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Worksheet repeated measures
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1.   The first set of data that is used has two factors that are both repeated:  Time and 
      Supplement.  The SAS code and output needed to answer the following questions are  

      included.
a) Compare the compound symmetry (CS) and unstructured (UN) covariance structures by performing a statistical test.  Use alpha = 0.05.
H0: _____

Ha: _____

Test statistic = ________

Conclusion:  There (is/is not) sufficient evidence to suggest that the UN covariance structure is useful compared to the CS covariance structure.
b) Compare the compound symmetry (CS) and Huynh-Feldt (HF) covariance structures by performing a statistical test.  Use alpha = 0.05.
H0: _____

Ha: _____

Test statistic = ________

Conclusion:  There (is/is not) sufficient evidence to suggest that the HF 
covariance structure is useful compared to the CS covariance structure.
c) Using the output resulting from specifying the HF covariance structure with the “empirical” option, perform a statistical test for Time*Supplement interaction.  (Use alpha = 0.05).
H0: _____

Ha: _____

P-value = ________

Conclusion:  There (is/is not) sufficient evidence to suggest that there is 

Time*Supplement interaction.

Based on your conclusion, should you look at main effects?  _______

d) Using the output resulting from specifying the HF covariance structure with the “empirical” option, fill in the following table of cell means.

	
	Time

	
	0
	1

	Supplement
	BC
	
	

	
	G
	
	

	
	K
	
	

	
	V
	
	


e) Give the point estimate of the difference between the two time cell means for 

      supplement “G.”  _______
f) Perform a statistical test to determine if the two time cell means for supplement “G” are significantly different.  Use alpha = 0.05.

H0: _____

Ha: _____

Test statistic = ________

P-value = _______

Conclusion:  There (is/is not) sufficient evidence to suggest that the two time cell means associated with supplement “G” are significantly different.

g) Give a 95% confidence interval for the difference between the two time cell means for supplement “G.”

      (_______, _______)

2.   The second set of data that is used has one group repeated on one factor.  The SAS 

code and output needed to answer the following questions are included.

a) Give the estimated covariance associated with treatment 1 and treatment 3.
_______


[image: image1.wmf]
b) Perform a statistical test of the equality of the 4 treatment means.  Use 

      alpha = 0.05.

H0: _____

Ha: _____
P-value = ________

Conclusion:  There (is/is not) sufficient evidence to suggest that not all of the 4 treatment means are equal. 
c) Assuming the null hypothesis was rejected in part (b), how many pairs of treatment means are significantly different based on the Bonferroni adjusted 95% confidence intervals for the differences between treatment means?_______
From the list below, circle the treatments that have significantly different means and display their 95 % confidence intervals.


T1
T2       ​​​​​​​​​​​(____________ , _______________)

T1
T3       ​​​​​​​​​​​(____________ , _______________)

T1
T4      ​​​​​​​​​​​(____________ , _______________)

T2
T3     ​​​​​​​​​​​(____________ , _______________) 

T2
T4     ​​​​​​​​​​​(____________ , _______________)

T3
T4     ​​​​​​​​​​​(____________ , _______________)

dm 'log;clear;output;clear;';

options nodate nonumber;

data DEBRatios;

input response subject time gender$ supplement$ @@;

response=response*10;

cards;

