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Multiple Comparisons, Repeated Measures, Quadrature
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data repeated;
input id @;
do time=0 to

input y @;
output;

end;
cards;

301
305
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307
308
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311

2.
.86
.84
.30
.73
.40
.79
.73

NDNWEFE WDN P

07

W EFELPNEFEDNMNDNDNPRE

.58
.09
.13
.03
.67
.16
.82
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P NWRNR PR

.84
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.38
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.06
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.62
.60
.21
.24
.29
.61
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proc glm data=repeated;

class time;

model y = time;

Ismeans time / adjust=dunnett pdiff=control(’0”);
run;

001100000 DunnettOQ

General Linear Models Procedure
Least Squares Means
Adjustment for multiple comparisons: Dunnett

TIME Y Pr > |T] HO:
LSMEAN ~ LSMEAN=CONTROL

0 2.59000000

1 2.10750000 0.2868

2 2.09500000 0.2683

3 2.00750000 0.1624
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proc mixed data=repeated;
class time;
model y = time / ddfm=residual;
repeated time / type=VC subject=id rcorr;
Ismeans time / adjust=dunnett pdiff=control(’07);

run;
0012000000000
R Correlation Matrix for Subject 1
Row coL1 coL2 coL3 coL4
1 1.00000000
2 1.00000000
3 1.00000000
4 1.00000000
0013000000000 DunnettOd
Differences of Least Squares Means
Effect TIME _TIME Difference Std Error DF t Pr>|t] Adjustment Adj P
TIME 1 0 -0.48250000 0.30616143 28 -1.58 0.1263 Dunnett 0.2868
TIME 2 0 -0.49500000 0.30616143 28 -1.62 0.1171 Dunnett 0.2683
TIME 3 0 -0.58250000 0.30616143 28 -1.90 0.0674 Dunnett 0.1624
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proc glm data=repeated;

class id time;

model y = id time;

Ismeans time / adjust=dunnett pdiff=control(’0”);
run;

002100000000000 DunnettdD

General Linear Models Procedure
Least Squares Means
Adjustment for multiple comparisons: Dunnett

TIME Y Pr > |T| Ho:
LSMEAN  LSMEAN=CONTROL

0 2.59000000

1 2.10750000 0.1189

2 2.09500000 0.1073

3 2.00750000 0.0502

PROCMIXED DODOOUOODODOOODOOOODODOOOOOODLDOOOOOODO

proc mixed data=repeated;

class time;

model y = time;

repeated time / type=HF subject=id rcorr;

Ismeans time / adjust=dunnett pdiff=control(*0”);
run;

ob22000000000000

R Correlation Matrix for Subject 1

Row coL1 coL2 COL3 coL4
1 1.00000000 0.44604378 0.49269359 0.51790125
2 0.44604378 1.00000000 0.34194834 0.39242273
3 0.49269359 0.34194834 1.00000000 0.45236522
4 0.51790125 0.39242273 0.45236522 1.00000000
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Differences of Least Squares Means

Effect TIME _TIME Difference Std Error DF t Pr>|t] Adjustment Adj P
TIME 1 0 -0.48250000 0.23037494 21 -2.09 0.0485 Dunnett-Hsu 0.1189
TIME 2 0 -0.49500000 0.23037494 21 -2.15 0.0435 Dunnett-Hsu 0.1073
TIME 3 0 -0.58250000 0.23037494 21 -2.53 0.0195 Dunnett-Hsu 0.0502
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2.Hsu(1992) 000000000000 0Oooooooooo
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Release 6.100 0 0 PROC GLMOOOLSMEANSOOOOOOOO ADJUST=DUNNETT
gooOo0OO0O00000000o000o00 HuOOOOoOoOooooooooooAR() OO
oobooob0O HsuODOOOooOOoooboooooobboooo

proc mixed data=repeated;
class time;
model y = time;
repeated time / type=AR(1) subject=id rcorr;
Ismeans time / adjust=dunnett pdiff=control(’07);
run;

03.1AR(1)000O0O0OODOO

R Correlation Matrix for Subject 1

Row coL1 coL2 COL3 CoL4
1 1.00000000 0.27679862 0.07661748 0.02120761
2 0.27679862 1.00000000 0.27679862 0.07661748
3 0.07661748 0.27679862 1.00000000 0.27679862
4 0.02120761 0.07661748 0.27679862 1.00000000
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03.2ARQ)ODOODO HsuOOOOODOOO DunnettOO

Differences of Least Squares Means

Effect TIME _TIME Difference Std Error DF t Pr>|t] Adjustment Adj P
TIME 1 0 -0.48250000 0.26019292 21 -1.85 0.0778 Dunnett-Hsu 0.1783
TIME 2 0 -0.49500000 0.29400632 21 -1.68 0.1071 Dunnett-Hsu 0.2385
TIME 3 0 -0.58250000 0.30269911 21 -1.92 0.0680 Dunnett-Hsu 0.1575
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goo

proc mixed data=repeated;

class time;

model y = time;

repeated time / type=UN subject=id rcorr;

Ismeans time / adjust=SIMULATE pdiff=control(’07);
run;

04100000000

R Correlation Matrix for Subject 1

Row coL1 coL2 coL3 coL4
1 1.00000000 0.31304700 0.84507324 0.31850774
2 0.31304700 1.00000000 0.09341769 0.56166162
3 0.84507324 0.09341769 1.00000000 0.44463342
4 0.31850774 0.56166162 0.44463342 1.00000000

