä�w�G�V�^� �

> par(ps=**)

# ** �w
:�È�›�!�Q�•�y�‘�M�{�s�S�z�\�•�x�^
$
²�t�æ�O�{
� �

�å�Õ�ç�p�›	��~	æ�“���È� �

#�È�.�w�!�Ë�¢�«�Q�y� �»�æ�¿�«�£

> expression(italic(" �\�\�t�ü�.�t�`�h�M���È "))

#
:�Ü�w�G	\�{

> expression(paste(mu,"mol ",m^-2,s^-1))

> expression(paste(CO[2]," concentration (%)"))

�q 	{ �Z �y �z�f �• �g �• � mol m� 2s� 1�z CO2 concentration (%) �q 
¯ �Ô �^ �• �‡ �b �{�î �M �t �x

xlab=expression(... �q�M�l�h���p�–�M�‡�b�{�G	\
æ
ü�p " " �p�“�‡�•�h
æ
ü�U�è	×�w���È�»
æ
ü�z�“

�‡�•�o�M�s�M
æ
ü�U 
:�Ü	r�g�›�`�o�M�”
æ
ü �p�b�{ paste �x�\�•�’�›�A�ù�b�”�™�¯�›�Ë�j�‡�b�{
� �

3.2.3 
$�w�-���w�“�M

� Windows: �p�V�h
$�x�z
$�w	Í�p�È�«�æ�¿�«�`�z �Ï�¿�Ä�Ú�¿�Ó�t�¯�Ð�” �›
¬�|�z�¯�Ð�”�`�‡�b�{�f�`

�o�z�Ö� �ï�Ä�s�r�t�7�“
Ç�Z�o�z�Ñ�•� �ç�q�`�o�-���`�‡�b�{
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� Windows: �‰�a�A�–�p�z �Ý�»�Ñ�•� �ç�t�¯�Ð�” �q�M�O�‹�w�U�K�“�‡�b�{�\�•�›�î�æ�`�z Word �s�r�›�q

�j	Í�[�”�q�z
$�›�7�“
Ç�Z�”�\�q�U�p�V�‡�b�{�Ý�»�Ñ�•� �ç�x�K�‡�“�°
`�$�s���Ü�p�x�K�“�‡�d�œ�U�z

�¦�G	V	–�t
P�O�H�•�U�s�M�w�U�›�Ã�p�b�¢
$�q�`�o�-���`�o�‹�T�‡�M�‡�d�œ�£�{

� �f�w���¢ Windows �p�‹�D�£ : �q�“�K�Q�c�^
$�`�‡�b�{�f�`�o�z

> dev.copy( �Ñ�•� �ç���Ü , file=" �·�V�s�Ñ�•� �ç�É�”�Ü . �Ñ�•� �ç���Ü ")

> dev.off() # 	Í�w�¯�Ú�ï�Å�w�™�b�Y�t�æ�O�\�q�‚

�q�b�”�\�q�p�z�^�À�Ã�Ÿ�è�«�Ä�æ�t
$�U�p�V�o�M�‡�b�{�Ñ�•� �ç�w���Ü�q�`�o�x�z png�z gif�z jpg�z pdf�z

eps �s�r�M�–�M�–�s�‹�w�U�–�Q�‡�b�{
Z�;
Q�w�ô�^�›�ß�Q�”�q�z�q�“�K�Q�c pdf �t�`�o�S�X�q�‘�M�p

�`�•�O�{

3.3 �È��
$

�‘�X�z

1. x �à�x
¶
æ�‰�a�i�Z�r�z y �à�i�Z�U�Ÿ�s�”
$�U
ó
:���“�z�f�•�›�V�•�M�t���‚�o
¯�Ô�`�h�M

2. x �à�‹ y �à�‹�‰�a�i�Z�r�z�¢�?�p�‹�M�M�œ�p�b�Z�r�£�å�S�q�T	��q�T�U�§�O
ó
:�w
$�›	{�V�h�M

�q�M�O�­�”�µ�U�K�”�q�¥�M�‡�b�{�š�X�d�”�p�‹�$�Á�•�y�p�V�‡�b�{�p�b�U�z�š�X�d�”�p�^�À�`�h�\�q�U�K�”
�

�x
ü�T�”�q�¥�M�‡�b�U�z 2 �m�Ž	Í�w
$�›�V�•�M�t���‚�”�h�Š�t�x�z�Ú�¢�µ�p
•�»�s�G�V�^�›�K�˜�d�s�Z�•�y�s

�’�s�M�w�p�z�q�o�‹�Ì���U�T�T�“�‡�b�{�•�l�o�’�•�‡�d�œ�{ R�s�’�z�Ñ�¥�”�Ú�¿�Ä�›
T�Q�h
$�›�^�”�w�‹���o

�p�b�{
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$ 8 �x���w�„
Í
$

3.3.1 
$�w
:�q�è� �ž�¢�Ä

�‡�c�z
$�›	N�t�?�x�z�#�t�?�x�¢�? � �?�£�p
��”�b�”�T�›�>�Š�‡�`�•�O�{ mfrow=c( , ) �›�–�M�‡�b�{�î

�M�t�–�O�q�V�x�z

> par(mfrow=c( 	N�t���‚�”
$�w
: , �#�t���‚�”
$�w
: ))
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$ 9 �x���w�„
Í
$ 2

�q�M�O�‘�O�t�`�‡�b�{

3.3.2 
$�w���w���´�w�Ð
T


ó
:
$�›�^�”	Ô�ù�z
$�w���w���´�›�Ð
T�b�”
ž�A�U�K�“�‡�b�{

1. x �à�x
¶
æ�‰�a�i�Z�r�z y �à�i�Z�U�Ÿ�s�”
$�U
ó
:���“�z�f�•�›�V�•�M�t���‚�o
¯�Ô�`�h�M ! 	N�M�²

�x�:���s�`�z�#�M�²�x�å�Õ�ç�U�Ö�”�‘�O�t	—�`�K�Z�”

2. x �à�‹ y �à�‹�‰�a�i�Z�r�z�å�S�q�T	��q�T�U�§�O
ó
:�w
$�›	{�V�h�M ! 	N�M�²�‹�#�M�²�‹�:���s�`

�¢�:���›�Ö�•�”�\�q�‹�p�V�‡�b�U�£�{


$�w���w���´�›�Ð
T�b�”�t�x�z par(mar=c( , , , )) �›�–�M�‡�b�{ mar() �t�x�z�(�T�’	q�t�z
$�w�<�z�(�z

	Í�z�È�t�z�r�•�„�r�w�:���›�q�”�T
ƒ���`�‡�b�{

3.3.3 
ó
:�w
$�t�0�b�”�å�Õ�ç

�^�’�t�z
ó
:�w
$�›
³�M�h	Ô�ù�z x �à�• y �à�w�å�Õ�ç�›�z�f�•�g�•�w
$�t�m�Z�”�w�p�x�s�X�z
ó
:�w
$
¶�.

�t�0�`�o�å�Õ�ç�›�m�Z�h�M�\�q�U�K�”�q�¥�M�‡�b�{�\�w�h�Š�t�x�z

� 
ó
:�w
$�w�Ž�t�z x �à�q y �à�w�å�Õ�ç�;�w�µ�Ö�”�µ�›�^�”�{

� 
ó
:�w
$�w x �à�q y �à�›
³�X�{

�q�M�O�‘�O�t�`�‡�b�{�s�e�\�œ�s�\�q�›�b�”
ž�A�U�K�”�T�q�M�O�q�z�«�Q�y�z
³�X
$�w
:�U 2 �m�w	Ô�ù�z�¤
$

�w x �à�t�å�Õ�ç�›
ƒ���b�”�q�z
ó
:�w
$�w
��œ�¤�t�å�Õ�ç�›
³�X�\�q�U�p�V�‡�d�œ�{

�‡�c�z
ó
:�w
$
¶�.�t���`�o�z
$�w�Ž�w�(
(�›
ƒ���`�‡�b�{�\�•�t�x�z oma() �›�–�M�‡�b�{ mar() �q�w�§

�M�x�z

� mar() : �¤
$�t���`�o�z
$�w�Ž�w�(
(�›
ƒ���b�”�{

� oma(): 
ó
:�w
$���t���`�o �z
$���w�Ž�w�(
(�›
ƒ���b�”�{

�q�M�O�\�q�p�b�{
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�Í�t�z
ó
:�w
$�›
³�M�h�™�p�z x �à�q y �à�›
³�V�‡�b�{

> mtext(1, line=4, outer=T, text="x �à�w�å�Õ�ç ")

> mtext(2, line=4, outer=T, text="y �à�w�å�Õ�ç ")

mtext() �w�7	s�w
:�È�x 1 �U
$�w�<�¢ x �à�£�z 2 �U
$�w�(�¢ y �à�£�t�å�Õ�ç�›
³�X�\�q�›�z line �w
:�È�x�z
$

