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proc gplot data=rocket;

plot rate * (formulation material operator);

Tun;

Rate vs. Formulation:

rate
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Rate vs. Material:
rate
40
+
"
E 2 H
g +
3 1
+ +
+ +
s +
n
i
e +
LR
"
5z
10 T T T T T
¥ 2 3 4 5
material




Rate vs. Operator:

rate
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SAS statements for Proc GLM:

proc glm data=rocket;
class formulation material operator;
model rate = formulation material operator/solution;
lsmeans formulation/adjust=tukey pdiff;
output out=diags r=residual p=predicted;
run;

The GLM Procedure
Class Level Information

Class Levels Values
formulation 5 ABCDE
material 5 12345
operator 5 12345
Dependent Variable: rate

Sum of
Source DF Squares Mean Square
Model 12 548.0000000 45.6666667
Error 12 128.0000000 10.6666667
Corrected Total 24 676.0000000
Source DF Type III SS Mean Square
formulation 4 330.0000000 82.5000000
material 4 68.0000000 17.0000000
operator 4 150.0000000 37.5000000

/'Jf,f{f
ho (.,(__L,M;/ A é’//%"’ = =

&« ’?‘.'L/f/"//' '/// € (/n /V‘{’_(

[~ /(/
UAh Y
/

F Value
4.28

F Value

7.73
1.59
3.52

Pr > F
0.0089

Pr > F

0.0025

0.2391
0.0404



Standard

Parameter Estimate Error t Value Pr > |t]

Intercept 28.40000000 B 2.35513623 12.06 <.0001

formulation A 2.60000000 B 2.06559112 1.26 0.2321

formulation B -5.80000000 B 2.06559112 -2.81 0.0158 CXK/CZ
formulation C ~3.60000000 B 2.06559112 -1.74 0.1069 JN IS
formulation D 3.80000000 B 2.06559112 1.84 0.0907 e ”ink:(
formulation E 0.00000000 B : . : pa/“‘/" '
material 1 -4,20000000 B 2.06559112 -2.03 0.0647 2
material 2 0.40000000 B 2.06559112 0.19 0.8497 ‘{,/7h,,t)1{7
material 3 -0.40000000 B 2.06559112 -0.19 0.8497 é%>4 f !
material 4 -0.80000000 B 2.06559112 -0.39 0.7053

material 5 0.00000000 B . . .

operator 1 -5.40000000 B 2.06559112 -2.61 0.0226

operator 2 1.80000000 B 2.06559112 0.87 0.4006

operator 3 -2.60000000 B 2.06559112 =1 .26 0.2321

operator 4 -0.80000000 B 2.06559112 -0.39 0.7053

operator 5 0.00000000 B

NOTE: The X’X matrix has been found to be singular, and a generalized inverse
was used to solve the normal equations. Terms whose estimates are
followed by the letter ’B’ are not uniquely estimable.

The GLM Procedure /, //ﬂ
) f ot e
Least Squares Means dﬁégf’/f o a 77 b

Adjustment for Multiple Comparisons: Tukey

LSMEAN N 11~
formulation rate LSMEAN Number 0 &
A 286000000 1 B C £ A D
B 20.2000000 2 I
G4 22.4000000 3 . _ ]
D 29.8000000 4
E 26.0000000 5
Least Squares Means for effect formulation
Pr > |t| for HO: LSMean(i)=LSMean(j)
Dependent Variable: rate

i/j 1 2 3 4 5

1 0.0111 0.0684 0.9754 0.7194

2 0.0111 0.8205 0.0042 0.0944

3 0.0684 0.8205 0.0254 0.4462

4 0.9754 0.0042 0.0254 0.3967

5 0.7194 0.0944 0.4462 0.3967







SAS statements for SAME CARS AND SAME ROUTES:

/*same cars and same routesx/
proc glm data=coemission;

class gas car route square;

model emission=gas car route square;
lsmeans gas;

run;