0.551  1 0 M K  0.577  1 1 M K  0.576  1 0 M BC  0.552  1 1 M BC

0.560  1 0 M G  0.374  1 1 M G  0.598  1 0 M V   0.578  1 1 M V

0.535  2 0 F K  0.570  2 1 F K  0.552  2 0 F BC  0.550  2 1 F BC

0.534  2 0 F G  0.240  2 1 F G  0.588  2 0 F V   0.592  2 1 F V

0.401  3 0 M K  0.423  3 1 M K  0.447  3 0 M BC  0.437  3 1 M BC

0.467  3 0 M G  0.162  3 1 M G  0.460  3 0 M V   0.512  3 1 M V

0.765  4 0 F K  0.723  4 1 F K  0.801  4 0 F BC  0.767  4 1 F BC

0.808  4 0 F G  0.629  4 1 F G  0.783  4 0 F V   0.784  4 1 F V

0.518  5 0 M K  0.490  5 1 M K  0.510  5 0 M BC  0.389  5 1 M BC

0.526  5 0 M G  0.251  5 1 M G  0.619  5 0 M V   0.556  5 1 M V

0.602  6 0 F K  0.552  6 1 F K  0.585  6 0 F BC  0.584  6 1 F BC

0.600  6 0 F G  0.313  6 1 F G  0.607  6 0 F V   0.497  6 1 F V

0.786  7 0 F K  0.782  7 1 F K  0.732  7 0 F BC  0.676  7 1 F BC

0.759  7 0 F G  0.597  7 1 F G  0.718  7 0 F V   0.752  7 1 F V

 .     8 0 M K   .     8 1 M K  0.564  8 0 M BC  0.571  8 1 M BC

0.563  8 0 M G  0.325  8 1 M G  0.570  8 0 M V   0.555  8 1 M V

0.659  9 0 F K  0.744  9 1 F K  0.725  9 0 F BC  0.621  9 1 F BC

 .     9 0 F G   .     9 1 F G   .     9 0 F V    .     9 1 F V

0.716 10 0 M K  0.817 10 1 M K  0.780 10 0 M BC  0.817 10 1 M BC

0.774 10 0 M G  0.612 10 1 M G  0.785 10 0 M V   0.755 10 1 M V

0.737 11 0 F K  0.720 11 1 F K  0.767 11 0 F BC  0.653 11 1 F BC

0.749 11 0 F G  0.565 11 1 F G  0.724 11 0 F V   0.782 11 1 F V

0.636 12 0 M K  0.583 12 1 M K  0.644 12 0 M BC  0.510 12 1 M BC

0.642 12 0 M G  0.400 12 1 M G  0.599 12 0 M V   0.549 12 1 M V

;

run;

proc mixed data=debratios noitprint  ;

class subject time supplement;

model response=time|supplement;

repeated/subject=subject type=cs r rcorr;

title 'Problem 1';

run;

proc mixed data=debratios noitprint ;

class subject time supplement;

model response=time|supplement;

repeated/subject=subject type=un r rcorr;

run;

proc mixed data=debratios noitprint ;

class subject time supplement;

model response=time|supplement;

repeated/subject=subject type=hf r rcorr;

run;

proc mixed data=debratios empirical noitprint covtest;

class subject time supplement;

model response=time|supplement;

repeated/subject=subject type=hf r rcorr;

lsmeans time*supplement/cl diff;

run;

data dog;

input t1 t2 t3 t4;

dog=_N_;

cards;

  426  609  556  600

  253  236  392  395

  359  433  349  357

  432  431  522  600

  405  426  513  513

  324  438  507  539

  310  312  410  456

  326  326  350  504

  375  447  547  548

  286  286  403  422

  349  382  473  497

  429  410  488  547

  348  377  447  514

  412  473  472  446

  347  326  455  468

  434  458  637  524

  364  367  432  469

  420  395  508  531

  397  556  645  625

;

run;

proc transpose data=dog out=dogrev;

   var t1 t2 t3 t4;

   by dog;

run;

data dogrev;

set dogrev;

response = col1;

trt = _name_;

drop col1 _name_;

run;

proc mixed data=dogrev empirical noitprint  ;

class dog trt;

model response=trt;

repeated/subject=dog type=hf r rcorr;

lsmeans trt / adjust=bon cl;

title 'Problem 2';

run;quit;

                                            Problem 1

                                       The Mixed Procedure

                                       Model Information

                     Data Set                     WORK.DEBRATIOS

                     Dependent Variable           response

                     Covariance Structure         Compound Symmetry

                     Subject Effect               subject

                     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

                     subject           12    1 2 3 4 5 6 7 8 9 10 11 12

                     time               2    0 1

                     supplement         4    BC G K V

                                           Dimensions

                               Covariance Parameters             2

                               Columns in X                     15

                               Columns in Z                      0

                               Subjects                         12

                               Max Obs Per Subject               8

                                     Number of Observations

                           Number of Observations Read              96

                           Number of Observations Used              90

                           Number of Observations Not Used           6

                                Estimated R Matrix for subject 1

   Row       Col1       Col2       Col3       Col4       Col5       Col6       Col7       Col8

     1     1.5009     1.3346     1.3346     1.3346     1.3346     1.3346     1.3346     1.3346

     2     1.3346     1.5009     1.3346     1.3346     1.3346     1.3346     1.3346     1.3346

     3     1.3346     1.3346     1.5009     1.3346     1.3346     1.3346     1.3346     1.3346

     4     1.3346     1.3346     1.3346     1.5009     1.3346     1.3346     1.3346     1.3346

     5     1.3346     1.3346     1.3346     1.3346     1.5009     1.3346     1.3346     1.3346

     6     1.3346     1.3346     1.3346     1.3346     1.3346     1.5009     1.3346     1.3346

