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�	�>����	����?�	$>����M�B"
�������>����>��������&NH

Cmd> data <- read("","acrtab6.8")
acrtab6.8       15      7 format
) Data from Table 6.8 of Methods of Multivariate Analysis,
) Alvin C. Rencher, Wiley 1995, p. 223
) Data from an experiment comparing 3 vitamin E supplements for
) their effect on the growth of guinea pigs.  Weight recorded at
) the end of weeks 1, 3, 4, 5, 6 and 7
) Col. 1: Group (1, 2, 3 = zero, low, high vitamin E)
) Col. 2: Weight after week 1
) Col. 3: Weight after week 3
) Col. 4: Weight after week 4
) Col. 5: Weight after week 5
) Col. 6: Weight after week 6
) Col. 7: Weight after week 7
Read from file "TP1:Stat5401:Data:guinea.dat"

Cmd> group <- factor(data[,1])

Cmd> y <- data[,-1]=��>�����#���G��������	���� �M>���NH
=�����>���#���G��������	��?��� ���H
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Cmd> weeks <- vector(1,3,4,5,6,7) #omits week 2

Cmd> weeklabs <- vector("Week 1","Week 3","Week 4","Week 5",\
"Week 6","Week 7")

Cmd> setlabels(y,structure("@", weeklabs))

Cmd> list(group,y)
group           REAL   15    1     FACTOR with 3 levels
y               REAL   15    6     (labels)

Cmd> p <- ncols(y); p
(1)           6

Cmd> addmacrofile("") # make sure new Mulvar.mac is available

Cmd> manova("y=group")
Model used is y=group
WARNING: summaries are sequential
NOTE: SS/SP matrices suppressed because of size; use
'manova(,sssp:T)'
                          SS and SP Matrices
                DF
CONSTANT         1
                    Type 'SS[1,,]' to see SS/SP matrix
group            2
                    Type 'SS[2,,]' to see SS/SP matrix
ERROR1          12
                    Type 'SS[3,,]' to see SS/SP matrix

Cmd> h <- matrix(SS[2,,]); fh <- DF[2]

Cmd> e <- matrix(SS[3,,]); fe <- DF[3]

Cmd> print(h, e, format:"7.1f")
h:
        Week 1  Week 3  Week 4  Week 5  Week 6  Week 7
Week 1  2969.2  2177.2   859.4   813.0  4725.2  5921.6
Week 3  2177.2  2497.6   410.0   411.6  4428.8  5657.6
Week 4   859.4   410.0   302.5   280.4  1132.1  1392.5 = H
Week 5   813.0   411.6   280.4   260.4  1096.4  1352.0
Week 6  4725.2  4428.8  1132.1  1096.4  8550.9 10830.9
Week 7  5921.6  5657.6  1392.5  1352.0 10830.9 13730.1
e:
        Week 1  Week 3  Week 4  Week 5  Week 6  Week 7
Week 1  8481.2  8538.8  4819.8  8513.6  8710.0  8468.2
Week 3  8538.8 17170.4 13293.0 19476.4 17034.2 20035.4 = E
Week 4  4819.8 13293.0 12992.4 17077.4 17287.8 17697.2
Week 5  8513.6 19476.4 17077.4 28906.0 26226.4 28625.2
Week 6  8710.0 17034.2 17287.8 26226.4 36898.0 31505.8
Week 7  8468.2 20035.4 17697.2 28625.2 31505.8 33538.8
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Cmd> means <- tabs(y,group,mean:T)' # Note the transpose

Cmd> list(means)
means           REAL   6     3

Cmd> lineplot(weeks,means,symbols:run(3),\
title:"Guinea pig mean weight",xlab:"Week",ylab:"Weight")

�	����������������������#��	�������	����������������������#�����	�
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Cmd> c <- matrix(vector(-1,1,0,0,0,0, -1,0,1,0,0,0, \
-1,0,0,1,0,0, -1,0,0,0,1,0, -1,0,0,0,0,1),6)'

Cmd> print(c,format:"4.0f") #contrasts, comparisons with wk 1
c:
(1,1)   -1    1    0    0    0    0 q = p-1 = 5 contrasts
(2,1)   -1    0    1    0    0    0 with week 1
(3,1)   -1    0    0    1    0    0
(4,1)   -1    0    0    0    1    0
(5,1)   -1    0    0    0    0    1

Cmd> chc <- c %*% h %*% c' C H C'

Cmd> cec <- c %*% e %*% c' C E C'

Cmd> q <- ncols(y) - 1 # or nrows(chc) = 5

Cmd> list(chc,cec) # chc and cec are q by q
cec             REAL   5     5     (labels)
chc             REAL   5     5     (labels)

Cmd> releigenvals(chc,cec)# s = 2 non-zero relative eigenvalues
(1)      2.6682     0.52252  2.2917e-16 -2.0267e-16 -2.3788e-15

Cmd> cumwilks(det(cec)/det(chc + cec),fh,fe,q)
(1)    0.079316 Exact P-value for Wilks since s = 2