�T�’�r�•�i�Z�å�Õ�ç�›�m�`�o
³�X�T�z outer �x�z
$�w�Ž�t�å�Õ�ç�›
³�X�\�q�›�Ý�Š�”�T�¢ T �x TRUE �£�›�Ô

�`�o�M�‡�b�{

3.3.4 �f�w��


ó
:�w
$�›���‚�”�q�V�t�z x �à�• y �à�w�O�j�z
$�t�ž�è�s
æ
ü�x�z�à�w�‹�w���´�‹�f�–�Q�”�w�U�°
`�$�p�b�{

xlim=c( , ) �• ylim=c( , ) �›�–�l�o�f�–�Q�o�S�V�‡�`�•�O�{

3.3.5 y�à�w�!
:�i�Z�U
$���p�Ÿ�s�”
ó
:�w
$


¶�Ã�”�»�t���`�z�x�.	O�t�0�`�o�(�T�’�?	O�z�ð	O�z��	O�w�����w
$�›
³�M�o�_�‡�`�•�O�{

> d <- read.csv("data.csv")

> par(mfrow=c(1, 3))

> par(mar=c(0, 5, 0, 0), oma=c(5, 0, 1, 1), ps=20)

> summary(d) #�‹�w
c�“�›�>�Š�”�h�Š

> plot(ha ~ omosa, xlim=c(0, 8), xlab="", ylab="Needle mass (g)", d)

> plot(miki ~ omosa, xlim=c(0, 8), xlab="", ylab="Stem mass (g)", d)

> plot(ne ~ omosa, xlim=c(0, 8), xlab="", ylab="Root mass (g)", d)

> mtext(1, line=3, outer=T, text="Total mass (g)", cex=0.6)

�j�s�ˆ�t�z mtext �x
ƒ���`�o�K�”�Ñ�¥�ï�Ä�±� �¶�‘�“�‹�G�V�Š�t�s�l�o�M�”�w�p�z cex=0.6 �b�”�\�q�p�±� �¶

�›�K�˜�d�o�M�‡�b�¢ cex �x�¦�G�p�›�¦���b�”�£�{�{

3.3.6 x�à�‹ y �à�‹�‰�a�!
:�p�K�”
ó
:�w
$

syori �]�q�t�z�®�x�.	O { ��	O�¯�›
³�M�o�ˆ�‡�b�{

> d <- read.csv("data.csv")

> test <- split(d, d$syori)

> par(mfrow=c(1, 3), mar=c(0, 0, 0, 0), oma=c(6, 6, 1, 1), ps=20)

> summary(d) #�‹�w
c�“�›�>�Š�”�h�Š

> for (i in 1:3) {

+ plot(ne ~ omosa, xlim=c(0, 8), ylim=c(0, 3),

+ xlab="", ylab="", yaxt="n", test[[i]])

+ if (i == 1) { axis(2, at=0:3) }

+ else { axis(2, at=0:3, label=FALSE) }

+ legend("topleft", legend=unique(test[[i]]$syori), bty="n")

+ }
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> mtext(1, line=3, outer=T, text="Total mass (g)", cex=0.6)

> mtext(2, line=4, outer=T, text="Root mass (g)", cex=0.6)
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4 R�p�w�-�r
s

4.1 �Ã�”�»�r
s�q�w�-�$�Þ�Ã�æ�ï�¬

�f�‘�x�s�e�Ã�”�»�r
s�›�b�”�w�p�`�•�O�T�•�f�•�x�z�×
ü�q��
��t�q	Å�›�˜�T�“�•�b�X�b�”�h�Š�p�b�{�h�q

�Q�y	ÿ�›�›�_�o�z�®�\�\�p�x�\�œ�s�\�q�U�I�V�o�M�f�O�i�¯�q�ò�a�o�‹�z�t�?�i�Z�p�f�•�›
†�Ì�b�”�w�x�É�`

�M�p�b�`�z�‡�`�o�•
ì	��›�ò�˜�^�d�”�w�x
Æ�D�ó�p�`�•�O�{�f�\�p�f�‘�U�‘�X�æ�O�w�x�z�q	Å�›�l�

Q�U�ô�M

�®
:�‹�¯�p	��“	Z�`�z�f�w
:�‹�w�t�›�C�»�`�o�Ô�b�\�q�p�b�{�\�w�h�Š�z�w�-�r
s�x�Z�€�w	O�A�s
æ
ü�›
Ž�Š

�o�M�”�q�M�Q�‡�b�{

�w�-�r
s�q�°�±�t�t�l�o�‹�z�^�‡�_�‡�s	��¨�w�‹�w�U�K�“�‡�b�{�Î�µ�Ä�¬�å�Ü�s�r�x�G	\�w�-�q�z�y�•�”�‹

�w�p�z�\�w�‘�O�s
:�‹�w	B�ÿ�‹�q	Å�›�r	
�b�”	Í�p���;�p�b�{�°�M�z���s�{�O�w�x�w�-�$�Þ�Ã�æ�ï�¬�q�M�O�M

�O�p�b�{�K�”�q	Å�›���o�t
†�Ì�p�V�”�Þ�Ã�ç�›�Ï�™�b�”�\�q�p�z�_�o�M�”�q	Å�w�¼�L�����•�z���”�$�s�����›

�Ì�’�T�t�b�”�\�q�U�p�V�‡�b�{

4.1.1 �Š�Ô�w�J�P

�w�-�$�Þ�Ã�æ�ï�¬�›
†�Ì�b�”�h�Š�t�z���s�x�®	è
ú	� A �w
\�’�t�F
ü	r�g�q�«���¥�U�è�¹�`�o�M�”�T�•� �̄q

�M�O�ð�J�›�U�|�`�‡�b�{�F
ü	r�g�x 3 	r�g�¢ futsuu �z ijime �z zeitaku �£�z�«���¥�x
ì�0	°�S�w�È���‹�p�b�{

> d <- read.csv("surv.csv")

> head(d, 2) # �Ã�”�»�w	Í * �æ�›�„	Z�`�`�‡�b

> plot(Surv ~ Light, col=as.numeric(Nutrient), d)
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4.1.2 �w�-�Þ�Ã�ç�w
æ
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�w�-�$�Þ�Ã�æ�ï�¬�x�z �>���æ�$�Þ�Ã�ç�¢ Deterministic model �£�q �¬�p�æ�$�Þ�Ã�ç�¢ Stochastic model �£
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n
r

�
pr (1 � p)(n � r )

= n Cr pr (1 � p)(n � r )

�«�Q�y 3 �s�¯� �ï�Ä�µ�›�`�o 2 �s
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$�¯�”�Å� �

> Lbinom <- function(p, r, n) {choose(n, r) * p^r * (1 - p)^(n - r)}

> pr <- 5:95/100

#3 �s�¯� �ï�Ä�µ�`�o 2 �s
¯�U	Z�h	Ô�ù

> plot(Lbinom(pr, 2, 3) ~ pr, xlab="Parameter", ylab="Likelihood", type="l")

> abline(v = 2/3, lwd=2)
� �

�\�w
$�T�’�˜�T�”�‘�O�t�z p = 2=3 �U�ì�S�›�7�‹�G�V�X�b�”�‹�w�‘�O�p�b�v�{�p�x�z 3 �s�¯� �ï�Ä�µ�`�o 2 �s
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L(pjr ) = 3C2p2(1 � p)(3 � 2)

= 3 � p2(1 � p)

�\�w�ì�S�›
•
ü�b�”�q�z

L(pjr )0 = 6p � 9p2 = 0

= p(6 � 9p) = 0

= p = 2=3 or 0
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�s�e�T�q�M�O�q�z�–�O�w�x�ì�S�p�‹�0
:�ì�S�p�‹�r�j�’�p�‹�M�M�w�p�b�U�z�-�‰�x�0
:�ì�S�p�s�M�q�7�ì
*

���‹�U�{�Š�’�•�s�M�\�q�U���M�T�’�p�b�{�«�Q�y
Y�F
ü
Í�›�«�t�q�l�o�_�‡�`�•�O�{

y = y1; y2; ::::; y100 �q�M�O 100 �x�w�Ã�”�»�U�K�l�h�q�V�t�z y1 �U�˜�’�•�”�¬�p�¢�ì�S�£�x�z

1
p

2��
exp(�

1
2� 2 (y1 � � )2)

�q���[�p�V�‡�b�{�‰�a�‘�O�t y2�z y100 �s�r�‹�˜�’�•�‡�b�U�z�\�•�’�w�Ã�”�» y �U�˜�’�•�”�¬�p�›�7�‹�G�V�X

�b�”�h�Š�t�x�z�¢ y1 �U�˜�’�•�”�¬�p�£ � �¢ y2 �U�˜�’�•�”�¬�p�£ � .........� �¢ y100 �U�˜�’�•�”�¬�p�£�›�7�‹�G�V�X

