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	treat1 
	treat1 
	treat1 
	treat1 
	treat2 
	treat2 
	treat2 
	treat2 
	treat2 
	treat2 
	T2.
value 
	V12 
	t1.
value 
	t2.
value 
	tmaxabs.
value 
	tmax.
value 

	1 
	50.00 
	5.00 
	60.00 
	4.00 
	30.00 
	7.00 
	34.00 
	8.00 
	40.00 
	6.00 
	15.00 
	5.00 
	3.85 
	-3.00 
	3.85 
	3.85 

	2 
	40.00 
	6.00 
	60.00 
	4.00 
	30.00 
	7.00 
	34.00 
	8.00 
	50.00 
	5.00 
	1.50 
	0.50 
	1.11 
	-1.22 
	1.22 
	1.11 

	3 
	40.00 
	6.00 
	50.00 
	5.00 
	30.00 
	7.00 
	34.00 
	8.00 
	60.00 
	4.00 
	0.60 
	0.20 
	0.29 
	-0.52 
	0.52 
	0.29 

	4 
	34.00 
	8.00 
	60.00 
	4.00 
	30.00 
	7.00 
	40.00 
	6.00 
	50.00 
	5.00 
	9.00 
	3.00 
	0.57 
	0.00 
	0.57 
	0.57 

	5 
	34.00 
	8.00 
	50.00 
	5.00 
	30.00 
	7.00 
	40.00 
	6.00 
	60.00 
	4.00 
	2.14 
	0.71 
	-0.10 
	0.52 
	0.52 
	 (
10
種
組合
)0.52 

	6 
	34.00 
	8.00 
	40.00 
	6.00 
	30.00 
	7.00 
	50.00 
	5.00 
	60.00 
	4.00 
	2.14 
	0.71 
	-0.83 
	1.22 
	1.22 
	1.22 

	7 
	30.00 
	7.00 
	60.00 
	4.00 
	34.00 
	8.00 
	40.00 
	6.00 
	50.00 
	5.00 
	0.60 
	0.20 
	0.29 
	-0.52 
	0.52 
	0.29 

	8 
	30.00 
	7.00 
	50.00 
	5.00 
	34.00 
	8.00 
	40.00 
	6.00 
	60.00 
	4.00 
	1.50 
	0.50 
	-0.37 
	0.00 
	0.37 
	0.00 

	9 
	30.00 
	7.00 
	34.00 
	8.00 
	40.00 
	6.00 
	50.00 
	5.00 
	60.00 
	4.00 
	9.00 
	3.00 
	-2.37 
	3.00 
	3.00 
	3.00 

	10 
	30.00 
	7.00 
	40.00 
	6.00 
	34.00 
	8.00 
	50.00 
	5.00 
	60.00 
	4.00 
	15.00 
	5.00 
	-1.24 
	0.52 
	1.24 
	0.52 



	
	F 
	tmaxabs 
	tmax 

	p-value 
	0.20 
	0.10 
	0.10 




這是修”無母數”課程時，的課本例題，
因為sas無法提供整體的p值
但能提供個別的F值、tmaxabs值、tmax值，
所以只能將所有的F值、tmaxabs值、tmax值跑出，再將P值求出

自己用R寫出的程式將所有組合輸入，即可求出整体的P值以及所有個別的F值、tmaxabs值、tmax值(因為還沒想出如何將所有組合列出的程式，所以得手輸入所有組合)

R程式在檔名”CHAPTER 6 R-無母數 -T2_F_tmaxabs_tmax~table6.1.2 p197p199.txt”裡

SAS程式(跑出個別值)-(大陳怡如老師提供的程式)
DATA HOTEL;
  INPUT TREAT Y1 Y2;
  CARDS;
  1 50 5
  1 60 4
  2 30 7        10種組合，重複輸入10種組合，跑出各別的值(或用迴圈方法)
  2 34 8
  2 40 6
  ;
PROC GLM;
  CLASS TREAT;
  MODEL Y1 Y2=TREAT;
  CONTRAST 'TREAT 1 VS TREAT 2' TREAT 1 -1;
  MANOVA ;
RUN;
PROC TTEST;
  CLASS TREAT;
  VAR Y1 Y2;
PROC MULTTEST DATA=HOTEL PERM N=10;
  CLASS TREAT;
  CONTRAST 'TREAT 1 VS TREAT 2' 1 -1;
  TEST MEAN(Y1-Y2);
PROC MULTTEST DATA=HOTEL PERM N=10;
  CLASS TREAT;
  CONTRAST 'TREAT 1 VS TREAT 2' 1 -1;
  TEST MEAN(Y1-Y2/UPPER);
RUN;
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6.1.] Notation and Assumptions