     7     1.3346     1.3346     1.3346     1.3346     1.3346     1.3346     1.5009     1.3346

     8     1.3346     1.3346     1.3346     1.3346     1.3346     1.3346     1.3346     1.5009

                                            Problem 1

                                       The Mixed Procedure

                          Estimated R Correlation Matrix for subject 1

   Row       Col1       Col2       Col3       Col4       Col5       Col6       Col7       Col8

     1     1.0000     0.8892     0.8892     0.8892     0.8892     0.8892     0.8892     0.8892

     2     0.8892     1.0000     0.8892     0.8892     0.8892     0.8892     0.8892     0.8892

     3     0.8892     0.8892     1.0000     0.8892     0.8892     0.8892     0.8892     0.8892

     4     0.8892     0.8892     0.8892     1.0000     0.8892     0.8892     0.8892     0.8892

     5     0.8892     0.8892     0.8892     0.8892     1.0000     0.8892     0.8892     0.8892

     6     0.8892     0.8892     0.8892     0.8892     0.8892     1.0000     0.8892     0.8892

     7     0.8892     0.8892     0.8892     0.8892     0.8892     0.8892     1.0000     0.8892

     8     0.8892     0.8892     0.8892     0.8892     0.8892     0.8892     0.8892     1.0000

                                 Covariance Parameter Estimates

                                Cov Parm     Subject    Estimate

                                CS           subject      1.3346

                                Residual                  0.1663

                                         Fit Statistics

                              -2 Res Log Likelihood           149.9

                              AIC (smaller is better)         153.9

                              AICC (smaller is better)        154.1

                              BIC (smaller is better)         154.9

                                Null Model Likelihood Ratio Test

                                  DF    Chi-Square      Pr > ChiSq

                                   1        138.67          <.0001

                                 Type 3 Tests of Fixed Effects

                                          Num     Den

                      Effect               DF      DF    F Value    Pr > F

                      time                  1      11      66.54    <.0001

                      supplement            3      30      34.90    <.0001

                      time*supplement       3      30      38.52    <.0001

                                            Problem 1

                                       The Mixed Procedure

                                       Model Information

                     Data Set                     WORK.DEBRATIOS

                     Dependent Variable           response

                     Covariance Structure         Unstructured

                     Subject Effect               subject

                     Estimation Method            REML

                     Residual Variance Method     None

                     Fixed Effects SE Method      Model-Based

                     Degrees of Freedom Method    Between-Within

                                    Class Level Information

                     Class         Levels    Values

                     subject           12    1 2 3 4 5 6 7 8 9 10 11 12

                     time               2    0 1

                     supplement         4    BC G K V

                                           Dimensions

                               Covariance Parameters            36

                               Columns in X                     15

                               Columns in Z                      0

                               Subjects                         12

                               Max Obs Per Subject               8

                                     Number of Observations

                           Number of Observations Read              96

                           Number of Observations Used              90

                           Number of Observations Not Used           6

                                Estimated R Matrix for subject 1

   Row       Col1       Col2       Col3       Col4       Col5       Col6       Col7       Col8

     1     1.3774     1.3290     1.3183     1.1885     1.3030     1.8340     1.0470     1.1429

     2     1.3290     1.5427     1.3808     1.3714     1.3253     1.9562     1.1223     1.3254

     3     1.3183     1.3808     1.3831     1.2898     1.3324     1.9052     1.0880     1.2482

     4     1.1885     1.3714     1.2898     1.5332     1.2487     1.7763     1.0237     1.1360

     5     1.3030     1.3253     1.3324     1.2487     1.3118     1.8539     1.0537     1.1913

     6     1.8340     1.9562     1.9052     1.7763     1.8539     2.7294     1.5125     1.7680

     7     1.0470     1.1223     1.0880     1.0237     1.0537     1.5125     0.9671     1.0342

     8     1.1429     1.3254     1.2482     1.1360     1.1913     1.7680     1.0342     1.3965

                                            Problem 1

                                       The Mixed Procedure

                          Estimated R Correlation Matrix for subject 1

   Row       Col1       Col2       Col3       Col4       Col5       Col6       Col7       Col8

     1     1.0000     0.9117     0.9551     0.8179     0.9693     0.9459     0.9072     0.8241

     2     0.9117     1.0000     0.9453     0.8917     0.9316     0.9533     0.9188     0.9030

     3     0.9551     0.9453     1.0000     0.8857     0.9892     0.9806     0.9407     0.8981

     4     0.8179     0.8917     0.8857     1.0000     0.8805     0.8683     0.8407     0.7764