�b�”
ž�A�U�K�“�‡�b�{�\�w�ì�S�› L(�; � 2jy) �q�b�”�q�z

L(�; � 2jy) =
100Y

i =1

1
p

2��
exp(�

1
2� 2 (yi � � )2)

= (
1

p
2��

)100 exp(�
100X

i =1

(yi � � )2

2� 2 )

�q�s�“�z�r�O�•�l�o
•
ü�b�”�œ�i�\�•�•�q�M�O�Ü�t�s�l�o�`�‡�M�‡�b�{�f�\�p�0
:�›�q�“�‡�b�{�0
:�›�q�l�h


Œ�„�r�w�ì�S�› logL(�; � 2jy) �q�b�”�q�z

logL(�; � 2jy) = log((
1

p
2��

)100 exp(�
100X

i =1

(yi � � )2

2� 2 ))

= � 100� log(
p

2�� ) �
100X

i =1

(yi � � )2

2� 2

�q�s�“�z�A�Á�w�q�\�– (y � � )2=2� 2 �w
æ
ü�›
•
ü�b�•�y�7�ì
*���‹�U�{�‡�”�\�q�t�s�“�‡�b�{�0
:�ì�S�t�b

�”�q�-�‰�U�¸�t�s�”�\�q�U���M�w�p�z�„�q�œ�r�w	Ô�ù�0
:�ì�S�›�;�M�‡�b�{
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4.2 GLM&�Þ�Ã�ç
¬�R

4.2.1 GLM�U�s�e
ž�A�T

GLM �q�x Generalized Linear Model�w�t�p�b�{ Generalized�U�m�X�w�x�z�\�•�‡�p�w�>
†�U���p�x�¢�„

�…�£
Y�F
ü
Í�`�T�{�Q�s�T�l�h�w�t�0�`�z GLM �p�x
ó
:�w�¬�p
ü
Í�›�{�Q�”�‘�O�t�s�l�o�M�”�h�Š�p�b�{

�\�w�z�®
ó
:�w�¬�p
ü
Í�›�{�Q�”�¯�q�M�O�\�q�U	O�A�p�b�{�s�e�s�’�z�q�î�t�x 
Y�F
ü
Í�t	H�˜�s�M �Ã�”�»

�U�‘�X�˜�’�•�”�T�’�p�b�{�\�•�‡�p�x�!
:�!�õ�s�r�p�z�Ã�”�»�›
Y�F
ü
Í�t�K�˜�d�‘�O�q�`�o�V�‡�`�h�{�`�T

�`�z�!
:�!�õ�`�o�‹�K�˜�s�M	Ô�ù�x�K�“�‡�b�`�z�!
:�!�õ�b�”�q���O�`�s�M�x�c�w�¦�“�^�;�ò�U���™�t�s�l�h

�“�b�”�h�Š�¢�Ë�i
��”�Ž	Í�w ANOVA �p�ä�`�Š�’�•�h
��x���M�q�¥�M�‡�b�£�z GLM �U
ž�A�t�s�“�‡�b�{

4.2.2 �\�œ�s�q�V�x GLM �i�‚

� �‡�K�q�“�K�Q�c�,�Š�q�M�O�T�ˆ�ˆ�€�£

� �K�”�q	Å�t���w�!
:�U�è�¹�›�)�Q�o�M�”�T�r�O�T�›�U�|�b�”

4.2.3 ���s�w�Ã�”�»�›�w�-�Þ�Ã�ç�p�ß�Q�”

�7	s�t�_�h�‘�O�t�z���s�x�®	è
ú	� A �w
\�’�t�F
ü	r�g�q�«���¥�U�è�¹�`�o�M�”�T�•� �̄q�M�O�ð�J�›�U�|�`

�o�M�‡�b�{�\�w	Ô�ù�w�w�-�Þ�Ã�ç�x�r�w�‘�O�t�s�”�p�`�•�O�T�•

�‡�c�¬�p�æ�$�Þ�Ã�ç�p�b�U�z���s�
���^�•�h�q	Å�¢
†�Ì�`�h�M�q	Å�£�x
\�’�p�t�s�“�‡�b�{�\�w�‘�O�s�z�Ä

	Å�U�I�\�”�z�I�\�’�s�M�q�M�O�q	Å�x�Ë�ò
ü
Í�p
z�±�$�‘�X�Ù�Å�p�V�”�w�p�z���s�x�Ë�ò
ü
Í�q�`�‡�b�{�Ë�ò


ü
Í�w�Í�å�Ý�”�»�x�z
\�I�¬�p�¢�Ä	Å�U�I�\�”�¬�p�£ p �w 1 �m�w�ˆ�p�b�{

�m�W�t�>���æ�$�Þ�Ã�ç�p�b�U�z�'
Ý�`�o�M�h�w�x�®�«�S�‘�|�F
ü	Ú�E�t�‘�l�o	è
ú�w
\�’�x�è�¹�›	!�Z�”�w

�p�x�•�¯�q�M�O�\�q�p�`�h�{�`�T�`�z�o�t�f�•�’�›
¢���t�A�ù�`�h�i�Z�p�x�z�'���^�•�”�‹�x�¢
\�I�¬�p p �›

�'���b�”�w�t�£ 0 �T�’ 1 �w���t	)�‡�“�‡�d�œ�{

�f�\�p�z�>���æ�$�Þ�Ã�ç�›�j�•�l�q�!�Ë�`�‡�b�{�A�¼�›
¢���A�ù�`�h�‹�w�¢
¢���'��� �£�› X �q�b�”�q�z

exp(X )=(1 + exp( X )) �‡�h�x 1=(1 + exp( � X )) �q�b�•�y�z X �x
ž�c 0 �T�’ 1 �t	)�‡�“�‡�b�{�\�•�›
$�Ô�`

�o�ˆ�‡�`�•�O�¢
$ 13�£�{
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�^
$�¯�”�Å� �

> x <- -100:100

> par(mfrow=c(1, 2))

> plot(x, 1/(1 + exp(-x)), type="l")

> plot(x, 1/(1 + exp(-x)), xlim=c(-5, 5), type="l")
� �

�j�s�ˆ�t�z�\�•�›
:�Ü�p
¯�q�b�”�q�Ž�<�w�‘�O�t�s�“�‡�b�{

p =1=(1 + exp( � X ))

1=p =1 + exp( � X )

(1 � p)=p = exp( � X )

log((1 � p)=p) = � X

log(p=(1 � p)) = X

�\�O�_�”�q�z
\�I�¬�p p �›�é�´�¿�Ä�!�õ�`�h�‹�w�›�A�¼�w
¢���A�ù�¢
¢���'��� �£�p�'���b�”�z�q�
�Q�”�\�q

�‹�p�V�”�q�¥�M�‡�b�{

�Ž	Í�›�•�‡�Q�”�q�z

� �¬�p�æ�$�Þ�Ã�ç�• Binomial( p); p �x
\�I�¬�p

� �>���æ�$�Þ�Ã�ç�• p = 1=(1 + exp( � (�«���¥ + �F
ü	Ú�E + 
~�" ))) �¢�o�æ�ï�«��
:�´
¢���'��� �£�‡�h

�x log(p=(1 � p)) = �«���¥ + �F
ü	Ú�E + 
~�"

�q�s�“�‡�b�{

4.2.4 �×�—�p GLM

�>���æ�$�Þ�Ã�ç�q�¬�p�æ�$�Þ�Ã�ç�U�>���^�•�‡�`�h�{�p�x�z�\�•�’�›�–�l�o�î�M�t�r�w�‘�O�t�7�ì
*���›�æ

�O�w�p�`�•�O�T�•�f�w�a���›�g�r�b�”�h�Š�t�z�×
ü�w	��p�-�‰�›�`�o�_�‡�`�•�O�{�o	m�=�w�h�Š�t�z�\�w	Ô�ù

�x�z�«�U
\�’�t�è�¹�`�o�M�”�T�•�q�M�O�Þ�Ã�ç�t�m�M�o�U�|�`�‡�b�{

�¢�š�X�d�”�p�^�À�`�o�M�h�i�V�‡�b�{ survML.xls �›�‰�M�o�X�i�^�M�£

�^�o�z	��-�‰�›�`�o�M�h�i�M�o�˜�T�l�h�q�¥�M�‡�b�U�z�7�ì
*���‹�›�{�Š�”�h�Š�t�x�M�–�œ�s
~�"�•���V�w

�‹�›�¼�`�z�¢�0
:�£�ì�S�U�7�G�q�s�”�‹�›�s�g�b�”
ž�A�U�K�“�‡�b�{
~�"�•���V�›�!�=�^�d�”�q�z�0
:�ì�S�x

�Ž�<�w�‘�O�t�!�=�`�‡�b�{
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�p�z�7�&�s���V�q
~�"�›	��^�À�p�s�g�b�”�w�x�G�!�s�œ�p�z�f�\�x R�w glm() ��
:�t�Ú�d�‡�`�•�O�{

