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TODO: (5) How many observations?   

We are looking at 8 observations per subject = 4 time points times 2 observations per time point, pain rating and pain tolerance.  So twice as many observations as there would be for univariate longitudinal data for pain rating, assuming identical missingness patterns in both variables.  

TODO (8) Look at the covariance parameters. 

Is the correlation between the random intercepts significant? 

Is the correlation between the rating and tolerance residuals significant?  

                                Covariance Parameter Estimates

                                                   Standard         Z

              Cov Parm    Subject      Estimate       Error     Value        Pr Z

              UN(1,1)     id             2.1317      0.5059      4.21      <.0001

              UN(2,1)     id            -0.2740      0.2045     -1.34      0.1804

              UN(2,2)     id             0.7936      0.1598      4.97      <.0001

              UN(1,1)     trial(id)      2.3931      0.2557      9.36      <.0001

              UN(2,1)     trial(id)     -0.1279     0.06916     -1.85      0.0645

              UN(2,2)     trial(id)      0.3432     0.03667      9.36      <.0001

This covariance model is random intercept for pain rating and random intercept for pain tolerance.  Further, the residuals for these two are correlated at the same time.  

The first UN(2,1) (line 2) is the covariance of the random intercepts between pain rating and pain tolerance.  It is not significant.  The second UN(2,1) (line 5) is the covariance between the residuals for rating and tolerance.  

These next two models set either the covariance between the random effects or between the residuals to zero.  

                                                   Standard         Z

              Cov Parm    Subject      Estimate       Error     Value        Pr Z

              UN(1,1)     id             2.1369      0.5068      4.22      <.0001

              UN(2,1)     id            -0.3083      0.2039     -1.51      0.1306

              UN(2,2)     id             0.7955      0.1601      4.97      <.0001

              UN(1,1)     trial(id)      2.3916      0.2554      9.37      <.0001

              UN(2,1)     trial(id)           0           .       .         .

              UN(2,2)     trial(id)      0.3430     0.03662      9.37      <.0001

                                                   Standard         Z

              Cov Parm    Subject      Estimate       Error     Value        Pr Z

              UN(1,1)     id             2.0976      0.5001      4.19      <.0001

              UN(2,1)     id                  0           .       .         .

              UN(2,2)     id             0.7846      0.1582      4.96      <.0001

              UN(1,1)     trial(id)      2.4029      0.2576      9.33      <.0001

              UN(2,1)     trial(id)     -0.1370     0.06961     -1.97      0.0491

              UN(2,2)     trial(id)      0.3444     0.03693      9.33      <.0001

And this one sets both covariances equal to zero

                                                  Standard         Z

              Cov Parm    Subject      Estimate       Error     Value        Pr Z

              UN(1,1)     id             2.1264      0.5050      4.21      <.0001

              UN(2,1)     id                  0           .       .         .

              UN(2,2)     id             0.7938      0.1598      4.97      <.0001

              UN(1,1)     trial(id)      2.3947      0.2560      9.36      <.0001

              UN(2,1)     trial(id)           0           .       .         .

              UN(2,2)     trial(id)      0.3432     0.03667      9.36      <.0001

Later on, SAS will count these models as having 6 parameters for all, but really it is 6 for the bivariate random intercept model, 5 for the two with independence of one of the terms, and 4 for this last one.  SAS’s table will get this wrong, and I have fixed it in my table.  

From the completely unstructured covariance matrix, the covariance matrix is 

                                  Estimated R Matrix for id 1

   Row     Col1     Col2     Col3     Col4     Col5     Col6     Col7     Col8

     1     4.73     3.02     2.20     1.40    -0.62    -0.34    -0.78    -0.44

     2     3.02     4.75     2.08     1.49    -0.31    -0.31    -0.48    -0.38

     3     2.20     2.08     4.49     2.27    -0.21     0.22    -0.41    -0.04

     4     1.40     1.49     2.27     4.00    -0.12     0.02    -0.23    -0.21

     5    -0.62    -0.31    -0.21    -0.12     1.00     0.75     0.95     0.58

     6    -0.34    -0.31     0.22     0.02     0.75     1.14     0.88     0.76

     7    -0.78    -0.48    -0.41    -0.23     0.95     0.88     1.35     0.90

     8    -0.44    -0.38    -0.04    -0.21     0.58     0.76     0.90     1.11
and the correlation matrix (after some formatting in Excel).  
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	Row
	Rating1
	Rating2
	Rating3
	Rating4
	Tol1
	Tol2
	Tol3
	Tol4

	
	
	
	
	
	
	
	
	

