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Topics:

i.
Nesting/Crossing and Split-Plots
ii.
Random/Fixed/Mixed Effects Models
iii.
Repeated Measures Data
i.
Nesting/Crossing and Split-Plot Designs

Factorial treatment structures represent CROSSING of factors – all levels of one factor are combined with all levels of other factors.
If Factors are NESTED, then levels of some factor occur within levels of another factor.

Example OL 17.10:  

SITE (2 levels) -- FIXED

Batch (3 levels – nested in site) -- RANDOM

Tablet (5 replicates for each BATCH)

yijk =  + i + j(i) + ijk
i=1,2; j = 1, 2, 3; and k=1,2,3,4,5

data OL17p10;

do site=1 to 2;

  do batch = 1 to 3;

    do tablet = 1 to 5;


  input content @@;


  output;


end;

  end;

end;

datalines;

5.03 5.10 5.25 4.98 5.05

4.64 4.73 4.82 4.95 5.06

5.10 5.15 5.20 5.08 5.14

5.05 4.96 5.12 5.12 5.05

5.46 5.15 5.18 5.18 5.11

4.90 4.95 4.86 4.86 5.07

;

proc print data=OL17p10;

  run;

proc glm data=OL17p10;

title "Using GLM to analyze NESTED factor (OL 17.10)";

  class site batch;

  model content = site batch(site);

  test h=site e=batch(site);

  run;

proc mixed data=OL17p10;

title "Using MIXED to analyze NESTED factor (OL 17.10)";

  class site batch;

  model content = site;

  random batch(site);

  run;

OUTPUT FROM SAS …
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Obs    site    batch    tablet    content

  1      1       1         1        5.03

  2      1       1         2        5.10

  3      1       1         3        5.25

  4      1       1         4        4.98

  5      1       1         5        5.05

  6      1       2         1        4.64

  7      1       2         2        4.73

  8      1       2         3        4.82

  9      1       2         4        4.95

 10      1       2         5        5.06

 11      1       3         1        5.10

 12      1       3         2        5.15

 13      1       3         3        5.20

 14      1       3         4        5.08

 15      1       3         5        5.14

 16      2       1         1        5.05

 17      2       1         2        4.96

 18      2       1         3        5.12

 19      2       1         4        5.12

 20      2       1         5        5.05

 21      2       2         1        5.46

 22      2       2         2        5.15

 23      2       2         3        5.18

 24      2       2         4        5.18

 25      2       2         5        5.11

 26      2       3         1        4.90

 27      2       3         2        4.95

 28      2       3         3        4.86

 29      2       3         4        4.86

 30      2       3         5        5.07

--------------------------------------------------------------------------
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The GLM Procedure

   Class Level Information

Class         Levels    Values

site               2    1 2

batch              3    1 2 3

Number of Observations Read          30

Number of Observations Used          30

--------------------------------------------------------------------------

Using GLM to analyze NESTED factor (OL 17.10)                           17

The GLM Procedure

Dependent Variable: content

                                    Sum of

Source                    DF       Squares   Mean Square  F Value  Pr > F

Model                      5    0.47226667    0.09445333     7.81  0.0002

Error                     24    0.29020000    0.01209167

Corrected Total           29    0.76246667

R-Square     Coeff Var      Root MSE    content Mean

0.619393      2.180346      0.109962        5.043333

Source                    DF     Type I SS   Mean Square  F Value  Pr > F

site                       1    0.01825333    0.01825333     1.51  0.2311

batch(site)                4    0.45401333    0.11350333     9.39  0.0001

Source                    DF   Type III SS   Mean Square  F Value  Pr > F

site                       1    0.01825333    0.01825333     1.51  0.2311

batch(site)                4    0.45401333    0.11350333     9.39  0.0001

--------------------------------------------------------------------------
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The GLM Procedure

Dependent Variable: content

                 Tests of Hypotheses Using the Type III

                   MS for batch(site) as an Error Term

Source                    DF   Type III SS   Mean Square  F Value  Pr > F

site                       1    0.01825333    0.01825333     0.16  0.7089

--------------------------------------------------------------------------
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The Mixed Procedure