4.2.5 GLM�p�¦���`�s�Z�•�y�s�’�s�M�\�q

GLM �x�w�-�Þ�Ã�ç�p�K�“�z
Œ�„�r�w�‘�O�s�w�-�$�Þ�Ã�æ�ï�¬�w�a���›�Ì�Ô�`�o�•�”
ž�A�U�K�“�‡�b�{ R�p

�w�M�O�x�Ž�<�w�è�“�p�b�{

> result <- glm(y ~ x1 + ..., family = �¡�)�Ï�� ( �æ�ï�«��
: ), �Ã�”�»�Ê )

GLM �p�¦���`�s�X�o�x�s�’�s�M�\�q�x�Ž�<�w 3 �m�p�b�{�Ã�”�»�x y�¢� �t�!
:�{�q	Å�f�w�‹�w�£�q x �¢
†�Ì

�!
:�{�Þ�Ã�ç�w�Ï
R�A
É�£�t
ü�T�•�o�M�‡�b�U�z�f�•�›�™�Ý�`�s�U�’�Ž�<�›�¡�œ�p�X�i�^�M�{

� y �w�¡�)�Ï�� : y �w�¬�p
ü
Í�z�b�s�˜�j�¬�p�æ�$�Þ�Ã�ç�{

� 
¢���'���  : �Þ�Ã�ç�Ü�¢ � 1x1 + � 2x2 + :::�£�{

� �æ�ï�«��
: : �¬�p�æ�$�Þ�Ã�ç�w�Í�å�Ý�”�»�q
¢���'��� �›�m�s�Y�‹�w�{
¢���'��� �t�o�æ�ï�«��
:�›�^

�;�^�d�h�‹�w�U�>���æ�$�Þ�Ã�ç�q�ß�Q�”�q�˜�T�“�•�b�M�{

�¡�)�Ï��� �

glm() �p
z�±�$�‘�X�;�M�’�•�”�¡�)�Ï���¢�¬�p�æ�$�Þ�Ã�ç�£�q�`�o�x�z�Ž�<�w�‹�w�U�K�[�’�•�‡�b�{

� gaussian: �M�˜�•�”
Y�F
ü
Í�{���É�q
ü�„�w 2 �Í�å�Ý�”�»�p���[�^�•�z�È���‹�{

� binomial: �Ë�ò
ü
Í�{ 
\�®�Ã�”�» �s�r�p�–�O�{���É�¢
\�I�¬�p�q�M�l�o�M�M�T�£ 1 �Í�å�Ý�”�»�p

���[�{

� poisson: �Ù�ž�¹�ï
ü
Í�{ �§�¢�ï�Ä�Ã�”�» �¢ 1 �x�z 2 �x ...�£�p�–�O�{���É 1 �Í�å�Ý�”�»�p���[�{
� �

�æ�ï�«��
:� �

�¤�¡�)�Ï���t�0�`�z�è	×�;�M�’�•�”�æ�ï�«��
:�x�Ž�<�w�‘�O�p�b�{

� gaussian�w	Ô�ù : identify �¢�›�t�!�õ�`�s�M�£

� binomial �w	Ô�ù : logit

� poisson�w	Ô�ù : log
� �

�s�S�z�¤�¡�)�Ï���t�0�`�o�Ô�`�h�æ�ï�«��
:�x
ª	j�w�æ�ï�«��
:�p�K�“�z�è	×�x R 	Í�p�x�Ö�—�b�”
ž�A�x

�K�“�‡�d�œ �{

4.2.6 GLM�w�A�L�w�_�M

�p�x GLM �p�w�r
s�›�æ�l�o�ˆ�‡�`�•�O�{ GLM �w�A�L�›�_�”�h�Š�t�x�Ž�<�w�‘�O�t�`�‡�b�{

GLM �w�î�æ�«� �

> res <- glm(Surv ~ Light + Nutrient, family=binomial, d)

> summary(res)
� �

Call:

glm(formula = Surv ~ Light + Nutrient, family = binomial, data = d)
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Deviance Residuals:

Min 1Q Median 3Q Max

-2.5992 0.2709 0.3792 0.6678 1.4863

Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept) -0.5564 0.1870 -2.975 0.00293 **

Light 3.9648 0.3110 12.749 < 2e-16 ***

Nutrientijime -0.1874 0.2113 -0.887 0.37510

Nutrientzeitaku -0.2710 0.2082 -1.301 0.19312

---

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 1071.25 on 999 degrees of freedom

Residual deviance: 860.14 on 996 degrees of freedom

AIC: 868.14

Number of Fisher Scoring iterations: 5

�_�”�‚�V�‹�w�q�`�o�x�z

� Coe�cients: Estimate �U
*���^�•�h��
:

� deviance: Null deviance�U
~�"�ò�w�ˆ�w deviance�z Residual deviance�U
†�Ì�!
:�›�d�Ö�`�h�q�V�w

deviance

�U�•�[�’�•�‡�b�{ deviance�q�x�K�o�x�‡�“�w�q�^�›�Ô�`�z�\�•�U	–�^�M�„�r�Ã�”�»�t�‘�X�K�o�x�‡�l�o�M�”

�\�q�›�Ô�`�o�M�‡�b�{

Coe�cients �w�_�T�h� �

� �È���!
:�¢ Light �£ : 
\�’�p�t
Y�w�®�L

� �§�Â�°�æ�”�!
:�¢ Nutrient �£ : �ž�ç�Ñ�•�Õ�¿�Ä�p�7	s�w�§�Â�°�æ�”�w��
:�› 0 �q�`�h�q�V�w�z��

�w�§�Â�°�æ�”�w�è�¹�w�“�M�U
¯�Ô�^�•�o�M�”�{���s�x	r�g���w�)�x�K�‡�“�s�^�f�O�p�K�”�{
� �

4.2.7 AIC�t�‘�”�Þ�Ã�ç
¬�R

AIC �x Akaike Information Criterion �w�t�p�z

AIC = � 2 � maximum log likelihood + 2p

�q���[�^�•�‡�b�{ AIC �U	–�^�M�„�r�‘�M�Þ�Ã�ç �q�^�•�‡�b�{
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� maximum log likelihood �q�x�7�G�=�0
:�ì�S�q���^�•�z
Œ�„�r	º�p�`�h�ì�S�w�0
:�›�q�l�h�‹�w�p

�b�{�ì�S�‰�7�z
Ý���`�h�¬�p
ü
Í�w�i�p�w�Ã�”�»�•�w�p�o�x�‡�“�U�‘�M�„�r�G�V�M�‹�›	��“�‡�b�¢�j�s

�ˆ�t -2 �›�T�Z�h�‹�w�U deviance�£�{

� p �x�Í�å�Ý�”�»
:�z�m�‡�“�Þ�Ã�ç�t�d�Ö�b�”
†�Ì�!
:�w
:�p�b�{

�\�•�’�T�’�˜�T�”�‘�O�t�z AIC �x �p�o�x�‡�“�U�‘�X�z�T�m	Z�R�”�i�Z
†�Ì�!
:�U	—�s�M�Þ�Ã�ç�›
¬�• �‘�O�t

�s�l�o�M�‡�b�{

AIC �t�‘�”�Þ�Ã�ç
¬�R�›�æ�O�h�Š�t�x�z�Í�¿�­�”�´ MASS �t���‡�•�” stepAIC() �›�–�M�‡�b�{

> library(MASS)

> stepAIC(res)

Start: AIC=868.14

Surv ~ Light + Nutrient

Df Deviance AIC

- Nutrient 2 861.92 865.92

<none> 860.14 868.14

- Light 1 1070.95 1076.95

Step: AIC=865.92

Surv ~ Light

Df Deviance AIC

<none> 861.92 865.92

- Light 1 1071.25 1073.25

Call: glm(formula = Surv ~ Light, family = binomial, data = d)

Coefficients:

(Intercept) Light

-0.6943 3.9292

Degrees of Freedom: 999 Total (i.e. Null); 998 Residual

Null Deviance: 1071

Residual Deviance: 861.9 AIC: 865.9

�\�\�p�>���^�•�h�Þ�Ã�ç�t���‡�•�”�!
:�x�™�¯�w�K�”�!
:�p�K�“�z���‡�•�s�T�l�h�!
:�x�f�O�p�x�s�M�!
:�z

�q�ß�Q�”�˜�Z�p�b�{�m�‡�“�z���s�i�q Nutrient �x�®�M�o�M�s�M�!
:�q
Q�…�^�•�h�˜�Z�p�b�{

