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[Abstract]

implementation related to the factorial design quantitative data multivariate analysis of variance (MANOVA). Basic concepts included

The purpose of the paper was to introduce the basic concepts, calculation methods, two examples and SAS

interaction, factorial design, factorial design with block factor and fractional factorial design. Calculation methods involved the
general statistics and test statistics. The two examples were respectively related to the influence of extrusion degree and additive
dosage on its performance in the process of manufacturing plastic film and searching for the optimal process conditions of extruded
plastic film. With the help of SAS software, MANOVA was carried out on the quantitative data in two examples, and how to determine
the final analysis of variance model was discussed.
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Table 1~ Multivariate analysis of variance for quantitative data

of two factor factorial design
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Table 2 Effect of extrusion degree and additive dose on plastic film

PRIRE AR PO PIHEJ)s R
1 1 6.5 9.5 4.4
1 1 6.2 9.9 6.4
1 1 5.8 9.6 3.0
1 1 6.5 9.2 4.1
1 1 6.5 9.2 0.8
1 2 6.9 9.1 5.7
1 2 7.2 10.0 2.0
1 2 6.9 9.9 3.9
1 2 6.1 9.5 1.9
1 2 6.3 9.4 5.7
2 1 6.7 9.1 2.8
2 1 6.6 9.3 4.1
2 1 7.2 8.3 3.8
2 1 7.1 8.4 1.6
2 1 6.8 8.5 3.4
2 2 7.1 9.2 8.4
2 2 7.0 8.8 5.2
2 2 7.2 9.7 6.9
2 2 7.5 10. 1 2.7
2 2 7.6 9.2 1.9
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Table 3 Plastic film test data

- Y, Y, Y, Y, Y, Y, Y, Y, Y, Y, Y, Y,
A, AR HAR AR P AT P, AR

1 6.5 9.5 4.4 6.9 9.1 5.7 6.7 9.1 2.8 7.1 9.2 8.4

2 6.2 9.9 6.4 7.2 10.0 2.0 6.6 9.3 4.1 7.0 8.8 5.2

3 5.8 9.6 3.0 6.9 9.9 3.9 7.2 8.3 3.8 7.2 9.7 6.9

4 6.5 9.6 4.1 6.1 9.5 1.9 7.1 8.4 1.6 7.5 10. 1 2.7

5 6.5 9.2 0.8 6.3 9.4 5.7 6.8 8.5 3.4 7.6 9.2 1.9
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data al;
input A BY1-Y3 @@;
cards;

1 6.5
5.8
6.5

9.5 44 11 6.2 9.9 6.4
9.6 3.0 1 1 6.5 9.2 4.1
9.2 0.8 1 2 6.9 9.1 5.7
7.2 10.0 2.0 1 2 6.9 9.9 3.9
6.1 9.5 1.9 1 2 6.3 9.4 5.7
6.79.1 228 2 1 6.6 9.3 4.1
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21 7.2 83 3821 71 84 1.6

21 6.8 85 3.4 2271 9.2 8.4

2 2 7.0 8.8 52 22 7.2 97 6.9

22 7.5 10.1 227 2 2 7.6 9.2 1.9

run;
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data a2;

do block=11t05;

do A=11t02;

do B=11t02;

input Y1-Y3 @@;

output;

end;end;end;

cards;

6.5 9.5 4.4 6.9 9.1 5.7 6.7 9.1 2.8
7.1 9.2 8.4

6.2 9.9 6.4 7.2
4.1 7.0 8.8 5.2
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6.5 9.6 4.1 6.1 9.5 1.9 7.1 8.4 1.6
7.5 10.1 2.7

6.5 9.2 0.8 6.3 9.4 5.7 6.8 8.5 3.4
7.6 9.2 1.9

10.0 2.0 6.6 9.3
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proc glm data=al ;

class A B;

model Y1-Y3=A B A*B/ss3 nouni;

manova h=_all_;
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run;quit;

[SAS iy &5 5 % f e IR AT 75, Wilks'A=
0. 404, F=6. 890, 4+ Fl 53 B: 0 A 1 B 4351k 3 il
14, P=0. 004, Ui, B i1 3 /1> 2 S 16 A 2H s 1 34 4 1) dt
TER 2 A BIPIASIK 4 2 [ 22 A et X
TR & B & , Wilks'\=0. 500, F=4. 660, 431 143
BEAY E RS> 51 3 114, P=0. 019, BB i1 3 > &
AR AR AL A SAE ] A R B B AN K4 22 ]

4

22 S A GBS RR R A HEE B ZH AL
HAEH TS, WilksA=0. 808, F=1. 110, 4> T F1 43+
9 A3 K 3 14, P=0. 378, Ui T IR A A2
HAERRN GG

ANFH G 2R Z W W58 BAEH s 2
SASH PR TN -

proc glm data=al;

class A B;

model Y1-Y3=A B /ss3 nouni;

manova h=A B;

means A B;

run;quit;
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class block A B;

model Y1-Y3=block A B A*B/ss3 nouni;

manova h=_all_;

run;quit;
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proc glm data=a2; /*%f 2 KR FH glm i F2 */

class A B;

model Y1-Y3=A B A*B/ss3 nouni;

manova h=_all_;

run;quit;
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class A B;
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run;quit;

[SAS i H 25 B K S B I IR AT &, Wilks A=
0.387, F=7.930, 5+ ¥ Fl 53 B: 09 A B B 4351k 3 il
15, P=0. 002, Ut I By 3 /> 2 s 5 A 2H 1l 1 340 41 1)
FE 2 A BIPIASKF- 2Z [)  25 58 Geit 243 X

PP 2 B 5, WilksA=0. 554, F=4. 030, /3 ¥ #1453
BER A b EEA> 918 3 F 15, P=0. 028, BEHA 1 34 &
AR ARALA A 0] B AE R R B AN K2 22 (1]
ERAGIHEE L,