Cmd> cumtrace(trace(solve(cec,chc)),fh,fe,q,upper:T)
(1)    0.092277 P-value for Hotelling trace

Cmd> cumtrace(trace(solve(cec+chc,chc)),fh,fe,q,\
pillai:T,upper:T)

(1)     0.06563 P-value for Pillai trace

� ��� + +++ < <<< 6 666 - --- 3 333 6 666 �
� ���������?�)�BH�����	��
�� = 
��R�M�J��RNB�H""���M�J�H""��NB�H$�$�H=���I���)#?�������H��"H� ��� + +++ 2 222 � ��� . . .. 5 555 3 333 4 4 44 + +++ 2 222

: 
=��	��������?������

�?�&�������MKLN�A����&��������
�	�������	�����	�������	�����H
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=���
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Cmd> ybar <- describe(y,mean:T) # grand mean

Cmd> N <- nrows(y); N
(1)          21

Cmd> s <- e/fe # = S_pooled

Cmd> vhat_ybar <- (1/N)*s # estimated V[ybar]

Cmd> vhat_wbar <- c %*% vhat_ybar %*% c' # estimated V[wbar]

Cmd> tsq <- (c %*% ybar)' %*% solve(vhat_wbar) %*% (c %*% ybar)

Cmd> tsq # Hotelling's T^2
            (1)
(1)      297.13

Cmd> fstat <- (fe-q-1)*tsq/(q*fe); vector(fstat, q, fe-q+1)
(1)      29.713           5           8

  Num df   Denom df

Cmd> cumF(fstat, q, fe-q+1,upper:T) # P-value
(1,1)  5.7779e-05  => significant at any reasonable level������	�G���'��W WWW B�H=��	��������������&����	�������>���
���"�� �������H
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Cmd> x <- describe(y',mean:T); x # subject means

Cmd> hconcat(group,x) # group and mean for each subject
 (1,1)           1      471.83
 (2,1)           1      561.17
 (3,1)           1      558.83
 (4,1)           1      571.17
 (5,1)           1      532.67
 (6,1)           2         552
 (7,1)           2      512.67
 (8,1)           2      578.67
 (9,1)           2      621.67
(10,1)           2      596.33
(11,1)           3      600.33
(12,1)           3      560.17
(13,1)           3      548.67
(14,1)           3       595.5
(15,1)           3      524.83�����>���

x
�����?����	��	��������

������?�	���������H
Cmd> anova("x=group",fstat:T)
Model used is x=group
              DF          SS          MS           F     P-value
CONSTANT       1  4.6889e+06  4.6889e+06  3201.99930     < 1e-08
group          2      3091.3      1545.7     1.05552     0.37821
ERROR1        12       17572      1464.4� ��� + +++ 2 222 � ��� . . .. 5 555 3 333 4 4 44 + +++ 2 222 �
����)BH�$����H�����	������������������������?��� ����������>�������	�G���'��@ @@@ RB@@@@	B@@@@�
� ��� - --- � ��� 4 4 44 2 222 , ,,, - --- 0 000 =�������	�	����������� ����
����	������H
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Cmd> p <- nrows(h)

Cmd> vector(sum(vector(h))/p^2, sum(vector(e))/p^2)
(1)      3091.3       17572

Cmd> d <- rep(1,p)/p

Cmd> vector(d' %*% h %*% d, d' %*% e %*% d)
         (1)         (2)
      3091.3       17572
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�	�
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Cmd> print(c_lin,c_nonlin,format:"5.0f")
c_lin:
(1)   -10    -4    -1     2     5     8
c_nonlin:
(1,1)    -1     1     2    -2     0     0
(2,1)    -1     1     0     0     2    -2
(3,1)     0    -2     2     1     0    -1
(4,1)     4    -4    -1    -5     5     1

Cmd> c_nonlin %*% c_lin # they are orthogonal to c_lin
(1,1)           0
(2,1)           0
(3,1)           0
(4,1)           0

Cmd> tsq_nonlin <- (c_nonlin %*% ybar)' %*% \
solve(c_nonlin %*% vhat_ybar %*% c_nonlin') %*%\
(c_nonlin %*% ybar)

Cmd> tsq_nonlin # Hotelling's T^2
            (1)
(1)       41.79=��&� ����������>�B"#�B�H
Cmd> q <- p - 2

Cmd> f_nonlin <- (fe - q + 1)*tsq_nonlin/(fe*q); f_nonlin
(1,1)      7.8357

Cmd> cumF(f_nonlin,q,fe - q + 1,upper:T) # P-values
(1,1)     0.00526������	�G������������������������
����	�>���������	���������?����
������������H
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����&����	���	��&�����������������!�� ��� ������	���	��	 �
Cmd> sd <- sqrt(diag(s)) # standard deviations

Cmd> lineplot(weeks,sd,\
title:"Standard deviations vs week", ylab:"SD",xlab:"Week")

=��	���� ����������	�����������
�� ������������	�	���������� ����������RRB�		BHHHB�UUH=�����������	 ������H
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(���?�	�������	�&���	 ���&�����	��
>�&��������&�� �������	�����������I�������������		��������>���&��#
	����������� ����>���&���	 ���#��������	�����H