	Rating1
	1.00
	.64
	.48
	.32
	-.28
	-.15
	-.31
	-.19

	Rating2
	.64
	1.00
	.45
	.34
	-.14
	-.13
	-.19
	-.17

	Rating3
	.48
	.45
	1.00
	.53
	-.10
	.10
	-.17
	-.02

	Rating4
	.32
	.34
	.53
	1.00
	-.06
	.01
	-.10
	-.10

	Tol1
	-.28
	-.14
	-.10
	-.06
	1.00
	.70
	.82
	.55

	Tol2
	-.15
	-.13
	.10
	.01
	.70
	1.00
	.71
	.68

	Tol3
	-.31
	-.19
	-.17
	-.10
	.82
	.71
	1.00
	.74

	Tol4
	-.19
	-.17
	-.02
	-.10
	.55
	.68
	.74
	1.00


Here are the parameters from the product correlation matrix UN*UN.  The first 10 lines give the estimated covariance matrix of log pain rating.   In this model the covariance matrix for pain tolerance is the same up to a multiplicative constant which is given by the second UN(2,2) parameter and estimated to be .1688.  The correlation between rating and tolerance at a given time point is the bolded second UN(2,1) parameter.  

                                Covariance Parameter Estimates

                                                     Standard         Z

            Cov Parm          Subject    Estimate       Error     Value        Pr Z

            trial UN(1,1)     id           5.2498      0.7804      6.73      <.0001

                  UN(2,1)     id           3.6753      0.6647      5.53      <.0001

                  UN(2,2)     id           5.7007      0.8563      6.66      <.0001

                  UN(3,1)     id           3.8333      0.7274      5.27      <.0001

                  UN(3,2)     id           3.6546      0.7317      4.99      <.0001

                  UN(3,3)     id           6.2221      0.9756      6.38      <.0001

                  UN(4,1)     id           2.3249      0.5826      3.99      <.0001

                  UN(4,2)     id           2.9566      0.6463      4.57      <.0001

                  UN(4,3)     id           3.7839      0.7365      5.14      <.0001

                  UN(4,4)     id           5.2698      0.8302      6.35      <.0001

            type UN(1,1)      id           1.0000           0       .         .

                 UN(2,1)      id         -0.06394     0.02678     -2.39      0.0170

                 UN(2,2)      id           0.1688     0.02253      7.50      <.0001

Correlation between the two is negative and significant.  

Fixed effects results for pain rating, fit independently of pain tolerance.  

                                   Solution for Fixed Effects

                                                            Standard

Effect                 copingstyle   treatment   Estimate      Error     DF   t Value   Pr > |t|

copingstyle            A                           5.3068     0.3172     63     16.73     <.0001

copingstyle            D                           5.4471     0.3169     63     17.19     <.0001

treatment                            A             2.2360     0.5478     63      4.08     0.0001

treatment                            D            -0.2731     0.5239     63     -0.52     0.6040

treatment                            N             0.4022     0.5611     63      0.72     0.4762

treatment                            Z                  0          .      .       .        .

copingstyl*treatment   A             A            -1.5267     0.7747     63     -1.97     0.0532

copingstyl*treatment   A             D             1.3064     0.7580     63      1.72     0.0897

copingstyl*treatment   A             N            -0.1872     0.7885     63     -0.24     0.8131

copingstyl*treatment   A             Z                  0          .      .       .        .

copingstyl*treatment   D             A                  0          .      .       .        .

copingstyl*treatment   D             D                  0          .      .       .        .

copingstyl*treatment   D             N                  0          .      .       .        .

copingstyl*treatment   D             Z                  0          .      .       .        .

No difference between attenders and distracters at baseline.  However, attend treatment given to distracters increases pain rating significantly.  We need some additional estimate statements to make full sense of these estimates, as the last 3 are difficult to interpret, being the differences between attenders and distracters in the 3 treatment effects.  

One of the UN@CS models (#10) seems to be a stupid covariance model.  It forces the variances to be the same for the two responses (the CS within time which has constant variance).  It has an unstructured covariance matrix over time, but this covariance matrix is required to be the same for both responses, including the variances!  

This next (#11) is the other UN@CS model, which is a sensible model for this data.  It has an unstructured covariance matrix for the two responses at one time.  Then across time there is an additional correlation parameter which is required to be the same for the two outcomes.  The difference between the two models is in the ordering of variables in the repeated statement.  In the first model, #10, 


repeated  trial type / type=UN@CS subject=id r rcorr;

Trial gets the UN covariance matrix, then type gets the CS, which is bad.  In the second, 


repeated  type trial / type=UN@CS subject=id r rcorr;

Type gets the UN covariance matrix, which is good, and we use a CS over time.  