                  Model Information

Data Set                     WORK.OL17P10

Dependent Variable           content

Covariance Structure         Variance Components

Estimation Method            REML

Residual Variance Method     Profile

Fixed Effects SE Method      Model-Based

Degrees of Freedom Method    Containment

             Class Level Information

Class    Levels    Values

site          2    1 2

batch         3    1 2 3

            Dimensions

Covariance Parameters             2

Columns in X                      3

Columns in Z                      6

Subjects                          1

Max Obs Per Subject              30

          Number of Observations

Number of Observations Read              30

Number of Observations Used              30

--------------------------------------------------------------------------
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The Mixed Procedure

          Number of Observations

Number of Observations Not Used           0

                     Iteration History

Iteration    Evaluations    -2 Res Log Like       Criterion

        0              1       -16.69703934

        1              1       -29.79276449      0.00000000

                   Convergence criteria met.

  Covariance Parameter

       Estimates

Cov Parm        Estimate

batch(site)      0.02028

Residual         0.01209         <-  Between BATCH vs. WITHIN BATCH variability
           Fit Statistics

-2 Res Log Likelihood           -29.8

AIC (smaller is better)         -25.8

AICC (smaller is better)        -25.3

BIC (smaller is better)         -26.2

--------------------------------------------------------------------------
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The Mixed Procedure

        Type 3 Tests of Fixed Effects

              Num     Den

Effect         DF      DF    F Value    Pr > F

site            1       4       0.16    0.7089
Classic example:  Split-Plot Designs (OL 17.6, p. 1014+)

Can only apply treatment to a WHOLE PLOT while other treatments can be randomly assigned to SUB-PLOTS.

Factor A:  fertilizer (2 levels A1 and A2) – can only be applied to WHOLE PLOT

Factor T:  varieties (3 levels T1, T2, and T3) – can be randomly assigned to SUB-PLOTS

	Fertilizer applied to WHOLE PLOTS

	A= A1
	
	A=A2
	
	A=A2
	
	A=A1

	T2
	
	T3
	
	T1
	
	T3

	T1
	
	T2
	
	T3
	
	T1

	T3
	
	T1
	
	T2
	
	T2


 Treatments/varieties randomly assigned to SUB-PLOTS within the WHOLE PLOTS
Notice that VARIETY is NESTED in PESTICIDE.  A model for this design (p. 1015) is

yijk =  + i + j + (ij +ik + ij
 where i = j = i ij = jij = 0,  jk ~ ind. N(0, 
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[image: image2.wmf]2

e

s

 ) [jk and ij ind.]

* Error terms may change for testing hypotheses about model parameters:

 Between WHOLE PLOTs:  H0: 1 =2 =…=a =0 tested by Fobs = MSA/MS(A)

Within Wholeplots:  H0: ij = 0 tested by Fobs = MSAT/MSE
Within Wholeplots:  H0:1 =2 =…=t =0 tested by Fobs = MST/MSE

* You could also define WHOLE PLOTS within BLOCKS as in Example 17.11 (p. 1017).

*  This type of design might be appropriate for the analysis of artificial mesocosms/ponds.  For example, you may need to apply a sediment treatment to an entire pond that is then subdivided into sections for other treatments.
/*

  Split Plot - OL Example 17.11

  Yield = response

  Fertilizer = treatment (applied to WHOLE PLOT units)

  Variety = treatment (applied to subplots)

  Blocks

*/
data OL17p11;

  input block fertilizer variety yield;

  datalines;

1 1 1 10.6

1 1 2 11.4

1 1 3 11.8

1 2 1 10.9

1 2 2 11.7

1 2 3 12.4

2 2 2 11.9

2 2 3 12.6

2 2 1 11.6

2 1 2 11.5

2 1 3 12.1

2 1 1 10.8

3 1 3 9.5

3 1 1 8.1 

3 1 2 8.7

3 2 3 9.8

3 2 1 8.2

3 2 2 9.3

;

proc print data=OL17p11;

  run;

proc glm data=OL17p11; 

  class fertilizer variety Block; 

  model yield = fertilizer variety fertilizer*variety 

                Block fertilizer*Block; 

  test h=fertilizer e=fertilizer*Block; 

run;
--------------------------------------------------------------------------
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Obs    block    fertilizer    variety    yield