Cmd> r <- s/(sd*sd') # or cor(RESIDUALS)

Cmd> print(r,format:"8.4f")
r:
         Week 1   Week 3   Week 4   Week 5   Week 6   Week 7
Week 1   1.0000   0.7076   0.4592   0.5437   0.4924   0.5021
Week 3   0.7076   1.0000   0.8900   0.8742   0.6768   0.8349
Week 4   0.4592   0.8900   1.0000   0.8812   0.7896   0.8478
Week 5   0.5437   0.8742   0.8812   1.0000   0.8031   0.9193
Week 6   0.4924   0.6768   0.7896   0.8031   1.0000   0.8956
Week 7   0.5021   0.8349   0.8478   0.9193   0.8956   1.0000������������		���������	����������?�H
!�Y�������?��������	����		���������	�
����� �����������������������	���
�� ����>�������	?������������>�	���
��		�������H
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'�	�Y��� ��� �>����	����������?�
�������I���	�������H!����&����
�?�	�����		���������	�����������������	"H

Cmd> lags <- abs(weeks - weeks') # lags between observations

Cmd> print(lags,format:"4.0f")
MATRIX:
(1,1)    0    2    3    4    5    6 Absolute "lag"
(2,1)    2    0    1    2    3    4 between variables
(3,1)    3    1    0    1    2    3
(4,1)    4    2    1    0    1    2
(5,1)    5    3    2    1    0    1
(6,1)    6    4    3    2    1    0

Cmd> lags <- triupper(lags),pack:T);print(lags,format:4.0f")
lags: Upper half of preceding, including diagonal
 (1)    0    2    0    3    1    0    4    2    1    0    5    3
(13)    2    1    0    6    4    3    2    1    0

Cmd> rupper <- triupper(r,pack:T); print(rupper,format:"8.4f")
rupper: Upper half of r, including diagonal
 (1)   1.0000   0.7076   1.0000   0.4592   0.8900   1.0000
 (7)   0.5437   0.8742   0.8812   1.0000   0.4924   0.6768
(13)   0.7896   0.8031   1.0000   0.5021   0.8349   0.8478
(19)   0.9193   0.8956   1.0000

Cmd> r1 <- rupper[lags == 1]  # 4 lag 1 correlations

Cmd> r2 <- rupper[lags == 2]  # 4 lag 2 correlations

Cmd> r3 <- rupper[lags == 3]  # 3 lag 3 correlations

Cmd> r4 <- rupper[lags == 4]  # 2 lag 4 correlations

Cmd> r5 <- rupper[lags == 5]  # 1 lag 5 correlation

r1
������������>�����		���������r2������������>������		���������HHHH

25

Statistics 5401                                                   Lecture 23                                                 October 31, 2005

Cmd> list(r1,r2,r3,r4,r5)
r1              REAL   4    
r2              REAL   4    
r3              REAL   3    
r4              REAL   2    
r5              REAL   1    %��&��� ���������		������������ ���������		���������HHHH
Cmd> meanlaggedr <- vector(sum(r1)/4, sum(r2)/4, sum(r3)/3,\

sum(r4)/2, r5)

Cmd> meanlaggedr # average correlations
(1)     0.86747     0.82268     0.66123     0.68932     0.49237

Cmd> lineplot(1,meanlaggedr,ymin:0,ymax:1,xlab:"Lag (Weeks)",\
ylab:"Correlation", title:"Average correlation vs lag",\
xticks:run(5))

�����	�������&����Y��������������	 �����������������H
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'�	�Y�>�����������>���&��������H
%�	���	������������B��	�������
?����	����	������������� ����

y�������	H=�������&�����	���	������>����	�����&>��������G��������	�
Cmd> Y <- vector(y) #

Cmd> GROUP <- factor(rep(group,p))

Cmd> WEEKS <- factor(rep(run(p),rep(N,p)))����������&������	��	���G����
M>���������N

Cmd> SUBJECT <- factor(rep(run(N),3)) # 1 to N three times

Cmd> list(Y,GROUP, WEEKS,SUBJECT)
GROUP           REAL   90    FACTOR with 3 levels
SUBJECT         REAL   90    FACTOR with 15 levels
WEEKS           REAL   90    FACTOR with 6 levels
Y               REAL   90   

Cmd> anova("Y=GROUP + E(GROUP.SUBJECT) + WEEKS + WEEKS.GROUP",\
fstat:T) # Split plot anova

Model used is Y=GROUP + E(GROUP.SUBJECT) + WEEKS + WEEKS.GROUP
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1  2.8133e+07  2.8133e+07  3201.99930     < 1e-08
GROUP          2       18548        9274     1.05552     0.37821
ERROR1        12  1.0543e+05      8786.2    16.19444     < 1e-08
WEEKS          5  1.4255e+05       28511    52.55046     < 1e-08
GROUP.WEEKS   10      9762.7      976.27     1.79944    0.080144
ERROR2        60       32553      542.54

� ��� + +++ 6 666 - --- �%��	GROUP
���� ���%��	�	����

����	�H
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