	                            Estimated R Correlation Matrix for id 1
	

	
	
	
	
	
	
	
	
	

	Row
	Rat1
	Tol1
	Rat2
	Tol2
	Rat3
	Tol3
	Rat4
	Tol4

	
	
	
	
	
	
	
	
	

	Rat1
	1.00
	-.15
	.60
	-.09
	.60
	-.09
	.60
	-.09

	Tol1
	-.15
	1.00
	-.09
	.60
	-.09
	.60
	-.09
	.60

	Rat2
	.60
	-.09
	1.00
	-.15
	.60
	-.09
	.60
	-.09

	Tol2
	-.09
	.60
	-.15
	1.00
	-.09
	.60
	-.09
	.60

	Rat3
	.60
	-.09
	.60
	-.09
	1.00
	-.15
	.60
	-.09

	Tol3
	-.09
	.60
	-.09
	.60
	-.15
	1.00
	-.09
	.60

	Rat4
	.60
	-.09
	.60
	-.09
	.60
	-.09
	1.00
	-.15

	Tol4
	-.09
	.60
	-.09
	.60
	-.09
	.60
	-.15
	1.00


                                 Covariance Parameter Estimates

                                                     Standard         Z

             Cov Parm         Subject    Estimate       Error     Value        Pr Z

             type UN(1,1)     id           5.4717      0.6615      8.27      <.0001

                  UN(2,1)     id          -0.3517      0.1523     -2.31      0.0209

                  UN(2,2)     id           0.9638      0.1036      9.30      <.0001

             trial Corr       id           0.6024     0.04236     14.22      <.0001

-.15 is the correlation associated with covariance of -.35

.6 is the correlation between the same response at different times (ie rating at two different trials or tolerance at two different trials). 

-.09 is the corr between rating and tolerance at two different trials:  -.09 = .6*-.15.  

5.47 is the variance of pain ratings

.96 is the variance of pain tolerances.  

This next model is a bivariate random intercept and slope model with correlation between the residuals and correlations between all 4 random effects.  The first two matrices are the covariance and correlation of the random effects.  The third table is the SAS output for the variance parameters.  

	                                     Estimated G Matrix
	
	

	
	
	
	
	
	
	

	Row
	Effect
	type
	Col1
	Col2
	Col3
	Col4

	
	
	
	
	
	
	

	1
	type
	r
	4.97
	-.42
	-.92
	-.07

	2
	type
	t
	-.42
	.89
	.09
	-.05

	3
	time*type
	r
	-.92
	.09
	.30
	.02

	4
	time*type
	t
	-.07
	-.05
	.02
	.03


	                                 Estimated G Correlation Matrix
	
	

	
	
	
	
	
	
	

	Row
	Effect
	type
	Col1
	Col2
	Col3
	Col4

	
	
	
	
	
	
	

	1
	type
	r
	1.00
	-.20
	-.76
	-.19

	2
	type
	t
	-.20
	1.00
	.18
	-.32

	3
	time*type
	r
	-.76
	.18
	1.00
	.19

	4
	time*type
	t
	-.19
	-.32
	.19
	1.00

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	                                Covariance Parameter Estimates
	

	
	
	
	
	
	
	

	
	
	
	Standard
	Z
	
	

	Cov Parm
	Subject
	Estimate
	Error
	Value
	Pr Z
	

	
	
	
	
	
	
	

	UN(1,1)
	id
	4.97
	1.52
	3.26
	.0006
	

	UN(2,1)
	id
	-.42
	.44
	-.95
	.34
	

	UN(2,2)
	id
	.89
	.25
	3.58
	.0002
	

	UN(3,1)
	id
	-.92
	.42
	-2.18
	.03
	

	UN(3,2)
	id
	.09
	.13
	.71
	.48
	

	UN(3,3)
	id
	.30
	.14
	2.12
	.02
	

	UN(4,1)
	id
	-.07
	.12
	-.62
	.54
	

	UN(4,2)
	id
	-.05
	.06
	-.93
	.35
	

	UN(4,3)
	id
	.02
	.04
	.48
	.63
	

	UN(4,4)
	id
	.03
	.02
	1.56
	.06
	

	UN(1,1)
	trial(id)
	1.92
	.25
	7.57
	<.0001
	

	UN(2,1)
	trial(id)
	-.15
	.07
	-2.16
	.03
	

	UN(2,2)
	trial(id)
	.30
	.04
	7.67
	<.0001
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