  1      1           1           1        10.6

  2      1           1           2        11.4

  3      1           1           3        11.8

  4      1           2           1        10.9

  5      1           2           2        11.7

  6      1           2           3        12.4

  7      2           2           2        11.9

  8      2           2           3        12.6

  9      2           2           1        11.6

 10      2           1           2        11.5

 11      2           1           3        12.1

 12      2           1           1        10.8

 13      3           1           3         9.5

 14      3           1           1         8.1

 15      3           1           2         8.7

 16      3           2           3         9.8

 17      3           2           1         8.2

 18      3           2           2         9.3

--------------------------------------------------------------------------
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The GLM Procedure

    Class Level Information

Class           Levels    Values

fertilizer           2    1 2

variety              3    1 2 3

block                3    1 2 3

Number of Observations Read          18

Number of Observations Used          18

--------------------------------------------------------------------------
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The GLM Procedure

Dependent Variable: yield

                                    Sum of

Source                    DF       Squares   Mean Square  F Value  Pr > F

Model                      9   35.09833333    3.89981481   137.64  <.0001

Error                      8    0.22666667    0.02833333

Corrected Total           17   35.32500000

R-Square     Coeff Var      Root MSE    yield Mean

0.993583      1.570685      0.168325      10.71667

Source                    DF     Type I SS   Mean Square  F Value  Pr > F

fertilizer                 1    0.84500000    0.84500000    29.82  0.0006

variety                    2    5.34333333    2.67166667    94.29  <.0001

fertilizer*variety         2    0.00333333    0.00166667     0.06  0.9433

block                      2   28.86333333   14.43166667   509.35  <.0001

fertilizer*block           2    0.04333333    0.02166667     0.76  0.4967

Source                    DF   Type III SS   Mean Square  F Value  Pr > F

fertilizer                 1    0.84500000    0.84500000    29.82  0.0006

variety                    2    5.34333333    2.67166667    94.29  <.0001

fertilizer*variety         2    0.00333333    0.00166667     0.06  0.9433

block                      2   28.86333333   14.43166667   509.35  <.0001

--------------------------------------------------------------------------
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The GLM Procedure

Dependent Variable: yield

Source                    DF   Type III SS   Mean Square  F Value  Pr > F

fertilizer*block           2    0.04333333    0.02166667     0.76  0.4967

                Tests of Hypotheses Using the Type III MS

                  for fertilizer*block as an Error Term

Source                    DF   Type III SS   Mean Square  F Value  Pr > F

fertilizer                 1    0.84500000    0.84500000    39.00  0.0247

ii.
Fixed/Random/Mixed Effects Models

Fixed Effect = levels of Factor are of particular interest for inference [how do mean responses differ at different factor levels?]

Random Effect = levels of Factor are selected from population of possible factor levels – levels are not of particular inference [is this factor an important source of variation in the distribution of responses?]

Fixed Effects models = comprised of ONLY Fixed factors
e.g. yij =  + i + ij  where i = 0 and ij ~ ind. N(0, 
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H0: 1 =2 =…=t =0 

E[yij] =  + i
V[yij] =  
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Random Effects models = comprised of ONLY Random factors 

e.g. yij =  + i + ij  where i ~ N(0, 
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 ) and ij ~ ind. N(0, 
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H0: 
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E[yij] = 
V[yij] = 
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Mixed Effects models = has both fixed and random factors

Random Effects Models

yij =  + i + ij  where i ~ N(0, 
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 ) and ij ~ ind. N(0, 
[image: image11.wmf]2

e

s

 )

title "Random effect";

title2 "Ott/Longnecker p. 981 - example 17.1";

data draneff;

  input station intensity @@;

  datalines;

1 20 1 1050 1 3200 1 5600 1 50

2 4300 2 70 2 2560 2 3650 2 80

3 100 3 7700 3 8500 3 2960 3 3340

;

proc glm;

  class station;

  model intensity=station;

  random station;

run;

ods html close;

--------------------------------------------------------------------------
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Ott/Longnecker p. 981 - example 17.1

The GLM Procedure

   Class Level Information

Class         Levels    Values

station            3    1 2 3

Number of Observations Read          15

Number of Observations Used          15

--------------------------------------------------------------------------
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Ott/Longnecker p. 981 - example 17.1