�\�O�`�o�z�«�w�ˆ�U	è
ú�w
\�’�t�è�¹�`�o�M�”�q�M�O�A�L�U�˜�’�•�‡�`�h�{�\�\�p�z�j�•�l�q
Œ�„�r�w

survML.xls �t�í�l�o�ˆ�‡�`�•�O�{�\�\�t
*���A�L�w
~�"�q�«�w��
:�›�Ö�•�z�0
:�ì�S�› -2 
��`�o deviance

�›�-�‰�b�”�q ......�•



R 	s	ú	��¸�Û 2009in 	ÿ�›
ï�ù�Z�€	t 34

4.2.8 �A�L�w
$�Ô

�w�-�›�T�Z�h�’�z�f�w�A�L�›
$�Ô�b�”�w�‹�•�l�z�“�G�Ä�s�\�q�p�b�{�w�-�r
s�U
Y�`�M�T�›
Q�…�b�”�h�Š

�t�{�^
$�M�O�p�b�U�z

� �A�L�›
Ç�)�`�h�¦�Ò�´�£�«�Ä�T�’�¤�!
:�w��
:�›	��“	Z�b

� �˜�’�•�h�¬�p�w���É�‹�›�z�æ�ï�«��
:�w�o��
:�p�K�”�o�æ�ï�«��
:�t�)�Q�z curve() �t�L�“���œ�p
³�h

�b�”

�q�M�O	�	q�›	��“�‡�b�{�s�<�Ú
¢�q�°	y�p�b�{

�h�i�`
*���^�•�h��
:�x�z�æ�ï�«��
:�U�^�;�`�o�M�”	Ý�6�p�w
*���‹�p�b�T�’�z
*���^�•�h
†�Ì�`�h�M�q

	Å�¢�\�\�p�x
\�’�¬�p y�£�›	��“	Z�b�h�Š�t�x�z
*���‹�t�o�æ�ï�«��
:�›�^�;�^�d�o�‹�›�!�õ�b�”
ž�A�U�K�“

�‡�b�{

� identify: �›�t�!�õ�b�”
ž�A�s�`

� logit: library(faraway) �t�K�” ilogit() �t
*���‹�›�Ö�•�”�¢�é�´�µ�Â�Ÿ�¿�«�!�õ�£

� log: exp() �t
*���‹�›�Ö�•�”

�p�x�z
Œ�„�r�w�A�L�›
$�Ô�`�o�ˆ�‡�`�•�O�{
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$ 15 GLM �w�p�o�x�Š�A�L
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GLM �¢ binomial�£�t�S�Z�”�^
$�¯�”�Å� �

> res <- glm(surv ~ light + syori, family=binomial(logit), d)

> resB <- stepAIC(res)

> co <- resB$coefficients

> library(faraway) # ��
: ilogit() �›���‰ faraway �›�z�|	Z�b

> plot(Surv ~ Light, d) # �‡�c
$�›�^�“�‡�b

> curve(ilogit(co[1] + co[2] * x), lwd=2, add=TRUE)

#ilogit() �t�T�’�s�M	Ô�ù�{�×
ü�p��
:�›�^�l�j�Œ�O�q�¸�p�b�{

> logistic <- function(x) {exp(x) / (1 + exp(x)) }

> plot(surv ~ light, d)

> curve(logistic(co[1] + co[2] * x), lwd=2, add=TRUE)
� �

�Ù� �ï�Ä�x curve() �t�L�“���‰�‹�p�b�{���s�x Light �`�T�è�¹�`�o�M�s�T�l�h�w�p�z
~�"�q Light �›�
�`

�h�‹�›�z�o�æ�ï�«��
:�p�K�”�é�´�µ�Â�Ÿ�¿�«�!�õ�¢ ilogit() �£�`�o�Â
¢�›
³�M�o�M�‡�b�{

4.3 GLMM&�Þ�Ã�ç
¬�R

4.3.1 GLMM�U�s�e
ž�A�T

GLMM �q�x Generalized Linear Mixed Model�w�t�p�b�{ Mixed �x�z GLM �p�!�”�®�L�¢ Random e�ect�£

�›���‰�Þ�Ã�ç�s�w�p�m�M�o�M�‡�b�{

GLM �p�x�z�µ�¯�w�K�”�q	Å�t�è�¹�`�o�M�”�q�ß�Q�’�•�”�A�¼�›�>���æ�$�Þ�Ã�ç�t	��“�Ö�•�z�f�•�t�¬�p�æ

�$�Þ�Ã�ç�t�‘�”�!�ˆ�U�K�”�q�ß�Q�o�z�q	Å�›
†�Ì�b�”�Þ�Ã�ç�›�Ï�™�`�‡�`�h�{

�`�T�`�z�>���æ�$�Þ�Ã�ç�t
Ê�ˆ���‰�A�¼�x�K�X�‡�p�f�‘�U�™�Ý�$�t	��“	Í�[�”�‹�w�p�K�“�z�f�•�i�Z�p�Ã�”

�»�U
†�Ì�`
~�•�”�\�q�x�‡�c�K�“�‡�d�œ�{�f�‘�U�����`�s�M�A�¼�p�Ã�”�»�t�è�¹�b�”�A�¼�› Random e�ect

�q�z�|�z�\�•�x�M�h�”�q�\�–�t
œ�œ�p�M�‡�b�{

Random e�ect �w�«�™
H�w�¤ Random e�ect �i�’�Z�‚� �

� �x�.�)�¢�‰�a	r�g�à�s�w�t ......�£

� �Ò�é�¿�«���)

� �f�w	Ô	t�t�{���s�?�T

� �Ì���¢�å�£�!�ˆ
� �

���s�w�Ã�”�»�x�z

� Nutrient �à�]�q�t�M�X�m�T�w Plot �U
S
î�q�`�o	��’�•�o�M�”

� �¤ Plot �T�’ 100 �x�.�w�Ã�”�»�U�˜�’�•�o�M�”

�q�s�l�o�M�‡�b�{ GLMM �›�–�Q�y�z �Ó�é�¿�Ä���w�‹�w�y�’�m�V�›�ß�€�`�s�U�’	r�g�à���)�›�_�” �\�q�U�z �Ó

�é�¿�Ä�› Random e�ect �t�b�” �\�q�p�D�ó�t�s�“�‡�b�{
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$ 16 Random e�ect �U
ž�A�s�­�”�µ

Plot ���p
\�’�p�w�)�U�T�s�“�K�”�U�z	��A�s�A�¼�p�K�”�«���¥�x�Ó�é�¿�Ä���p�)�U�s�M�{�\�w	Ô�ù�z�
���p�V�o�M�s�M�A�¼�t�‘�l�o�Ó�é�¿�Ä���)�U
C
\�`
�o�M�”�q�ß�Q�’�•�”�{

�^
$�¯�”�Å� �

> par(mfrow=c(1, 2), mar=c(1, 5, 1, 1), oma=c(4, 0, 0, 0), ps=20)

> plot(1:10, tapply(d$Surv, d$Plot, mean), xlim=c(1, 10),

+ xlab="", ylab="Survival probability", xaxt="n", cex=2.0)

> axis(1, at=1:10, labels=LETTERS[1:10])

> plot(Light ~ Plot, xlab="", ylab="Light intensity", d)

> mtext(1, line=2, outer=TRUE, text="Plot")
� �

4.3.2 Random e�ect�q�x�•

GLMM �p�x�z Random e�ect �›�z���É 0�z
ü�„ ** �p�K�” 
Y�F
ü
Í�t	H�O�!
:�q�`�o�{�M�‡�b �{�m�‡�“�z��

�É�‹�x�!�˜�’�s�M�U�z Random e�ect �t�‘�l�o�Ã�”�»�w�y�’�m�V�i�Z�U�!�=�b�”�‘�O�s�!
:�› 1 �x�‹�Ö�`�o

�•�”�˜�Z�p�b�{�\�•�x�Ü�w���p	{�X�w�p�K�•�y�z

y�¢� �t�!
:�£ = x1�¢
†�Ì�!
: 1�£ + x2�¢
†�Ì�!
: 2�£ + ... + RE �¢ Random effect �£

�q�M�O���p�ß�Q�”�\�q�U	Z�R�‡�b�{

���s�w�Ã�”�»�p�x�z Plot �U Random e�ect �t�s�“�‡�b�U�z Plot �x�›�t�)�›�_�h�M�0	Å�p�x�K�“�‡�d�œ�{�\

�w Plot �°�m�°�m�t���`�o �k�µ�t 
*���‹�›���Š�”�\�q�x�D�ó�p�b�U�z�f�•�x Plot �w
:�i�Z�Í�å�Ý�”�»
:�›
ÿ

�•�b�\�q�p�K�“�z�K�o�x�‡�“�U�‘�X�s�”�w�x�p�h�“
²�p�b�{�`�T�`�z Plot �x�›�t�µ�¯�w�K�”�0	Å�p�x�s�M�w

�p�z�f�w
*���‹�›�{�Š�o�‹�K�‡�“�™�¯�U�K�“�‡�d�œ�`�z�Þ�Ã�ç�w�°
`
Q�x�G�V�X�ÿ�<�`�‡�b�¢�i�T�’ AIC �s

