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Let’s consider the same fixed effects (Campaign, linear in time, and their interaction), but choose an AR(1)
correlation structure for the residuals, or for var(e).

SAS statements for first order Autoregressive correlation structure:

/*Analysis with an AR(1) covariance structure for residuals, and linear in time
(different line for different campaigns).x*/

proc mixed data=sales;

class TestMarket Campaign;

model Sales=Campaign|Time;

random TestMarket (Campaign);

repeated / type=ar(1l) sub=TestMarket(Campaign);
run;

The Mixed Procedure

Model Information

Data Set WORK.SALES

Dependent Variable Sales

Covariance Structures Variance Components,
Autoregressive

Subject Effect TestMarket (Campaign)

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

Class Level Information

Class Levels Values
TestMarket 10 12345678910
Campaign 2 12
Dimensions
Covariance Parameters 3
Columns in X 6
Columns in Z 10
Subjects 1
Max Obs Per Subject 30

Covariance Parameter Estimates

Cov Parm Subject Estimate
TestMarket (Campaign) 78223
AR(D) TestMarket (Campaign) -0.9733
Residual 2547.74



Fit Statistics

-2 Res Log Likelihood

AIC (smaller is better)
AICC (smaller is better)
BIC (smaller is better)

Type 3 Tests of Fix

Num Den

Effect DF DF
Campaign 1 8
Time 1 18
Time*Campaign 1 18

Comparing models (same fixed effects, different covariances) with fit statistics

By looking at the AIC fit statistics (or the BIC) we can see that we gained by including the AR(1) structure
because the split-plot model had an AIC of 334.7 and the AR(1) had an AIC of 316.0.

Quadratic time effect

As is apparent from the original plot of Sales vs. time, it looks like we should have included a quadratic time

effect. Let’s bring in the quadratic

310.0
316.0
317.0
316.9

ed Effects

F Value Pr > F

0.56 0.4764

38.20 <.0001
2.89 0.1064

effect in time.

/*Analysis with an AR(1) covariance structure, and separate quadratics for separate campaigns.*/

proc mixed data=sales;
class TestMarket Campaign;

model Sales=Campaign|Time Time*Time Campaign|Time*Time;

random TestMarket (Campaign) ;

repeated / type=ar(l) sub=
run;

The Mixed Procedure
Model Infor

Data Set
Dependent Variable
Covariance Structures

Subject Effect

Estimation Method
Residual Variance Method
Fixed Effects SE Method
Degrees of Freedom Method

TestMarket (Campaign) ;

mation

WORK.SALES

Sales

Variance Components,
Autoregressive
TestMarket (Campaign)
REML

Profile

Model-Based
Containment



The Mixed Procedure

Covariance Parameter Estimates

Cov Parm Subject Estimate
TestMarket (Campaign) 77816
AR(1) TestMarket (Campaign) -0.7119
Residual 273.20

Fit Statistics

-2 Res Log Likelihood 269.5
AIC (smaller is better) 275.5
AICC (smaller is better) 276.7
BIC (smaller is better) 276 .4

Type 3 Tests of Fixed Effects

Num Den
Effect DF DF F Value Pr > F
Campaign 1 8 0.45 0.5194
Time 1 16 97.88 <.0001
TimexCampaign 1 16 0.04 0.8414
Time*Time 1. 16 107.06 <.0001
Time*Time*Campaign 1 16 0.01 0.9326

It appears that there is no significant Campaign effect, and Sales is quadratic in time (same quadratic for

both Campaigns).

Final model:

/*Sales quadratic in time, and AR(1) covariance structure.

proc mixed data=sales;
class TestMarket Campaign;
model Sales=Time Time*Time/solution outp=diags;
random TestMarket (Campaign) ;
repeated / type=ar(1) sub=TestMarket(Campaign);
run;

The Mixed Procedure

Model Information

*/



Data Set WORK .SALES

Dependent Variable Sales

Covariance Structures Variance Components,
Autoregressive

Subject Effect TestMarket (Campaign)

Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Containment

The Mixed Procedure

Covariance Parameter Estimates

Cov Parm Subject

TestMarket (Campaign)

AR(1) TestMarket (Campaign)
Residual

Solution for Fixed Effects

Standard
Effect Estimate Exrror DF t
Intercept 375.20 92.0758 9
Time 369.60 35.2417 18
Time*Time -96.4000 8.7814 18

The Mixed Procedure

Type 3 Tests of Fixed Effects

Num Den
Effect DF DF F Value Pr > F
Time 1 18 109.99 <.0001
TimexTime 1 18 120.51 <.0001

Est

-0
2

Value

4.07
10.49
-10.98

imate

75262
.6171
63.68

Pr > |t]

0.0028
<.0001
<.0001




One more way to specify the split-plot version using compound symmetry

/*Analysis with CS covariance structure by NOT using the RANDOM statement (leaving it out)
and letting the ’residuals’ have the compound symmetry structure. Use linear in time model
(different line for different campaigns).x*/

proc mixed data=sales;

class TestMarket Campaign;

model Sales=Campaign|Time;

repeated / type=cs sub=TestMarket (Campaign);
run;

The Mixed Procedure

Model Information

Data Set WORK . SALES
Dependent Variable Sales

Covariance Structure Compound Symmetry
Subject Effect TestMarket (Campaign)
Estimation Method REML

Residual Variance Method Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Between-Within

Class Level Information

Class Levels Values
TestMarket 10 1234567829 10
Campaign 2 12

Dimensions
Covariance Parameters 2
Columns in X 6
Columns in 2Z 0
Subjects 10
Max Obs Per Subject 3

Covariance Parameter Estimates

Cov Parm Subject Estimate
Cs TestMarket (Campaign) 75150
Residual 3760.27



The Mixed Procedure

Fit Statistics
-2 Res Log Likelihood
AIC (smaller is better)

AICC (smaller is better)
BIC (smaller is better)

Type 3 Tests of

Num
Effect DF
Campaign 1
Time
TimexCampaign 1

330.7
334.7
335.2
335.3

Fixed Effects

Den
DF F Value

8 0.52
18 1.36
18 0.10

Pr > F

0.4913
0.2585
0.7520

Again, this output matches the first two runs of PROC GLM.
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