     5     0.9693     0.9316     0.9892     0.8805     1.0000     0.9798     0.9355     0.8801

     6     0.9459     0.9533     0.9806     0.8683     0.9798     1.0000     0.9309     0.9056

     7     0.9072     0.9188     0.9407     0.8407     0.9355     0.9309     1.0000     0.8899

     8     0.8241     0.9030     0.8981     0.7764     0.8801     0.9056     0.8899     1.0000

                                 Covariance Parameter Estimates

                                 Cov Parm    Subject    Estimate

                                 UN(1,1)     subject      1.3774

                                 UN(2,1)     subject      1.3290

                                 UN(2,2)     subject      1.5427

                                 UN(3,1)     subject      1.3183

                                 UN(3,2)     subject      1.3808

                                 UN(3,3)     subject      1.3831

                                 UN(4,1)     subject      1.1885

                                 UN(4,2)     subject      1.3714

                                 UN(4,3)     subject      1.2898

                                 UN(4,4)     subject      1.5332

                                 UN(5,1)     subject      1.3030

                                 UN(5,2)     subject      1.3253

                                 UN(5,3)     subject      1.3324

                                 UN(5,4)     subject      1.2487

                                 UN(5,5)     subject      1.3118

                                 UN(6,1)     subject      1.8340

                                 UN(6,2)     subject      1.9562

                                 UN(6,3)     subject      1.9052

                                 UN(6,4)     subject      1.7763

                                 UN(6,5)     subject      1.8539

                                 UN(6,6)     subject      2.7294

                                 UN(7,1)     subject      1.0470

                                 UN(7,2)     subject      1.1223

                                 UN(7,3)     subject      1.0880

                                 UN(7,4)     subject      1.0237

                                 UN(7,5)     subject      1.0537

                                 UN(7,6)     subject      1.5125

                                 UN(7,7)     subject      0.9671

                                 UN(8,1)     subject      1.1429

                                 UN(8,2)     subject      1.3254

                                 UN(8,3)     subject      1.2482

                                 UN(8,4)     subject      1.1360

                                 UN(8,5)     subject      1.1913

                                            Problem 1

                                       The Mixed Procedure

                                 Covariance Parameter Estimates

                                 Cov Parm    Subject    Estimate

                                 UN(8,6)     subject      1.7680

                                 UN(8,7)     subject      1.0342

                                 UN(8,8)     subject      1.3965

                                         Fit Statistics

                              -2 Res Log Likelihood            93.7

                              AIC (smaller is better)         165.7

                              AICC (smaller is better)        224.9

                              BIC (smaller is better)         183.1

                                Null Model Likelihood Ratio Test

                                  DF    Chi-Square      Pr > ChiSq

                                  35        194.92          <.0001

                                 Type 3 Tests of Fixed Effects

                                          Num     Den

                      Effect               DF      DF    F Value    Pr > F

                      time                  1      11      43.36    <.0001

                      supplement            3      11      31.24    <.0001

                      time*supplement       3      11      65.63    <.0001

                                            Problem 1

                                       The Mixed Procedure

                                       Model Information

                     Data Set                     WORK.DEBRATIOS

                     Dependent Variable           response

                     Covariance Structure         Huynh-Feldt

                     Subject Effect               subject

                     Estimation Method            REML

                     Residual Variance Method     None

                     Fixed Effects SE Method      Model-Based

                     Degrees of Freedom Method    Between-Within

                                    Class Level Information

                     Class         Levels    Values

                     subject           12    1 2 3 4 5 6 7 8 9 10 11 12

                     time               2    0 1

                     supplement         4    BC G K V

                                           Dimensions

                               Covariance Parameters             9

                               Columns in X                     15

                               Columns in Z                      0

                               Subjects                         12

                               Max Obs Per Subject               8

                                     Number of Observations

                           Number of Observations Read              96

                           Number of Observations Used              90

                           Number of Observations Not Used           6

                                Estimated R Matrix for subject 1

   Row       Col1       Col2       Col3       Col4       Col5       Col6       Col7       Col8

     1     1.0581     0.9351     0.9504     0.9333     0.7629     1.2151     0.8718     0.8902

     2     0.9351     1.1425     0.9926     0.9755     0.8051     1.2573     0.9140     0.9324

     3     0.9504     0.9926     1.1731     0.9908     0.8204     1.2726     0.9293     0.9477

     4     0.9333     0.9755     0.9908     1.1388     0.8032     1.2554     0.9121     0.9306