�r�x�Í�å�Ý�”�»
:�q�p�o�x�‡�“�w�Ì�å�ï�µ�›�q�”�£�{

�f�\�p�z Random e�ect �x�z�?�T�w�¬�p�!
:�t	H�l�o
\�a�”�‹�q�`�‡�b�{�\�O�b�”�\�q�p�z�¤ Plot �t�x�K

�”���S�w�y�’�m�V�U�K�”�\�q�›
S�é�^�d�s�U�’�z�Í�å�Ý�”�»�q�`�o�x 1 �m
ÿ�Q�”�i�Z�p�b�ˆ�‡�b�{



R 	s	ú	��¸�Û 2009in 	ÿ�›
ï�ù�Z�€	t 37

�¬�p
ü
Í�t	H�l�o
\�a�”�‹�q�`�o�ß�Q�”�Ý�æ�¿�Ä�x���t�‹�K�“�‡�b�{ Random e�ect �w�‘�O�t�µ�¯�U�s�M�A

�¼�t�m�M�o�x�K�‡�“�ß�€�`�s�M�p�Ã�”�»�›	��”�\�q�U���M�w�p�z�`�y�`�y�f�w�®�L�›�Ã�”�»�T�’
*���b�”�\�q

�x�É�`�M�p�b�¢�K�” Plot �i�Z�:
:�U	—�s�M�z�q�T�£�{�f�w�‘�O�s	Ý�¯�p�¤ Plot �t���b�”
*���‹�›�k�µ�t�>��

�`�‘�O�q�b�”�q�z�`�y�`�y�q�î�$�t�x�K�“�Q�s�M�‹�›
*���`�o�`�‡�M�‡�b�¢�«�Q�y
\�’�p�w�Ã�”�»�p�z�‹�q�‹

�q 1 �x�.�`�T�M�s�X�o�f�•�U
\�’�`�h	Ô�ù�z
\�’�p�x 100%�t�s�l�o�`�‡�O�£�{

�`�T�`�z�K�”�¬�p
ü
Í�t	H�O�q�M�O
1�“�w�¤�p
*���b�•�y�z�¬�p
ü
Í�w���w
1�“�t�‘�“�z Plot �w�¤�p�x�7

�‹
\�’�p�U�ô�M	Ô	t�q�`�o
*���^�•�‡�b�U�z�Ã�z�t�G�V�s�‹�›�q�“�t�X�X�s�“�‡�b�{�m�‡�“�z Random e�ect

�x
Æ�¬�î
Q�›
P�O�Í�å�Ý�”�»�›�{�O�M�O�q�`�o�z���•�h�:�U���X�K�”�q�M�Q�‡�b�{

�\�w�‘�O�s Random e�ect �w�ß�Q�M�×�.�x�>�`�o	ý�`�M�‹�w�p�x�s�X�z�«�Q�y�U���w�î
Ê�ˆ�p�‹ Nested

ANOVA �s�r�q�M�l�h���w���ù�Þ�Ã�ç�p�{�˜�•�o�V�‡�`�h�{�`�T�`�z�U���w�î
Ê�ˆ�p�!�”�®�L�›�{�O�\�q�x�°


`�$�t�É�`�X�z�K�‡�“	��“�Ö�•�’�•�”�\�q�U�K�“�‡�d�œ�p�`�h�{�`�T�`�z�f�w
M�ÿ�x GLMM �t�‘�l�o	��“
÷

�˜�•�h���z�Ã�”�»�›�˜�”�a���p���‡�•�”�q�ß�Q�’�•�” Random e�ect �›�ß�€�b�”�\�q�U�°
`�$�t�s�“�m�m�K

�“�‡�b�{

4.3.3 �\�œ�s�q�V�x GLMM �i�‚

� �è�¹�›�U�|�`�h�M�!
:�Ž�Ž�t�z� �t�!
:�t�Ì�’�T�t�è�¹�›�)�Q�o�M�”�A�¼�U�K�”�{

� �f�w�A�¼�t���`�o�z�A�¼�q�`�o
°�A�x�`�h�X�s�M�U�z�Á�¹�‹�p�V�s�M�{

� �î�í�$�t�z�„�q�œ�r�w�Ã�”�»�r
s�U�\�•�t�˜�p�b�”�{

4.3.4 R�t�S�Z�” GLMM �w�î�æ��
:

� glmmML(): �Í�¿�­�”�´ glmmML �t	)�å�{ library(glmmML) �p�–�Q�”�{

�Õ	t : stepAIC() �s�r�7���w��
:�U�&�;�`�•�b�M�{�†���`�o�M�”�{

�y	t : �{�Q�”�¡�)�Ï���x binomial�z poisson�w�ˆ�{�Ö�•�’�•�” Random e�ect �x 1 �x�i�Z

�,�Š�� : #RE �x Random e�ect�z d �x�Ã�”�»�Ñ�è�”�Ü�Ê

glmmML(y ~ x1 + ..., cluster=RE, family=**, d)

� lmer() : �Í�¿�­�”�´ lme4 �t	)�å�{ library(lme4) �p�–�Q�”�{

�Õ	t : �{�Q�”�¡�)�Ï���U gaussian�z binomial�z poisson�s�r���M�{ Random e�ect �x
ó
:�¦���D�ó�¢�`

�T�‹
~�"�q���V�r�j�’�t�‹�d�Ö�p�V�”�£�{

�y	t : ��
:�w�“�7�U�›	��s�h�Š�z�7���w��
:�U�&�;�p�V�s�M�\�q�U���M�{

�,�Š�� :

lmer(y ~ x1 + ... + (1 | RE), family=**, d)

�f�•�g�•�w�r
s�«�›�Ô�`�‡�b�{

glmmML() �w�–�;�«� �

> library(glmmML)

> res <- glmmML(Surv ~ Light + Nutrient, cluster=Plot, family=binomial, d)

> summary(res)
� �

Call: glmmML(formula = Surv ~ Light + Nutrient, family = binomial, data = d, cluster = Plot)
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coef se(coef) z Pr(>|z|)

(Intercept) -0.7076 0.6830 -1.036 0.300

Light 5.8076 0.4552 12.758 0.000

Nutrientijime -0.3141 0.2590 -1.213 0.225

Nutrientzeitaku -0.4025 0.2533 -1.589 0.112

Scale parameter in mixing distribution: 2.001 gaussian

Std. Error: 0.5614

Residual deviance: 628.6 on 995 degrees of freedom AIC: 638.6

GLM �q�G�V�s�)�x�K�“�‡�d�œ�{ Null deviance �U	Z�—�^�•�s�M�Y�’�M�U�§�M�p�`�•�O�T�{�‡�h�z�«�w
*���‹

�U GLM �q�G�V�X�Ÿ�s�l�o�M�”�\�q�t�«�è�`�o�X�i�^�M�{

lmer() �w�–�;�«� �

> library(lme4)

> res2 <- lmer(Surv ~ Light + Nutrient + (1 | Plot), family=binomial, d)

> res2
� �

Generalized linear mixed model fit by the Laplace approximation

Formula: Surv ~ Light + Nutrient + (1 | Plot)

Data: d

AIC BIC logLik deviance

638.6 663.2 -314.3 628.6

Random effects:

Groups Name Variance Std.Dev.

Plot (Intercept) 4.0055 2.0014

Number of obs: 1000, groups: Plot, 10

Fixed effects:

Estimate Std. Error z value Pr(>|z|)

(Intercept) -0.7076 0.6797 -1.041 0.298

Light 5.8076 0.4496 12.918 <2e-16 ***

Nutrientijime -0.3141 0.2581 -1.217 0.224

Nutrientzeitaku -0.4026 0.2524 -1.595 0.111

---

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
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Correlation of Fixed Effects:

(Intr) Light Ntrntj

Light -0.214

Nutrientijm -0.153 -0.127

Nutrientztk -0.152 -0.140 0.496

�\�j�’�x�G
ü�7� �U�§�M�‡�b�{�‡�c�Þ�Ã�ç�w�p�o�x�‡�“�›�Ô�b AIC �s�r�U�Ô�^�•�o�S�“�z�f�w�<�t Random

e�ect �U�r�w���S�w�y�’�m�V�›
†�Ì�`�o�M�”�T�U
¯�Ô�^�•�z�f�w�<�t
†�Ì�!
:�t���b�”	Ø�C�U�L�d�’�•�o�M

�‡�b�{�A�L�w�¦�Ò�´�£�«�Ä�› fixef() �t�Ö�•�”�q
†�Ì�!
:�U�z ranef() �t�Ö�•�”�q Random e�ect �w�‹�U�z