The GLM Procedure

Dependent Variable: intensity

                                    Sum of

Source                    DF       Squares   Mean Square  F Value  Pr > F

Model                      2    20259573.3    10129786.7     1.38  0.2884

Error                     12    87989600.0     7332466.7

Corrected Total           14   108249173.3

R-Square     Coeff Var      Root MSE    intensity Mean

0.187157      94.06622      2707.853          2878.667

Source                    DF     Type I SS   Mean Square  F Value  Pr > F

station                    2   20259573.33   10129786.67     1.38  0.2884

Source                    DF   Type III SS   Mean Square  F Value  Pr > F

station                    2   20259573.33   10129786.67     1.38  0.2884

--------------------------------------------------------------------------
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Ott/Longnecker p. 981 - example 17.1

The GLM Procedure

Source                  Type III Expected Mean Square

station                 Var(Error) + 5 Var(station)

--------------------------------------------------------------------------

So, Est. Var(Error) = MSE = 7,332,466.7

Est. Var(Station) = [MS(station) – MSE]/5 = [10129786.67 - 7332466.7]/5 = 559,463.994 
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Ott/Longnecker p. 981 - example 17.1

The Mixed Procedure

                  Model Information

Data Set                     WORK.DRANEFF

Dependent Variable           intensity

Covariance Structure         Variance Components

Estimation Method            REML

Residual Variance Method     Profile

Fixed Effects SE Method      Model-Based

Degrees of Freedom Method    Containment

              Class Level Information

Class      Levels    Values

station         3    1 2 3

            Dimensions

Covariance Parameters             2

Columns in X                      1

Columns in Z                      3

Subjects                          1

Max Obs Per Subject              15

          Number of Observations

Number of Observations Read              15

Number of Observations Used              15

--------------------------------------------------------------------------
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Ott/Longnecker p. 981 - example 17.1

The Mixed Procedure

          Number of Observations

Number of Observations Not Used           0

                     Iteration History

Iteration    Evaluations    -2 Res Log Like       Criterion

        0              1       264.49077455

        1              1       264.39418117      0.00000000

                   Convergence criteria met.

Covariance Parameter

      Estimates

Cov Parm     Estimate

station        559464

Residual      7332467 <- WITHIN STATION variability > BETWEEN STATION variability
           Fit Statistics

-2 Res Log Likelihood           264.4

AIC (smaller is better)         268.4

AICC (smaller is better)        269.5

BIC (smaller is better)         266.6
iii. Repeated Measures Data Models

yij =  + i + j + ij  where i = 0,  j ~ ind. N(0, 
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 ),  and ij ~ ind. N(0, 
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Repeated measurements Examples:

1.
Respondents in the same household

2.
Students in the same classroom

3.
Pups in the same litter

4.
Multiple measurements of the same individual [repeated measurements, longitudinal, time series, growth curves]

/*

  Repeated measures - OL Table 18.2

  Treatment = burned, control

  Response = # of Distichlis spicata 

     measured at 9 different times

*/
options formdlim="-";

data OL18p2;

title "Comparing Burned-Control plots overtime (OL 18.2)";

title2 "response = # D. spicata observed";

do treatment = 0 to 1;

  do tract=1 to 20;

    do date=1 to 8;


  input response @@;


  output;


end;

  end;

end;

datalines;