     5     0.7629     0.8051     0.8204     0.8032     0.7980     1.0850     0.7417     0.7602

     6     1.2151     1.2573     1.2726     1.2554     1.0850     1.7025     1.1939     1.2124

     7     0.8718     0.9140     0.9293     0.9121     0.7417     1.1939     1.0158     0.8691

     8     0.8902     0.9324     0.9477     0.9306     0.7602     1.2124     0.8691     1.0527

                                            Problem 1

                                       The Mixed Procedure

                          Estimated R Correlation Matrix for subject 1

   Row       Col1       Col2       Col3       Col4       Col5       Col6       Col7       Col8

     1     1.0000     0.8505     0.8531     0.8502     0.8302     0.9053     0.8409     0.8435

     2     0.8505     1.0000     0.8574     0.8552     0.8431     0.9015     0.8484     0.8502

     3     0.8531     0.8574     1.0000     0.8572     0.8479     0.9005     0.8513     0.8528

     4     0.8502     0.8552     0.8572     1.0000     0.8426     0.9016     0.8480     0.8499

     5     0.8302     0.8431     0.8479     0.8426     1.0000     0.9309     0.8238     0.8294

     6     0.9053     0.9015     0.9005     0.9016     0.9309     1.0000     0.9079     0.9056

     7     0.8409     0.8484     0.8513     0.8480     0.8238     0.9079     1.0000     0.8404

     8     0.8435     0.8502     0.8528     0.8499     0.8294     0.9056     0.8404     1.0000

                                 Covariance Parameter Estimates

                                 Cov

                                 Parm       Subject    Estimate

                                 Var(1)     subject      1.0581

                                 Var(2)     subject      1.1425

                                 Var(3)     subject      1.1731

                                 Var(4)     subject      1.1388

                                 Var(5)     subject      0.7980

                                 Var(6)     subject      1.7025

                                 Var(7)     subject      1.0158

                                 Var(8)     subject      1.0527

                                 HF         subject      0.1652

                                         Fit Statistics

                              -2 Res Log Likelihood           133.8

                              AIC (smaller is better)         151.8

                              AICC (smaller is better)        154.3

                              BIC (smaller is better)         156.1

                                Null Model Likelihood Ratio Test

                                  DF    Chi-Square      Pr > ChiSq

                                   8        154.84          <.0001

                                            Problem 1

                                       The Mixed Procedure

                                 Type 3 Tests of Fixed Effects

                                          Num     Den

                      Effect               DF      DF    F Value    Pr > F

                      time                  1      11      67.08    <.0001

                      supplement            3      30      35.08    <.0001

                      time*supplement       3      30      39.32    <.0001

                                            Problem 1

                                       The Mixed Procedure

                                       Model Information

                     Data Set                     WORK.DEBRATIOS

                     Dependent Variable           response

                     Covariance Structure         Huynh-Feldt

                     Subject Effect               subject

                     Estimation Method            REML

                     Residual Variance Method     None

                     Fixed Effects SE Method      Empirical

                     Degrees of Freedom Method    Between-Within

                                    Class Level Information

                     Class         Levels    Values

                     subject           12    1 2 3 4 5 6 7 8 9 10 11 12

                     time               2    0 1

                     supplement         4    BC G K V

                                           Dimensions

                               Covariance Parameters             9

                               Columns in X                     15

                               Columns in Z                      0

                               Subjects                         12

                               Max Obs Per Subject               8

                                     Number of Observations

                           Number of Observations Read              96

                           Number of Observations Used              90

                           Number of Observations Not Used           6

                                            Problem 1

                                Estimated R Matrix for subject 1

   Row       Col1       Col2       Col3       Col4       Col5       Col6       Col7       Col8

     1     1.0581     0.9351     0.9504     0.9333     0.7629     1.2151     0.8718     0.8902

     2     0.9351     1.1425     0.9926     0.9755     0.8051     1.2573     0.9140     0.9324

     3     0.9504     0.9926     1.1731     0.9908     0.8204     1.2726     0.9293     0.9477

     4     0.9333     0.9755     0.9908     1.1388     0.8032     1.2554     0.9121     0.9306

     5     0.7629     0.8051     0.8204     0.8032     0.7980     1.0850     0.7417     0.7602

     6     1.2151     1.2573     1.2726     1.2554     1.0850     1.7025     1.1939     1.2124

     7     0.8718     0.9140     0.9293     0.9121     0.7417     1.1939     1.0158     0.8691

     8     0.8902     0.9324     0.9477     0.9306     0.7602     1.2124     0.8691     1.0527