AIC(logLik( )) �t�Ö�•�”�q AIC �U
¯�Ô�^�•�‡�b�{

���s�w�‘�O�t Random e�ect �w�®�L�U�§�M	Ô�ù�z
*���A�L�x�_�o�M�h�i�M�h�‘�O�t�A�Ï�!�˜�“�‡�b�¢
$ 17�£�{
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$ 17 GLM �q GLMM �w
*���A�L�w�§�M

	–�^�M���U�î���‹�¢�C�“�m�•�`�w���x
\�’�p�U�ÿ�M�Ó�é�¿�Ä�£�z�G�V�M���U�«���¥���w���É�‹�{ GLM �w
*���A�L�x���M�Â
¢�z GLMM �w
*���A�L�x
h�M
�

¢�p�Ô�`�o�M�”�{ GLM �w
*���A�L�x Plot �w�y�’�m�V�›�ß�€�`�o�M�s�M�h�Š�z
¶�.�t�ù�˜�d�”�‘�O�s
*���A�L�q�s�l�o�M�”�{

4.3.5 GLMM�t�S�Z�”�Þ�Ã�ç
¬�R

glmmML()�t�m�M�o�x stepAIC() �›�z lmer() �t�m�M�o�x dredge() �›�–�M�‡�b�{ dredge() �x�Í�¿�­�”�´

MuMIn �t���‡�•�o�M�”�w�p�b�U�z MuMIn �x�è	×�w�Í�¿�­�”�´�w� �ï�µ�Ä�”�ç�ò�è�t�x���‡�•�o�M�‡�d�œ�w
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�p�z http://r-forge.r-project.org/projects/mumin/ �T�’�¼�¢�ï�é�”�Å�`�o�X�i�^�M�{

	Í�G�w�Ö�”�´�t�ž�«�·�µ�`�z Download �q�M�O�˜	í�w�ž� �¯�ï�›�«�æ�¿�«�`�z Windows �w�M�p�`�h�’

Windows binary(.zip) �›�«�æ�¿�«�`�z zip �Ñ�•� �ç�›�¼�¢�ï�é�”�Å�`�o�X�i�^�M�{

�Í�t R �w�®�Í�¿�­�”�´�¯ ! �®�é�”�§�ç�t�K�” zip �Ñ�•� �ç�T�’�w�Í�¿�­�”�´�w� �ï�µ�Ä�”�ç� �̄›
¬�|�z
Œ�„

�r�w�¼�¢�ï�é�”�Å�`�h zip �Ñ�•� �ç�›
¬�R�`�o�X�i�^�M�{

4.3.6 �–�M�M

�A�L�w�¦�Ò�´�£�«�Ä�›�z�f�•�g�•�w��
:�t�Ö�•�”�i�Z�p�b�{�‡�c�x glmmML()�w	Ô�ù�{

> library(glmmML)

> res <- glmmML(Surv ~ Light + Nutrient, cluster=Plot, family=binomial, d)

> library(MASS)

> stepAIC(res)

Start: AIC=638.62

Surv ~ Light + Nutrient

Df AIC

- Nutrient 2 637.43

<none> 638.62

- Light 1 914.57

Step: AIC=637.43

Surv ~ Light

[glmmml] fail = 1

Max. No. of iterations reached without convergence Df AIC

<none> 637.43

- Light 1 979.39

Call: glmmML(formula = Surv ~ Light, family = binomial, data = d, cluster = Plot)

coef se(coef) z Pr(>|z|)

(Intercept) -0.9087 0.6674 -1.362 0.173

Light 5.7181 0.4467 12.800 0.000

Scale parameter in mixing distribution: 1.987 gaussian

Std. Error: 0.5563

Residual deviance: 631.4 on 997 degrees of freedom AIC: 637.4

http://r-forge.r-project.org/projects/mumin/
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Warning messages:

1: In glmmML.fit(X, Y, weights, cluster.weights, start.coef, start.sigma, :

2: In glmmML(formula = Surv ~ 1, family = binomial, data = d, cluster = Plot) :

'vmmin' did not converge. Increase 'maxit'?

�K�•�•�s�œ�T�¤�å�”�U	Z�o�`�‡�M�‡�`�h�v�{�\�•�t���`�o�x�™�„�r�{���M�o lmer() �w	Ô�ù�p�b�{

> res2 <- lmer(Surv ~ Light + Nutrient + (1 | Plot), family=binomial, d)

> dredge(res2)

Model selection table

(Intr) Light Nutrnt k Dev. AIC AICc delta weight

2 -0.9082 5.718 3 631.4 637.4 637.4 0.000 0.649

4 -0.7076 5.808 1 5 628.6 638.6 638.7 1.232 0.351

1 1.6620 2 906.9 910.9 910.9 273.500 0.000

3 1.6870 1 4 906.6 914.6 914.6 277.200 0.000

Random terms: 1 | Plot

dredge() �x�z�b�‚�o�w
Ê�ˆ�ù�˜�d�w�Þ�Ã�ç�w AIC �›�U�|�`�z AIC �U	–�^�M�Þ�Ã�ç�„�r	Í�t
¯�Ô�`�‡�b�{�§

�Â�°�æ�”�!
:�t�m�M�o�x�z
¬�R�^�•�o�M�”	Ô�ù�t�x 1 �U�Ô�^�•�o�M�‡�b�{

4.3.7 GLMM�w�Ä�å�Ò�ç�³�á�”�Ä

glmmML()�z lmer() �q�‹�t�‘�X�¤�å�”�U
C
\�`�‡�b�{
:�¶�$�t�x�r�Z�s�M�Þ�Ã�ç�s�w�p�z
:�‹�s�g�t�‘�l�o

�r
s�$�t�r�›	Z�`�o�M�‡�b�{�f�w�h�Š�z�O�‡�X	)���`�s�M�q�¤�å�”�U
C
\�`�‡�b�{�f�w�q�V�w�0	r�M�O�p�b�{

� �Š�p�t�f�w�Þ�Ã�ç�p�‘�M�• : �\�•�U�A�Á�°
j�G�Ä�p�b�{�×
ü�w�ß�Q�o�M�”�Þ�Ã�ç�U�¢
\
ú�¶�$�t�£
Y�`

�M�w�T�z Random e�ect �q�`�o	��“���Š�”�‹�w�U���t�s�M�T�¢�o�t
ž�A�s�M�T�£�s�r�z�Þ�Ã�ç�f�w�‹�w

�t�m�M�o�‘�X�ß�Q�‡�`�•�O�{

�Ž�<�x�z glmmML()�w�ˆ���®�p�b�{

� �¾
: start.sigma : �r
s�›�•�Š�”�M�w	s�8�‹�›�!�Q�‡�b�{�Ã�Ñ�¥�ç�Ä�x 0.5 �p�b�w�p�z�‹�›�G�V�X�`�h

�“	–�^�X�`�h�“�`�o	)���b�”�T�¼�`�o�X�i�^�M�{

� �¾
: maxit : 	)���^�d�”�‡�p�t���“�&�b�-�‰�w�s
:�›�>���`�‡�b�{�Ã�Ñ�¥�ç�Ä�x 200 �s�p�b�¢	—

�s�l�‚�£�{�-�‰�s
:�›
ÿ�•�b�\�q�t�‘�l�o	)���b�”�T�‹�Œ�•�‡�d�œ�¢�²�×
��x�f�O�M�O�&�g�x�s�M�p

�b�U�£�{

4.4 �U��

���Ô�x�•�“�‡�d�œ�{�™�„�r�z
ž�A�U�K�“�‡�`�h�’�€	°�`�o�X�i�^�M�{
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4.4.1 �\�œ�s�q�V�x�U���i�‚

� �b�p�t�U�|�`�h�M�A�¼�U�Ü�’�•�o�M�o�z�f�w�A�¼�w�è�¹�w�)�›�U�|�`�h�M�{

� �k�µ�s
M�š���¥�t�K�“�z�U�|�`�h�M�A�¼�Ž�Ž�w�è�¹�›�ß�€�b�”
ž�A�U�s�M�{

� �¦�‹	��¢�K�”�M�x Editor �£�t�U���`�–�l�o�t�˜�•�o�o�’�Q�s�M ^^;) �¢�\�w�­�”�µ�U�°
j���M�T�•�£

�U���w�j�g�t���`�o�x�ž�°
†�Ì�`�‡�d�œ�U�z�,�Š�$�t�x

� �)�›�_�‘�O�q�b�”	B�‚���p�)�U�s�M�q�>���b�”�{

� �†	B�‚�T�’�å�ï�¼�Ü�±�ï�Ó�æ�ï�¬�`�o�V�o�)�›�q�l�h�‹�¢�K�”�M�x�‹�O	—�`�\�v�X�“�s�`�h�‹�{�M�˜�•

�”�U���w�-�”�£�U�7���w�g�æ
ü
Í�¢
Y�F
ü
Í�‡�h�x�f�•�t�¨�b�”�‹�w�q�b�”�\�q�U���M�£�t 	H�O�q�>��

�b�” �{

� �î�M�w�����‹�T�’�U���w�-�”�›�-�‰�`�h�q�V�t�z�†	B�‚�t�)�U�s�M�q�>���`�h�q�V�w�U���w�-�”�w
ü
Í

�t�S�M�o�r�\�t�•�”�b�”�T�›�Ð�‚�z�b�]�X�x�`�l�\�¢�M�˜�•�” 95 %�:�‘�“�‹�z�{�m�‡�“�Ý�`�M�º�”�ï�£

�i�l�h�’�z�®�†	B�‚�t�)�U�s�M�q�M�O�>���U���§�l�o�M�h�¯�q�A�æ�b�”�{

�q�M�O�\�q�p�b�{

�Ž�<�t�¤	��U���›�æ�O�M�O�›�Ô�`�‡�b�{�f�w
²�t�z�Ž�<�w�\�q�›�`�o�S�M�o�X�i�^�M�{

> d <- read.csv("data.csv")

> d2 <- subset(d, syori!="ijime")

4.4.2 2�m�w�¬�ç�”�Ó�w�)�w�U��

t �U��� �

�˜�’�•�h�Ã�”�»�U
ì�“�t� �q�p�K�“�z�È��
:�p�K�”	Ô�ù�t t.test() �›�–�O�{

> t.test(omosa ~ syori, d2, var.equal=TRUE)

var.equal �› TRUE �t�`�o�S�Z�y�è	×�w T �U���z FALSE �w	Ô�ù�¢�\�j�’�U�Ã�Ñ�¥�ç�Ä�£�x�z�M�˜�•�”

Welch �w�U���q�s�”�{ �‡�h�z paired = TRUE�q�b�”�\�q�p�z�0� �w�K�” t �U���›�î�æ�p�V�”�{
� �

U �U��� �

	��l�o�M�”�Ã�”�»�U���´�z�§�Â�°�æ�”�Ã�”�»�p�K�”�z�K�”�M�x�x�c�•�‹�U�K�”�‘�O�s	Ô�ù wilcox.test()

�›�–�O�¢
ü�„�U�G�V�X�Ÿ�s�”�q�V�x�&�^�s�M�£�{�Ã�”�»�›
¶�o	q�•�=�`�o�;�M�”�w�p�z�x�c�•�‹�w�è�¹

�›	!�Z�t�X�M�{ U �U���x
:�¶�$�t�x Wilcoxon �w	q�•�è�U���q�z�y�•�”�U���q�‰�7�p�K�“�z R �w�¤�p�x

Wilcoxon �w	q�•�è�U���U�æ�˜�•�”�{

> wilcox.test(omosa ~ syori, d2)
� �
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4.4.3 3�m�Ž	Í�w�¬�ç�”�Ó���w�)�w�U��

ANOVA �¢�M�˜�•�”
ü�„
ü
s�£� �

�È��
:�w�Ã�”�»�p�K�“�z�¬�ç�”�Ó�w�<
ü�„�U�s�`�M�¢�s
ü�„
Q�£	Ô�ù�x	Ô�ù�x aov() �›�–�O�{�h�i

�` �z ANOVA �x�¤�� �w�<
ü�„�U�s�`�M�¢�s
ü�„
Q�£�\ �q�›�>�� �b�”�w�p�z�f �• �› �¬�T�Š�”�h�Š�t�z

bartlett.test() �t�‘�l�o�z�s
ü�„
Q�w�U���›�Ä
²�t�æ�l�o�M�”�{

> bartlett.test(omosa ~ syori, d) # �s
ü�„
Q�w�U��

> result <- aov(omosa ~ syori, d)

> summary(result) # �A�L�w�ì
¶�s	�	Z�`�t�x summary()
� �

Kruskal-Wallis �U��� �

���´�z�§�Â�°�æ�”�w�Ã�”�»�p�0� �w�s�M 3 �m�Ž	Í�w�¬�ç�”�Ó���p�¤���‹�t�§�M�U�K�”�T�r�O�T�›�U���b

�”�q�V�x�z kruskal.test() �›�–�O�{

> result <- kruskal.test(omosa ~ syori, d)
� �

4.4.4 ��	O
z�±�¢ 3 ���Ž	Í�w�¬�ç�”�Ó���w�r�\�q�r�\�t�)�U�K�”�w�T�•�£

�Í�å�Ý�Ä�æ�¿�«�s��	O
z�±�O�q�`�o�7�‹�°
`�$�t�–�˜�•�” Tukey �O�w	Ô�ù�{

Tukey �O�t�‘�”��	O
z�±� �

> result <- aov(omosa ~ syori, d)

> TukeyHSD(result)
� �

�Ê�ï�Í�å�U���w	Ô�ù�t�‘�X�–�˜�•�” Stee-Dwass�U���t�m�M�o�x��
:�x�;�™�^�•�o�M�s�M�w�p�z��
��G�¶�w
h

�æ
Œ
\�U�^�l�h�µ�«�æ�Ó�Ä�›�–�M�‡�b�{


z�p�w�U��� �

�?�0�?�q�M�O
z�p�U�z�§�Â�°�æ�”���p�Ÿ�s�”�T�U�|�b�”�q�V�t�;�M�”�{ R�w�¤�p�x�z chisq.test() �›�–

�O�{ 2� 2 �w
¯�s�’ Fisher �w
Y�¬�¬�p�U�� fisher.test() �›�;�M�”�{

> e <- matrix(c(100, 20, 70, 50), ncol=2, byrow=T)

> rownames(e) <- c(``Engineer'', ``Agriculture'')

> colnames(e) <- c(``Male'', ``Female'')

#���s�x 2 �· 2 �w
¯�s�w�p�z fisher.test() �›�–�l�o�ˆ�”�{

> fisher.test(e)

#2 �· 2 �Ž�Ž�w
¯�s�’ chisq.test() �{

> chisq.test(e)
� �
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4.4.5 �A�¼�U 2 �m�Ž	Í�w	Ô�ù�w�U��

2 �!
:�w
ì���w���Á� �

cor.test() �›�–�O�{

> cor.test(d$omosa, d$miki)
� �

�s�<�¢ 1 �!
:�T�’�z�‹�O 1 �!
:�›�'���p�V�”�T�•�£� �

lm() �›�–�O�{

> result <- lm(miki ~ omosa, d)

> summary(result)
� �

	O�s�<�¢
ó
:�w�!
:�T�’�z 1 �!
:�›�'���p�V�”�T�•�£� �

lm() �›�–�O�{�p
µ�i�U� �t�!
:�w
ü
Í���x
Y�F
ü
Í�v���{

> result <- lm(miki ~ omosa + ha, d)

> summary(result)
� �

���ù�Þ�Ã�ç�w
ü�„
ü
s� �

�!�”�®�L�q�ß�Q�’�•�”�A�¼�U 1 �m���‡�•�”	Ô�ù�w
ü�„
ü
s�{ Nested-ANOVA �q�t�˜�•�”�\�q�‹�K�”�{��

�s�w�Ã�”�»�p�x FL �U�!�”�®�L�{ library(car) �t���‡�•�” Anova �q lm() �›�–�O�{

> library(car)

> result <- Anova(lm(miki ~ omosa, d), error=lm(miki ~ FL, d))

> result
� �

ANOVA �¢ N �i
��”�w
ü�„
ü
s�£� �

library(car) �t���‡�•�” Anova�q lm() �›�–�O�{

> library(car)

> result <- Anova(lm(miki ~ omosa * syori, d), type="II")

> result

�Ü�w�¤�w * �x�o� �ò�q�¦�“�^�;�ò�›���Š�”�G�ø�{ : �s�’�¦�“�^�;�ò�w�ˆ�U�d�Ö�^�•�”�{
� �

�h�i�`�z 3 �Í�i�Ž	Í�w
ü�„
ü
s�x�G�“	"�˜�•�h�¢�r	

Æ�ó�s�£�A�L�›�&�`�‡�b�{�‡�h�z�!
:�!�õ�t�‘�l�o� �t�!


:�›�Á�g�•�“
Y�F
ü
Í�t�`�o�r
s�b�”�q�z���O�`�s�M�x�c�w�¦�“�^�;�ò�U�U	Z�^�•�”�\�q�U�K�“�‡�b�¢ Kasuya

2004�£�{�\�•�’�w�‘�O�s
ó�v�%�w�A�L�w�r
s�›�^�•�”�M�x GLM �t� �æ�b�”�\�q�›�§�X�S�ç�Š�`�‡�b�{

�U���w�A�L�x�z�,�Š�$�t p �w�‹�›�_�•�y
Q�…�p�V�‡�b�{
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Œ
\�w�w�-�è�[�¿�‰�¢
¶ 7 �s�£�{�Ã�”�»�›�r�O�{�O�T�•�q�M�O�\�q�t���`�o R�›�–�l

�o
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