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How to use analysis of variance correctly——an analysis of variance for the

univariate quantitative data collected from the crossover design
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[Abstract] The purpose of the paper was to introduce the calculation formulas and the SAS implementation of the analysis of
variance for the quantitative data of the crossover design. In the calculation, three test statistics were involved, namely F, ... F, ..
and F, . ..... They were three test statistics used to evaluate the statistical significance of the effect of the treatment factor, the stage
factor, and the individual factor on the quantitative outcome variable, respectively. In general, it was assumed that there was no or
negligible interaction among the three factors in a crossover design, so there was no need to evaluate whether the interaction term was
statistically significant. With the help of SAS software, this paper conducted the univariate analysis of variance for the quantitative
data of crossover designs for three examples of 2X2 crossover design, 3X3 crossover design and three—stage crossover design, and
presented the calculation results and drew the statistical and professional conclusions.
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2 1 A 145 B 125 C 130
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4 2 A 194 C 208 B 160
5 3 B 184 A 192 C 176
6 3 B 140 A 150 C 150
7 4 B 136 G132 A 138
8 4 B 145 C 154 A 166
9 5 C 206 A 220 B 210
10 5 C 160 A 180 B 145
11 6 C 190 B 145 A 160
12 6 C 180 B 180 A 208

I i) 5L T RE(E
Fsf 1 < 1 2 3
1 B3.1 A2.8 B2.1
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data abc;
do block=1 to 16;
do time=1 to 2;
input treat § Y @@;
output;
end;
end;
cards;
A2.5B2.0B2.2A29
A2.3B1.6 B3.0 A3.3

B2.1 A2.8 A3.0B2.6
A3.8B3.2B1.9 A2.0
run;

proc glm data=abc;

class treat time block ;

model y=treat time block/ss3;

means treat;

run;
quit;
[SASHih 25 5 e fit i ]
¥15 F
0.761 783 09 29. 68
0. 025 669 64
¥y F
2.257 812 50 87. 96
0.007 812 50 0.30
0.712 312 50 27.75

ANH BRI 22500 5, Bt K K (time ) A1, 575
MNHRZBHRA G T 2FE L, v LUE B pg i FE A R
RO B B R A 2R (time) 5 B 82 4772 7, 45 2 40

T4
5 F
0. 808 906 25 33.04
0.024 479 17

Pr>F
<0.000 1

Pr>F
<0.000 1

0.5899
<0.000 1

Pr>F
<0.000 1
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data abc;

do block=1 to 12;

do time=1 to 3;

input treat § Y @@;

output;

i FIHR -5 A
FEEAY 15 20 699. 750 00
R 20 2775.22222

KIEATH 35 23474.97222

i H 11144 SS
treat 2 2 460. 722 22
time 2 293. 388 89
block 11 17 945. 638 89

A b 55— A8 - 1 A S 52 SUT5 22 93 BT R A 1)
HHE LR F=9. 95, P<0. 000 1, 15 B %0 2 H A7
it L.

A b 55 AR At A g2 52 SCBETHRR Hh Y =
ANPIR 7 2250 B 3L Bt ) [ & (time) 4, 55
PSR e it 5 S mTLAAE L i o R 46
2 5 o I B B 8] B2 (time) S5 5 BT 32 AT T Y
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5 F
2.257 81250 92.23
0.712312 50 29. 10

end;

end;

cards;

A 174 B 146 C 164
A 145B 125 C 130
A 192 C 150 B 160
A 194 C 208 B 160
B 184 A 192C 176
B 140 A 150 C 150
B 136 C 132 A 138
B 145 C 154 A 166
C 206 A 220B 210
C 160 A 180 B 145
C 190 B 145 A 160
C 180 B 180 A 208
run;

proc glm data=abc;

class treat time block ;

model y=treat time block/ss3;

run;

quit;
[ SAS i H 235 T R i e ]
Y7 F
1379. 983 33 9.95
138.761 11
W7 F
1230.361 11 8.87
146. 694 44 1.06
1631.42172 11.76

proc glm data=abc;
class treat block ;

model y=treat block/ss3;
means treat;

means treat/tukey ;

run;

quit;

[ SAS i M 235 T B i g ]

Pr>F
<0.000 1
<0.000 1

Pr>F
<0.000 1

Pr>F
0.001 7
0.366 1

<0.000 1
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data abc;

T H il
A 14 16. 772 222 22
R 21 9.597 77778

KIEATT 35 26. 370 000 00
Vi A/ E 17U SS
treat 1 3. 46722222
time 2 0. 781 666 67
block 11 11.296 111 11
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5
1 569. 720 09
139. 482 32

5
1230.361 11
1631.42172

do block=1 to 12;

do time=1 to 3;

input treat § Y @@;

output;
end;
end;

cards;

B3.1A2.8B2.
A4.4B3.7A4.
B1.9A3.6B2.
A3.2B2.7A3.
A3.7B1.6A3.
B1.9A3.6B2.
A4.1B2.7TA2.
B1.1A1.5B2.
B2.3A1.9B3.
A1.1B1.7A3.
B3.5A3.5B2.
A2.4B1.7A3.

’

run;

[N e S R A IR B (SRR BERS ) B e

proc glm data=abc;

F
11.25

F
8.82
11.70

class treat time block ;

model y=treat time block/ss3;

run;

quit;
[SAS i th 285 R L i e ]
Y75 F
1. 198 015 87 2.62
0.457 037 04
Y5 F
3.467 22222 7.59
0.390 833 33 0. 86
1.026 919 19 2.25

Pr>F
<0.000 1

Pr>F
0.001 5
<0.000 1

Pr>F
0.0225

Pr>F
0.0119
0.4395
0.0533
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