                          Estimated R Correlation Matrix for subject 1

   Row       Col1       Col2       Col3       Col4       Col5       Col6       Col7       Col8

     1     1.0000     0.8505     0.8531     0.8502     0.8302     0.9053     0.8409     0.8435

     2     0.8505     1.0000     0.8574     0.8552     0.8431     0.9015     0.8484     0.8502

     3     0.8531     0.8574     1.0000     0.8572     0.8479     0.9005     0.8513     0.8528

     4     0.8502     0.8552     0.8572     1.0000     0.8426     0.9016     0.8480     0.8499

     5     0.8302     0.8431     0.8479     0.8426     1.0000     0.9309     0.8238     0.8294

     6     0.9053     0.9015     0.9005     0.9016     0.9309     1.0000     0.9079     0.9056

     7     0.8409     0.8484     0.8513     0.8480     0.8238     0.9079     1.0000     0.8404

     8     0.8435     0.8502     0.8528     0.8499     0.8294     0.9056     0.8404     1.0000

                                 Covariance Parameter Estimates

                Cov                               Standard         Z

                Parm       Subject    Estimate       Error     Value        Pr Z

                Var(1)     subject      1.0581      0.6845      1.55      0.0611

                Var(2)     subject      1.1425      0.4877      2.34      0.0096

                Var(3)     subject      1.1731      0.7788      1.51      0.0660

                Var(4)     subject      1.1388      0.5966      1.91      0.0281

                Var(5)     subject      0.7980      0.2403      3.32      0.0004

                Var(6)     subject      1.7025      0.6551      2.60      0.0047

                Var(7)     subject      1.0158      0.6132      1.66      0.0488

                Var(8)     subject      1.0527      0.5760      1.83      0.0338

                HF         subject      0.1652     0.02760      5.99      <.0001

                                         Fit Statistics

                              -2 Res Log Likelihood           133.8

                              AIC (smaller is better)         151.8

                              AICC (smaller is better)        154.3

                              BIC (smaller is better)         156.1

                                           Problem 1

                                Null Model Likelihood Ratio Test

                                  DF    Chi-Square      Pr > ChiSq

                                   8        154.84          <.0001

                                 Type 3 Tests of Fixed Effects

                                          Num     Den

                      Effect               DF      DF    F Value    Pr > F

                      time                  1      11      55.50    <.0001

                      supplement            3      30      32.90    <.0001

                      time*supplement       3      30      70.54    <.0001

                                      Least Squares Means

                                                  Standard

 Effect            supplement   time   Estimate      Error     DF   t Value   Pr > |t|    Alpha

 time*supplement   BC           0        6.4025     0.3250     30     19.70     <.0001     0.05

 time*supplement   G            0        6.3966     0.3215     30     19.90     <.0001     0.05

 time*supplement   K            0        6.2248     0.3221     30     19.33     <.0001     0.05

 time*supplement   V            0        6.4649     0.2679     30     24.13     <.0001     0.05

 time*supplement   BC           1        5.9392     0.3422     30     17.35     <.0001     0.05

 time*supplement   G            1        4.1344     0.4527     30      9.13     <.0001     0.05

 time*supplement   K            1        6.2870     0.3466     30     18.14     <.0001     0.05

 time*supplement   V            1        6.3395     0.3098     30     20.46     <.0001     0.05

                                      Least Squares Means

                   Effect            supplement   time      Lower       Upper

                   time*supplement   BC           0        5.7387      7.0663

                   time*supplement   G            0        5.7401      7.0531

                   time*supplement   K            0        5.5670      6.8825

                   time*supplement   V            0        5.9177      7.0121

                   time*supplement   BC           1        5.2402      6.6381

                   time*supplement   G            1        3.2098      5.0590

                   time*supplement   K            1        5.5791      6.9949

                   time*supplement   V            1        5.7068      6.9722

                                            Problem 1

                               Differences of Least Squares Means

                                                                     Standard

   Effect           supplement  time  _supplement  _time  Estimate      Error     DF   t Value

   time*supplement  BC          0     G            0      0.005925    0.05221     30      0.11

   time*supplement  BC          0     K            0        0.1777     0.1033     30      1.72

   time*supplement  BC          0     V            0      -0.06241     0.1210     30     -0.52

   time*supplement  BC          0     BC           1        0.4633     0.1604     30      2.89

   time*supplement  BC          0     G            1        2.2681     0.1521     30     14.92

   time*supplement  BC          0     K            1        0.1155     0.1166     30      0.99

   time*supplement  BC          0     V            1       0.06301     0.1471     30      0.43