Assume we have m experimental units for treatment 1 and n for treatment 2, and
each experimental unit has k response variables. The units are assumed to be se-

lected at ranggm% t:g(oé; two populations. The vector of observations for the two
treatments are de ”o ed as

Treatment 1: X" = (X1, X0 ..o Xp), i=1 ..y m
Treatment 2: Y’ = (Y, Yy, oo %) i=1, ..on

The Vé:]céors of sample means are given by HrEAR g i:‘:iig&

B Treatmentl:}?’=(fl,)_(2, ...,Xk)
Treatment 2: 17'=(71, Y, ... I7k)

The covariance between the uth and vth response variables on treatment 1 is

m

Z(Xiu - Xu )(Xiv - Xv)

— =l
CXuv .

m—1

The covariance Cy,, between the uth and vth response variables on treatment 2 is
defined in the analogous way. The pooled covariance is

C = (m - 1)CXuv + (n - 1)C‘Yuv
m+n—2

uv

Finally, we let C = [C,,] denote the k X k matrix of pooled covariances.
A common multivariate statistic for comparing two treatments is Hotelling’s T*
defined by

mn o o\l o
T2=m+n(X—Y)C‘(X—Y)

If the obsg;rvations are selected randomly from?nultivariate normal populations in
which the covariance matrices are the same for the two populations, and if there are
no differences between the means of the distributions, then the statistic

‘%ﬁk@l@ﬂﬁﬁ’ _m+n—k-1_,
9fa-T L T __F_(m+n—2}kT

has an F-distribution with degrees of freedom k and m + n — k — 1. The null hypoth-

esis being tested is %ﬁ% @,ﬁi Bdp %+

Hy: By =Wy, j=1 . k
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where Wy; and Wy, are the population means for the jth response in treatments 1 and
2, respectively. The alternative hypothesis is that at least one population mean for
treatment 1 is not the same as the corresponding population mean for treatment 2./If
the assumption of normality is not acceptable, then one may carry out a permuta1
tion test using 72 or F. %0

612 The Permutation Vergséon of Hotelling’s T2 4% g & @ onl ¥4 &H
ETER
In a two-sample multivariate permutation test, multivariate vectors are permuted
between treatments in the same way that individual observations are permuted be-
tween treatments in a univariate two-sample permutation test. This is illustrated in
the following example.

EXAMPLE 6.1.1 Table 6.1.2 is a display of the ten possible permutations of the bivariate vectors in
Table 6.1.1 and the corresponding F statistics. The F statistic for the original data is
5.00. Two values of F are this large or larger among the ten possible permuted data
sets. Thus, p = .20. If we assume that the observations are from a normal distribu-
tion, then the F statistic has an F-distribution with degrees of freedom 2 and 2. The
p-value based on this F-distribution is .17. Walles” Lam b ¢

TABLE 6.1.1
Data to Illustrate a Multivariate Permutation Test

Treatment 1 (50, 5) (60, 4)
Treatment 2 (30, 7) (34, 8) (40, 6)
;i% #EY 2k
% TABLE 6.1.2 2 3 2 Sk 2Bl

‘ . ) (mtn-nE " (243-2)2
0 Permutation F-Test for Data in Table 6.1.1; F = (m + n —k -1)T*(m + n — 2)k

Permutation Treatment 1 Treatment 2 F
. (50,5) (60,4) ~ ~(30,7) (34,8) (40,6) (50 [-= ;' 17
2 (50,5) (30,7) (60,4) (34,8) (40,6) 0.5
3 (50,5) (34,8) (60,4) (30,7) (40,6) 0.7
4 (50,5) (40,6) (60,4) (30,7) (34,8) 0.2
5 (60,4) (30,7) (50,5) (34,8) (40,6) 0.2
6 (60,4) (34,8) (50,5) (30,7) (40,6) 3.0
7 (60,4) (40,6) (50,5) (30,7) (34,8) 0.5
8 /(30,7) (34,8) (50,5) (60,4) (40,6) 3.0
9 (30,7) (40,6) (50,5) (60,4) (34,8) 5.0
10 (34,8) (40,6) (50,5) (60,4) (30,7) 0.7
Lo BAR  Hrsy fRE - -

EHIANBAY -
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6.1.3 Other Multivariate Statistics

Other statistics besides Hotelling’s 72 are appropriate for multivariate data. We
consider two permutation tests that are based on the computation of the  statistic
for each of the response variables. Let