27  25  18  21  26  22  20  27

 5  15  10  12  10  11  12  9

17  26  26  25  15  10  14  17

41  41  42  38  34  26  26  25

25  28  22  27  24  16  18  23

11  24  13  20  16  13  10  14

37  40  33  31  32  30  25  31

38  38  33  38  39  35  32  38

31  33  25  30  28  21  17  19

24  25  21  24  24  19  17  22

22  27  31  30  32  30  25  34

26  45  39  35  35  36  30  27

32  38  34  45  41  28  31  31

35  37  35  42  35  32  27  29

26  23  19  18  21  13  11  19

22  29  24  24  20  16  18  24

50  54  56  60  51  52  49  52

17  29  23  39  31  24  26  34

25  37  29  32  28  14  13  24

33  39  39  48  36  34  30  34

 7  0  0  1  0  0  0  0

57  46  49  51  48  43  40  40

43  59  59  60  58  53  55  58

43  53  52  53  53  53  52  54

59  55  59  60  54  47  54  53

42  48  50  48  43  37  38  38

35  42  50  55  41  40  44  45

40  51  53  57  53  38  43  36

24  52  54  59  57  55  57  39

42  49  50  54  51  44  39  41

16  31  39  47  24  22  33  35

54  58  60  60  54  51  48  51

30  43  43  47  39  36  49  56

47  50  60  60  54  52  57  57

40  40  47  49  43  41  48  52

11  23  27  31  17  19  24  29

41  45  42  44  41  33  31  42

50  52  55  53  45  42  35  51

8  8  7  12  6  5  8  10

0  0  0  1  0  0  0  0

;

* convert "date" to the number of months;
data OL18p2; set OL18p2;

  month = 0*(date=1) + 9*(date=2) + 12*(date=3) + 14*(date=4) +

         18*(date=5) +21*(date=6) + 24*(date=7) + 27*(date=8);

  cmonth = month - 13.5;

  cmonth2 = cmonth**2;

  cmonth3 = cmonth**3;

proc print;

  run;

/* generate mean profile plots */
proc sort; by treatment month;

proc means noprint; by treatment month;

  var response;

  output out=dprofile mean=ymean;

  run;

proc print;

  run;

proc plot data=dprofile;

title3 "Mean profile plot";

plot ymean*month=treatment;

  run;

proc mixed data=OL18p2;   * analogous to report in book p. 1037;
  class treatment month tract;

  model response = treatment month treatment*month;

  random intercept / subject=tract(treatment) solution;

  lsmeans treatment*month / adjust=bon slice=month;

  run;

proc mixed data=OL18p2;   * analogous to report in book p. 1037;
  class treatment month tract;

  model response = treatment month treatment*month;

  repeated / type=cs subject=tract(treatment);

  lsmeans treatment*month / adjust=bon slice=month;

  run;  [this MIXED output not included since matches previous code]
proc mixed data=OL18p2;   * random coefficient - cubic pattern;
  class treatment tract;

  model response = treatment cmonth cmonth2 cmonth3 / solution;

  random intercept / subject=tract(treatment) solution;

  run;

--------------------------------------------------------------------------
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response = # D. spicata observed

Obs  treatment  tract  date  response  month  cmonth  cmonth2   cmonth3

  1      0        1      1      27        0    -13.5   182.25  -2460.38

  2      0        1      2      25        9     -4.5    20.25    -91.13

  3      0        1      3      18       12     -1.5     2.25     -3.38

  4      0        1      4      21       14      0.5     0.25      0.13

  5      0        1      5      26       18      4.5    20.25     91.13

  6      0        1      6      22       21      7.5    56.25    421.88

  7      0        1      7      20       24     10.5   110.25   1157.63

  8      0        1      8      27       27     13.5   182.25   2460.38

  9      0        2      1       5        0    -13.5   182.25  -2460.38

 10      0        2      2      15        9     -4.5    20.25    -91.13

 11      0        2      3      10       12     -1.5     2.25     -3.38

 12      0        2      4      12       14      0.5     0.25      0.13

 13      0        2      5      10       18      4.5    20.25     91.13

 14      0        2      6      11       21      7.5    56.25    421.88

 15      0        2      7      12       24     10.5   110.25   1157.63

 16      0        2      8       9       27     13.5   182.25   2460.38

 17      0        3      1      17        0    -13.5   182.25  -2460.38

 18      0        3      2      26        9     -4.5    20.25    -91.13

 19      0        3      3      26       12     -1.5     2.25     -3.38

 20      0        3      4      25       14      0.5     0.25      0.13

 21      0        3      5      15       18      4.5    20.25     91.13

 22      0        3      6      10       21      7.5    56.25    421.88

 23      0        3      7      14       24     10.5   110.25   1157.63

 24      0        3      8      17       27     13.5   182.25   2460.38

 25      0        4      1      41        0    -13.5   182.25  -2460.38

 26      0        4      2      41        9     -4.5    20.25    -91.13

 27      0        4      3      42       12     -1.5     2.25     -3.38

 28      0        4      4      38       14      0.5     0.25      0.13

 29      0        4      5      34       18      4.5    20.25     91.13

 30      0        4      6      26       21      7.5    56.25    421.88

 31      0        4      7      26       24     10.5   110.25   1157.63

. . . 