The GLM Procedure
Class Level Information

Class
gas
car
route
square

Level

S
3

3
3
4

Values

= e
NN
w w w

Dependent Variable: emission

Source
Model
Error

DF
9
26

Dependent Variable: emission

Source

gas
car
route
square

Least Squares Means

gas

es]

emission
LSMEAN

44 ,8333333
51.6666667
47.0000000

DF

W NN

Sum of
Squares
18062.66667
1968.33333

Type III SS

292.66667
6667 .16667
11071.16667
31.66667

Mean Square
2006.96296
75.70513

Mean Square

146.33333
3333.58333
5535.58333

10.55556

F Value
26 .51

F Value

1.93
44 .03
78x12

0.14

Pr > F
<.0001

Pr > F

0.1650
<.0001
<.0001
0.9355



SAS statements for DIFFERENT CARS AND SAME ROUTES:

/*different cars and same routes*/
proc glm data=coemission;

class gas car route square;
model emission=gas car(square) route square;

lsmeans gas;

run;

The GLM Procedure

Class Level Information

Class

gas
car
route
square

Levels

W ww

Dependent Variable:

Source
Model
Error

Corrected Total

Dependent Variable:

Source
gas

car(square)

route
square

The GLM Procedure
Least Squares Means

gas

[oc]

emission
LSMEAN

44 8333333
51.6666667
47 .0000000

Values

[ S S . -
NN N T
w wwa

emission

DF
15
20
35

emission
DF

W N 0N

Sum of
Squares
18078.83333
1952.16667
20031.00000

Type III SS
292.66667
6683.33333
11071.16667
31.66667

Mean Square
1205. 25556
97.60833

Mean Square
146.33333
835.41667

5535.58333 -

10.55556

F Value
12.35

F Value
1.50
8.56

56.71
0.11

Pr > F
<.0001

Pr > F
0.2474
<.0001
<.0001
0.9544



SAS statements for SAME CARS AND DIFFERENT ROUTES:

/*same cars and different routes.*/
proc glm data=coemission;

class gas car route square;
model emission=gas car route(square) square;

lsmeans gas;
run;

The GLM Procedure

Class Level Information

Class Level
gas

car

route

square

The GLM Procedure

Dependent Variable:

Source
Model
Error
Corrected Total

Source

gas

car
route(square)
square

Least Squares Means

emission
gas LSMEAN
A 44 .,8333333
B 51.6666667

C 47.0000000

S

W ww

Values

el =
NN N W
w wwaon

emission

DF
15
20
35

DF

w NN

Sum of
Squares
18072.83333
1958.16667
20031.00000

Type III SS
292.66667
6667 .16667
11081.33333
31.66667

Mean Square
1204 .85556
97.90833

Mean Square.

146.33333
3333.58333
1385.16667

10.55556

F Value
12.31

F Value
1.49
34.05
14.15
0.11

Pr > F
<.0001

Pr > F
0.2483
<.0001
<.0001
0.9545



SAS statements for DIFFERENT CARS AND DIFFERENT ROUTES:

/*different cars and different routes.x*/
proc glm data=coemission;

class gas car route square;

model emission=gas car(square) route(square) square;

lsmeans gas;
run;

The GLM Procedure

Class Level Information

Class Levels
gas

car 3
route 3
square 4

Dependent Variable:

Source
Model
Error
Corrected Total

Dependent Variable:

Source

gas
car(square)
route(square)
square

Least Squares Means

emission
gas LSMEAN
A 44 ,8333333
B 51.6666667

C 47.0000000

Values

ABC

= e
NN
w W w

emission

DF
21
14
35

emission

DF

W o N

Sum of
Squares
18089.00000
1942.00000
20031.00000

Type III SS
292 .66667
6683.33333
11081.33333
31.66667

Mean Square
861.38095
138.71429

Mean Square
146.33333
835.41667

1385.16667
10.55556

F Value
6.21

F Value
1.05
6.02
9.99
0.08

Pr > F
0.0005

Pr > F
0.3743
0.0018
0.0001
0.9719