Arf F X B SAS A8 7 19 model 3 /41) H 14 32 35T
nouni MR , 5L AT i th— o 20T A . TRk
W HEARBHE R BXTY, 2B G2 3, %
) PAESY 3R P<0. 001 55 P=0. 015; K & A %} Y, 1Y
A G 2E 5 M2 BXT Y, 52 o 4e 12
=, PAE 58 0. 017 F10. 0885 K & A Fil
K2 B XY, 520 ) TCGE 124 5 5, %R 1Y) PAE Y
W 0. 751 F10. 287,

(4518 1 2 A 5 % B 34N & B8 bR 2H 1
{14 349 (I ) 28 R MR X A8 B2 8 S, X 2 AR
Z IR A2 BRI LA B DX 40 256 34 2 b dR b2
A A 0] it 5% ) 2 TR e 2 R S — o7 22
SIHTEE R AT, XA 1) s AT 2 007 225 B i 2
REBRIMAEY, Lo kB Y, b, e %
A 4R L Y R BUEAR AR AE H /N

4 WIRHING

4.1 e

Lz VS R i R e < S e g P s
PRI, 251000 o 2 () 1Y 5C R A > T H R R 2K F
B &K Z YOG R K AT A e 2R 1 4
BB AZ XS 4 8 A B AL 34 73 AR . A
AR IFARIR KT, BRI R T BEALAG 34107 1,
AR ME PR IE A5 1056 2 32 0T 52 B AR I i Y i 1
— A R = A B R R T R R R B A S Y
XN, Jebs 4R 3z i 4 R 43 20 e AT BT & 1 X
2, TR A X2 P ) B2 AR 5 58 A Bl ML S 53 A
Ak g 2 b, BSR4 DA 2R 8 b B s T o
R

TEFEATI5 2250 A ), — e e e I e ik g 15 1 e
R S5 22 5 AT B R R A T 108 7 07 22 3 Ar 45 41
R TG R L H PR T 0. 05 A9 344 K 2]
I 32— DN T 26 53 TS A0 b B3, 380 O 2547
B A AU L B T ke i A R I AT e 2 i S
ko —JCH 20 W= 2 o0 7 22 3 AT Al A OCHT
PRI 3 R0 43 20T PR R T i Bk — 0 5 22 53 AT 1)
Y5, nI S5 SCHk[8-9 ] .

4.2 INEE
ARCAE T S5 T E s R 2 o0 2547
5



http : //www. psychjm. net. cn

PUJIRS i B2E 2023 AR5 36 5 S1H

Brf G BEARME S TH 57 1% LA S5 ] S L SAS
S, FEARMES AL BAEH AT A XA
PR 22 AT PR 3 R 0 b PR 5 AR i s —
M 8 1 ARG 30 GE T 5 5 A S 48] 40l v < ) i
SRR R 2 AR R B R AR I 50 50 ek L i Y
SENR AN AR R IR G W i T A S
ZICERYR, FET SAS LT M N % X
R Z BT R E ORI 2 o0 22 08T, 9T
W T AEMTRIBE T 388 i X4 R 2R 9 S, LA R ]
T 28 B 5 26 A AT AR B 1Y) 7 1 o

S22 3k

(1] SARE, miE, 22K°0, & BRSOt S5t M]. dbst
TR PR AL, 2012: 228-264.

Hu LP, Gao H, Li CP, et al. Scientific research design and
statistical analysis[ M ]. Beijing: Military Medical Science Press,
2012: 228-264.

[2]  Montgomery DC. Design and analysis of experiments [M]. 6 Ji .
Jest: NTRHEHS H A, 2007 203-264, 282-346.
Montgomery DC. Design and analysis of experiments [M]. 6"
edition. Beijing: Posts & Telecom Press, 2007: 203-264,
282-346.

[3] Dean A, Voss D. Design and analysis of expcrimcnts[M]. |
AR A F], 2010 387-420, 483-546.

Dean A, Voss D. Design and analysis of experiments [M].

Beijing: World Book Publishing Company, 2010: 387-420,

(8]

483-546.
Wilks SS. Certain generalization in the analysis of variance []].
Biometrika, 1932, 24(3-4): 471-494.
Rao CR. An asymptotic expansion of the distribution of Wilks'A
criterion [J]. Bull Inst Internat Statist, 1951, 33 (Part II) :
177-180.
BRI e [ e (B)IRER TS 2 ocse it i
[M]. b5t AR B, 2012: 401-446.
Hu LP. Problem—oriented statistics: (3) experimental design and
multivariate statistical analysis [M]. Beijing: People’s Medical
Publishing House, 2012: 401-446.
SAS Institute Inc. SAS/STAT®15.1 user’s guide[ M ]. Cary, NC:
SAS Institute Inc, 2018: 3957-4142.
WAL, W RS T IERRIE T 2504 - AT B E B RORE
—ICJT 2200 T 5 SAS SEBLLT ). PO JIDRS i T4, 2022, 35(3)
207-211.
Hu CY, Hu LP. How to use analysis of variance correctly: an
analysis of variance for the univariate quantitative data collected
from the factorial design[J]. Sichuan Mental Health, 2022, 35
(3):207-211.
[ ECUT R 2 S O (1 N R (B2 S = i e S ek
BERL—IC )y 253 H S SAS SEBLLT L. MUK R TR, 2022, 35
(3): 212-216.
Hu CY, Hu LP. How to use analysis of variance correctly: an
analysis of variance for the univariate quantitative data collected
from the fractional factorial design[J]. Sichuan Mental Health,
2022, 35(3): 212-216.

(SR H #91:2023 -03 - 19)

ORSCHEBr 72