311      1        19     7       8       24     10.5   110.25   1157.63

312      1        19     8      10       27     13.5   182.25   2460.38

313      1        20     1       0        0    -13.5   182.25  -2460.38

314      1        20     2       0        9     -4.5    20.25    -91.13

315      1        20     3       0       12     -1.5     2.25     -3.38

316      1        20     4       1       14      0.5     0.25      0.13

317      1        20     5       0       18      4.5    20.25     91.13

318      1        20     6       0       21      7.5    56.25    421.88

319      1        20     7       0       24     10.5   110.25   1157.63

320      1        20     8       0       27     13.5   182.25   2460.38

--------------------------------------------------------------------------
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response = # D. spicata observed

Obs    treatment    month    _TYPE_    _FREQ_    ymean

  1        0           0        0        20      27.20

  2        0           9        0        20      32.65

  3        0          12        0        20      28.60

  4        0          14        0        20      31.95

  5        0          18        0        20      28.90

  6        0          21        0        20      24.10

  7        0          24        0        20      22.55

  8        0          27        0        20      26.65

  9        1           0        0        20      34.45

 10        1           9        0        20      40.25

 11        1          12        0        20      42.80

 12        1          14        0        20      45.10

 13        1          18        0        20      39.05

 14        1          21        0        20      35.55

 15        1          24        0        20      37.75

 16        1          27        0        20      39.35

--------------------------------------------------------------------------
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response = # D. spicata observed

Mean profile plot

           Plot of ymean*month.  Symbol is value of treatment.
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response = # D. spicata observed

The Mixed Procedure

                  Model Information

Data Set                     WORK.OL18P2

Dependent Variable           response

Covariance Structure         Variance Components

Subject Effect               tract(treatment)

Estimation Method            REML

Residual Variance Method     Profile

Fixed Effects SE Method      Model-Based

Degrees of Freedom Method    Containment

               Class Level Information

Class        Levels    Values

treatment         2    0 1

month             8    0 9 12 14 18 21 24 27

tract            20    1 2 3 4 5 6 7 8 9 10 11 12 13

                       14 15 16 17 18 19 20

            Dimensions

Covariance Parameters             2

Columns in X                     27

Columns in Z Per Subject          1

Subjects                         40

Max Obs Per Subject               8

--------------------------------------------------------------------------
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response = # D. spicata observed

The Mixed Procedure

          Number of Observations

Number of Observations Read             320

Number of Observations Used             320

Number of Observations Not Used           0

                     Iteration History

Iteration    Evaluations    -2 Res Log Like       Criterion

        0              1      2548.26819210

        1              1      2000.96130264      0.00000000

                   Convergence criteria met.

      Covariance Parameter Estimates

Cov Parm      Subject             Estimate

Intercept     tract(treatment)      197.52

Residual                           21.0070

           Fit Statistics

-2 Res Log Likelihood          2001.0

AIC (smaller is better)        2005.0

--------------------------------------------------------------------------

Comparing Burned-Control plots overtime (OL 18.2)                       79

response = # D. spicata observed

The Mixed Procedure

           Fit Statistics

AICC (smaller is better)       2005.0

BIC (smaller is better)        2008.3
                      Solution for Random Effects