   time*supplement  G           0     K            0        0.1718    0.08449     30      2.03

   time*supplement  G           0     V            0      -0.06833     0.1225     30     -0.56

   time*supplement  G           0     BC           1        0.4574     0.1660     30      2.76

   time*supplement  G           0     G            1        2.2622     0.1510     30     14.98

   time*supplement  G           0     K            1        0.1096     0.1363     30      0.80

   time*supplement  G           0     V            1       0.05708     0.1521     30      0.38

   time*supplement  K           0     V            0       -0.2401     0.1449     30     -1.66

   time*supplement  K           0     BC           1        0.2856     0.2027     30      1.41

   time*supplement  K           0     G            1        2.0904     0.1796     30     11.64

   time*supplement  K           0     K            1      -0.06220     0.1505     30     -0.41

   time*supplement  K           0     V            1       -0.1147     0.1861     30     -0.62

   time*supplement  V           0     BC           1        0.5257     0.1890     30      2.78

   time*supplement  V           0     G            1        2.3305     0.2304     30     10.11

   time*supplement  V           0     K            1        0.1779     0.1539     30      1.16

   time*supplement  V           0     V            1        0.1254     0.1453     30      0.86

   time*supplement  BC          1     G            1        1.8048     0.2267     30      7.96

   time*supplement  BC          1     K            1       -0.3478     0.1629     30     -2.13

   time*supplement  BC          1     V            1       -0.4003     0.2109     30     -1.90

   time*supplement  G           1     K            1       -2.1526     0.1767     30    -12.18

   time*supplement  G           1     V            1       -2.2051     0.2208     30     -9.99

   time*supplement  K           1     V            1      -0.05252     0.1635     30     -0.32

                               Differences of Least Squares Means

   Effect           supplement  time  _supplement  _time  Pr > |t|   Alpha     Lower     Upper

   time*supplement  BC          0     G            0        0.9104    0.05   -0.1007    0.1126

   time*supplement  BC          0     K            0        0.0958    0.05  -0.03331    0.3888

   time*supplement  BC          0     V            0        0.6100    0.05   -0.3096    0.1848

   time*supplement  BC          0     BC           1        0.0071    0.05    0.1358    0.7909

   time*supplement  BC          0     G            1        <.0001    0.05    1.9576    2.5787

   time*supplement  BC          0     K            1        0.3298    0.05   -0.1227    0.3537

   time*supplement  BC          0     V            1        0.6715    0.05   -0.2374    0.3634

   time*supplement  G           0     K            0        0.0510    0.05  -0.00076    0.3444

   time*supplement  G           0     V            0        0.5812    0.05   -0.3185    0.1819

   time*supplement  G           0     BC           1        0.0099    0.05    0.1184    0.7964

   time*supplement  G           0     G            1        <.0001    0.05    1.9538    2.5705

   time*supplement  G           0     K            1        0.4277    0.05   -0.1688    0.3880

   time*supplement  G           0     V            1        0.7101    0.05   -0.2536    0.3677

   time*supplement  K           0     V            0        0.1078    0.05   -0.5360   0.05572

   time*supplement  K           0     BC           1        0.1691    0.05   -0.1284    0.6996

   time*supplement  K           0     G            1        <.0001    0.05    1.7237    2.4571

   time*supplement  K           0     K            1        0.6824    0.05   -0.3697    0.2453

                                            Problem 1

                               Differences of Least Squares Means

   Effect           supplement  time  _supplement  _time  Pr > |t|   Alpha     Lower     Upper

   time*supplement  K           0     V            1        0.5422    0.05   -0.4948    0.2653

   time*supplement  V           0     BC           1        0.0093    0.05    0.1397    0.9118

   time*supplement  V           0     G            1        <.0001    0.05    1.8599    2.8011

   time*supplement  V           0     K            1        0.2568    0.05   -0.1364    0.4923

   time*supplement  V           0     V            1        0.3949    0.05   -0.1714    0.4222

   time*supplement  BC          1     G            1        <.0001    0.05    1.3418    2.2678

   time*supplement  BC          1     K            1        0.0411    0.05   -0.6805  -0.01508

   time*supplement  BC          1     V            1        0.0673    0.05   -0.8310   0.03035

   time*supplement  G           1     K            1        <.0001    0.05   -2.5134   -1.7917

   time*supplement  G           1     V            1        <.0001    0.05   -2.6560   -1.7542

   time*supplement  K           1     V            1        0.7503    0.05   -0.3864    0.2814