042000000000000000D0000 Dunnettd O

Differences of Least Squares Means

Effect TIME _TIME Difference Std Error DF t Pr>|t] Adjustment Adj P
TIME 1 0 -0.48250000 0.24828519 7 -1.94 0.0931 Simulate 0.2058
TIME 2 0 -0.49500000 0.13038405 7 -3.80 0.0067 Simulate 0.0162
TIME 3 0 -0.58250000 0.24890295 7 -2.34 0.0518 Simulate 0.1173
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Khl’ = Kih T €ihr, i=1a27 hzla"'ak7 7"=1,...,’I’Lih, (3)

0000000 %, 0000000000000000000000000000000000
00000 A= (f,..., A, A2, ..., i) 000000000k=30000000000000

1 pp 000
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var(p)=o2| ? 7 (4)
0001 pop
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00000000000 00D00000DO00O
100 -1 0 0
L=]/010 0 -1 0 (5)
001 0 0 -1
00000000000 00D0O0O000DOO00
1 pop
Var(Lp) =252 p 1 p (6)
pp 1
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035%00000

k=2 P
v 0 03 05 07 09 1

338 336 331 323 3.06 278
8 |272 270 267 262 251 231
12 | 254 253 250 246 236 2.18
16 | 2.46 245 242 238 229 212
oo |224 223 221 218 211 1.96
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k=3
0 03 05 07 09 1

6 |319 316 3.10 299 280 245
12 | 275 273 268 261 246 218
18 | 262 260 256 250 236 2.10
24 | 256 254 251 244 231 2.06
co | 239 238 235 230 219 1.96

8 313 3.09 302 291 269 231
16 | 278 276 271 262 244 212
24 | 268 266 261 253 237 2.06
32 | 263 261 257 249 234 2.04
oo | 249 247 244 238 224 1.96

p=00000 Studentized Maximum Modulus 00 p=100000000000000000
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data B;
input group $ id $ @;
do time=5 to 8;

input y @;
output;
end;
cards;
Vehicle 001 3.25 3.55 3.44 1.78
Vehicle 003 2.59 2.80 4.18 2.63
Vehicle 004 3.09 3.29 2.05 1.28
Vehicle 007 2.66 2.86 2.27 1.82
Vehicle 008 2.84 2.43 2.36 2.30
Vehicle 009 2.01 2.86 1.84 2.50
Vehicle 010 3.22 3.36 2.80 2.26
Vehicle 011 3.16 3.85 3.42 1.93
D+P(H) 301 2.07 1.58 1.84 2.06
D+P(H) 305 1.86 2.09 1.76 2.43
D+P(H) 306 2.84 2.13 1.62 1.62
D+P(H) 307 3.30 2.03 2.88 2.60
D+P(H) 308 1.73 1.67 1.151.21
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D+P(H) 309 3.40
D+P(H) 310 2.79
D+P(H) 311 2.73

proc mixed data=B;

2.16 3.20
1.82 2.38
3.38 1.93

2.24
1.29
2.61

class group time id;

model y = group(time) / ddfm=residual;
repeated time / type=cs subject=id RCORR;
Ismeans group(time) / corr slice=time;

run;
051000000000a
Least Squares Means
Level LSMEAN Std Error DDF T Pr > |T]
GROUP(TIME) D+P(H) 5 2.59000000 0.20761292 56 12.48 0.0001
GROUP(TIME) Vehicle 5 2.85250000 0.20761292 56 13.74 0.0001
GROUP(TIME) D+P(H) 6 2.10750000 0.20761292 56 10.15 0.0001
GROUP(TIME) Vehicle 6 3.12500000 0.20761292 56 15.05 0.0001
GROUP(TIME) D+P(H) 7 2.09500000 0.20761292 56 10.09 0.0001
GROUP(TIME) Vehicle 7 2.79500000 0.20761292 56 13.46 0.0001
GROUP(TIME) D+P(H) 8 2.00750000 0.20761292 56 9.67 0.0001
GROUP(TIME) Vehicle 8 2.06250000 0.20761292 56 9.93 0.0001
052000000000
CORR1 CORR2 CORR3 CORR4 CORR5 CORR6 CORR7 CORRS8
1.00 -0.00 0.30 0.00 0.30 0.00 0.30 0.00
-0.00 1.00 -0.00 0.30 0.00 0.30 -0.00 0.30
0.30 -0.00 1.00 0.00 0.30 0.00 0.30 0.00
0.00 0.30 0.00 1.00 0.00 0.30 0.00 0.30
0.30 0.00 0.30 0.00 1.00 0.00 0.30 0.00
0.00 0.30 0.00 0.30 0.00 1.00 0.00 0.30
0.30 -0.00 0.30 0.00 0.30 0.00 1.00 0.00
0.00 0.30 0.00 0.30 0.00 0.30 0.00 1.00
053000000000 0000000
Tests of Effect Slices
Effect Slice NDF  DDF F Pr>F
GROUP(TIME) TIME 5 1 56 0.80 0.3751
GROUP(TIME) TIME 6 1 56 12.01 0.0010
GROUP(TIME) TIME 7 1 56 5.68 0.0205
GROUP(TIME) TIME 8 1 56 0.04 0.8521

TIME=6 0 00O F=12.01, p=0.0010 D OOO00OOO0DOOO
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data mult_t;
k = 4;
t = sgrt(12.01);
rho = 0.30;
nu = 56;
array lambda{4};
do i=1 to k;
lambda{i} = sqgrt(rho);
end;
p =1 - probmc("DUNNETT2", t, ., nu, k, of lambdal-lambda4);
put p= 6.4;
run;

P=0.0040

TIME=6 OOCOO pO0 OO001I00C0O0O0CODODOOODOOOOD pOO 00040000
goooDoOoOoOo0oOoo3obobobOOopooOoDoOOBonferroniCO0OOOOOOOOOFrison
and Pocock(1992) 0 100 0000000000000 OOvisitOOOODO 06-0800000
0000000000000 000000 BonferroniD0O00000OD0O0OOOOOOO
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