€ - (h= 1Sy + (M- S5 4+ - + (he-1) Sg .
J 1 1)
Cl—+=
”(m n

g h-1)4 eet) 4 ==+ (he-1) " Sp
denote the two-sample 7 statistic for testing for a difference between treatments 1
and 2 on response variable j, j = 1, 2, . . ., k. For instance, if height and weight are
the two response variables, then we would have a 7 statistic for comparing the
heights of the two groups and a # statistic for comparing the weights. Note that C;; is
the usual pooled sample variance obtained on the data from the jth response vari-
able. The statistics that we consider are (1) the maximum of the absolute values of
the 7 statistics and (2) the maximum of the one-sided 7 statistics. We denote these as

tnaxabe ™= ma.x(lt1 , tzl, e tkl) _ 2 test
toax =Max(fy, by, oy 1) — T [ o5t
The 7, . Statistic is a two-sided test statistic in which the direction of the dif-

ferences between means is not specified. The 7, statistic is for an upper-tail, one-
sided test. It would be appropriate if we wish to detect whether or not the means of
the responses for treatment 1 are greater than the means of the corresponding re-
sponses for treatment 2. Multivariate one-sided tests were proposed by Boyett and
Shuster (1977) in the context of medical applications. Blair and colleagues (1994)
showed that one-sided multivariate tests enjoy substantial power advantages over
Hotelling’s 72 test under certain conditions.

Let #(0) 0y a0 denote the critical value of 7, ,, ... for a test at level of significance
o obtained from the permutation distribution. If the observed value of 7., .. is
greater than or equal to #(01),,,, . then we can assert at level of significance o that
the treatments are different. We may also obtain the p-value as the fraction of the
permutation distribution that is greater than or equal to the observed value of
Lax abs- 1O determine which variables differ between treatments, we can assert that
the treatments differ significantly on the jth response variable if |tj| 2 1(00),ax abs- ThiS
procedure controls the experiment-wise error rate in the sense that if there are no

differences between the means of the responses for the two treatments, then

P[at least one It j| 2 £(0) o abs] = P[tmax abs 2 1(00) ﬂbs] =a
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We may also obtain a p-value for the jth variable as the fraction of the permutation
distribution that is greater than |¢|. Similar considerations apply to the test statistic
I3

max*

EXAMPLE 6.1.2  Table 6.1.3 shows 7, .. and 7., for the ten permutations of the data in Table 6.1.2.
The largest value for both 7., . and 7, is 3.85, which occurs with the original ob-
servations. Thus, p = .10 in testing for differences between treatments using either
the two-sided test or the upper-tail, one-sided test. Since #, = 3.85 and t, = -3.00,
both the two-sided test and the upper-tail, one-sided test show that treatment 1 dif-
fers from treatment 2 on the first response variable at the 10% level of significance
but not on the second variable.

TABLE 6.1.3
Permutation Distributions for 7, ., and 7., Based on Permutations in Table 6.1.2

. . |72
] ,;r:Pr 7’/,‘?{3,%4_“,‘10 Permutation 1) 1 ) [
S 1% 3.85 -3.00 385 3.85
U 2 ~0.37 0.00 0.37 0.00
e s> 3 ~0.10 0.52 0.52 0.52
o
5.3 4 0.29 ~0.52 0.52 0.29
NP 5 0.29 ~0.52 0.52 0.29
)réor (3! 23383
(=14 (31) 6 0.57 0.00 0.57 0.57
K- 310 7 111 “1.22 1.22 L1
o - =384 .
[35.52% 083 8 237 3.00 3.00 3.00
9 ~1.24 0.52 1.24 0.52
10 ~0.83 1.22 1.22 1.22
g3 18C 9 fgars g T
2 F= 4 2t

EXAMPLE 6.1.3  An animal scientist obtained pH measurements on beef carcasses that had been
subjected to one of two treatments. Six carcasses received each'tieatment. For each
carcass, the pH measurements were made six times, with the objective being to
compare the treatments across time. The data are shown in Table 6.1.4. The ¢ statis-
tics for the six times are t, = 0.25, t, = 1.37, 1, = 6.66, t, = 3.31, t; = 2.39, t, = -0.87.
It was expected that treatment 1 would have higher pH levels than treatment 2, so a
one-sided test is appropriate. The estimated p-value for the observed value of 7., =
6.66 is .002 based on 5000 randomly selected permutations. Table 6.1.5 displays
critical values for 7, based on 5000 randomly selected permutations. Comparing
the observed ¢ statistics with the critical values of #,,,, in this table, we find that p <
.01 for time 3, p < .025 for time 4, and p < .10 for time 5. owonld
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