                                            Problem 2

                                       The Mixed Procedure

                                       Model Information

                     Data Set                     WORK.DOGREV

                     Dependent Variable           response

                     Covariance Structure         Huynh-Feldt

                     Subject Effect               dog

                     Estimation Method            REML

                     Residual Variance Method     None

                     Fixed Effects SE Method      Empirical

                     Degrees of Freedom Method    Between-Within

                                     Class Level Information

                        Class    Levels    Values

                        dog          19    1 2 3 4 5 6 7 8 9 10 11 12 13

                                           14 15 16 17 18 19

                        trt           4    t1 t2 t3 t4

                                           Dimensions

                               Covariance Parameters             5

                               Columns in X                      5

                               Columns in Z                      0

                               Subjects                         19

                               Max Obs Per Subject               4

                                     Number of Observations

                           Number of Observations Read              76

                           Number of Observations Used              76

                           Number of Observations Not Used           0

                                  Estimated R Matrix for dog 1

                       Row        Col1        Col2        Col3        Col4

                         1     2776.79     3299.21     3025.29     2248.11

                         2     3299.21     7519.19     5396.49     4619.31

                         3     3025.29     5396.49     6971.35     4345.39

                         4     2248.11     4619.31     4345.39     5417.00

                                            Problem 2

                                       The Mixed Procedure

                            Estimated R Correlation Matrix for dog 1

                       Row        Col1        Col2        Col3        Col4

                         1      1.0000      0.7220      0.6876      0.5797

                         2      0.7220      1.0000      0.7454      0.7238

                         3      0.6876      0.7454      1.0000      0.7071

                         4      0.5797      0.7238      0.7071      1.0000

                                 Covariance Parameter Estimates

                                 Cov

                                 Parm       Subject    Estimate

                                 Var(1)     dog         2776.79

                                 Var(2)     dog         7519.19

                                 Var(3)     dog         6971.35

                                 Var(4)     dog         5417.00

                                 HF         dog         1848.79

                                         Fit Statistics

                              -2 Res Log Likelihood           787.7

                              AIC (smaller is better)         797.7

                              AICC (smaller is better)        798.7

                              BIC (smaller is better)         802.5

                                Null Model Likelihood Ratio Test

                                  DF    Chi-Square      Pr > ChiSq

                                   4         50.11          <.0001

                                 Type 3 Tests of Fixed Effects

                                       Num     Den

                         Effect         DF      DF    F Value    Pr > F

                         trt             3      54      40.82    <.0001

                                            Problem 2

                                       The Mixed Procedure

                                       Least Squares Means

                            Standard

  Effect   trt   Estimate      Error     DF   t Value   Pr > |t|    Alpha      Lower      Upper

  trt      t1      368.21    11.8564     54     31.06     <.0001     0.05     344.44     391.98

  trt      t2      404.63    19.9262     54     20.31     <.0001     0.05     364.68     444.58

  trt      t3      479.26    18.4829     54     25.93     <.0001     0.05     442.21     516.32

  trt      t4      502.89    15.5972     54     32.24     <.0001     0.05     471.62     534.17

                               Differences of Least Squares Means

                               Standard

  Effect  trt  _trt  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha

  trt     t1   t2    -36.4211   13.4824    54    -2.70    0.0092  Bonferroni    0.0552    0.05

  trt     t1   t3     -111.05   13.7352    54    -8.09    <.0001  Bonferroni    <.0001    0.05

  trt     t1   t4     -134.68   12.4478    54   -10.82    <.0001  Bonferroni    <.0001    0.05

  trt     t2   t3    -74.6316   14.4824    54    -5.15    <.0001  Bonferroni    <.0001    0.05

  trt     t2   t4    -98.2632   15.3267    54    -6.41    <.0001  Bonferroni    <.0001    0.05

  trt     t3   t4    -23.6316   11.6693    54    -2.03    0.0478  Bonferroni    0.2869    0.05

                               Differences of Least Squares Means

                                                                 Adj         Adj

                 Effect  trt  _trt     Lower       Upper       Lower       Upper

                 trt     t1   t2    -63.4516     -9.3905    -73.3485      0.5064

                 trt     t1   t3     -138.59    -83.5152     -148.67    -73.4327

                 trt     t1   t4     -159.64     -109.73     -168.78     -100.59

                 trt     t2   t3     -103.67    -45.5961     -114.30    -34.9651

                 trt     t2   t4     -128.99    -67.5350     -140.24    -56.2843

                 trt     t3   t4    -47.0271     -0.2360    -55.5931      8.3300
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