                                        Std Err

Effect     treatment  tract  Estimate      Pred    DF  t Value  Pr > |t|

Intercept  0           1      -4.5150    3.5125   266    -1.29    0.1998

Intercept  0           2     -17.0977    3.5125   266    -4.87    <.0001

Intercept  0           3      -8.9559    3.5125   266    -2.55    0.0113

Intercept  0           4       6.2173    3.5125   266     1.77    0.0779

Intercept  0           5      -4.8851    3.5125   266    -1.39    0.1655

Intercept  0           6     -12.5334    3.5125   266    -3.57    0.0004

Intercept  0           7       4.4903    3.5125   266     1.28    0.2022

Intercept  0           8       8.4378    3.5125   266     2.40    0.0170

Intercept  0           9      -2.2945    3.5125   266    -0.65    0.5142

Intercept  0          10      -5.7486    3.5125   266    -1.64    0.1029

Intercept  0          11       1.0362    3.5125   266     0.30    0.7682

Intercept  0          12       6.2173    3.5125   266     1.77    0.0779

Intercept  0          13       7.0809    3.5125   266     2.02    0.0448

Intercept  0          14       6.0940    3.5125   266     1.73    0.0839

Intercept  0          15      -8.9559    3.5125   266    -2.55    0.0113

Intercept  0          16      -5.6252    3.5125   266    -1.60    0.1105

Intercept  0          17      24.8447    3.5125   266     7.07    <.0001

Intercept  0          18      0.04934    3.5125   266     0.01    0.9888

Intercept  0          19      -2.5412    3.5125   266    -0.72    0.4700

Intercept  0          20       8.6845    3.5125   266     2.47    0.0140

Intercept  1           1     -37.7852    3.5125   266   -10.76    <.0001

Intercept  1           2       7.3646    3.5125   266     2.10    0.0370

Intercept  1           3      16.1232    3.5125   266     4.59    <.0001

Intercept  1           4      12.1756    3.5125   266     3.47    0.0006

Intercept  1           5      15.6297    3.5125   266     4.45    <.0001

Intercept  1           6       3.6638    3.5125   266     1.04    0.2979

Intercept  1           7       4.6507    3.5125   266     1.32    0.1866

Intercept  1           8       6.9945    3.5125   266     1.99    0.0475

Intercept  1           9      10.2019    3.5125   266     2.90    0.0040

Intercept  1          10       6.8712    3.5125   266     1.96    0.0515

Intercept  1          11      -8.3021    3.5125   266    -2.36    0.0188

Intercept  1          12      15.0129    3.5125   266     4.27    <.0001

Intercept  1          13       3.5404    3.5125   266     1.01    0.3144

Intercept  1          14      15.1363    3.5125   266     4.31    <.0001

Intercept  1          15       5.6376    3.5125   266     1.60    0.1097

Intercept  1          16     -16.4439    3.5125   266    -4.68    <.0001

Intercept  1          17       0.5798    3.5125   266     0.17    0.8690

Intercept  1          18       8.4748    3.5125   266     2.41    0.0165

Intercept  1          19     -30.8770    3.5125   266    -8.79    <.0001

Intercept  1          20     -38.6487    3.5125   266   -11.00    <.0001

--------------------------------------------------------------------------
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response = # D. spicata observed

Mean profile plot

The Mixed Procedure

           Type 3 Tests of Fixed Effects

                    Num     Den

Effect               DF      DF    F Value    Pr > F

treatment             1      38       6.56    0.0145

month                 7     266      19.35    <.0001

treatment*month       7     266       4.10    0.0003
[some output deleted]
Tests of Effect Slices

                             Num     Den

Effect             month      DF      DF    F Value    Pr > F

treatment*month     0          1     266       2.41    0.1221

treatment*month     9          1     266       2.64    0.1052

treatment*month    12          1     266       9.23    0.0026

treatment*month    14          1     266       7.91    0.0053

treatment*month    18          1     266       4.71    0.0308

treatment*month    21          1     266       6.00    0.0150

treatment*month    24          1     266      10.57    0.0013

treatment*month    27          1     266       7.38    0.0070

RANDOM COEFFICIENTS MODEL – MONTH MODELED as a CUBIC FUNCTION
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response = # D. spicata observed

The Mixed Procedure

                  Model Information

Data Set                     WORK.OL18P2

Dependent Variable           response

Covariance Structure         Variance Components

Subject Effect               tract(treatment)

Estimation Method            REML

Residual Variance Method     Profile

Fixed Effects SE Method      Model-Based

Degrees of Freedom Method    Containment

               Class Level Information

Class        Levels    Values

treatment         2    0 1

tract            20    1 2 3 4 5 6 7 8 9 10 11 12 13

                       14 15 16 17 18 19 20

            Dimensions

Covariance Parameters             2

Columns in X                      6

Columns in Z Per Subject          1

Subjects                         40

Max Obs Per Subject               8

--------------------------------------------------------------------------
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response = # D. spicata observed

The Mixed Procedure

          Number of Observations

Number of Observations Read             320

Number of Observations Used             320

Number of Observations Not Used           0

                     Iteration History

Iteration    Evaluations    -2 Res Log Like       Criterion

        0              1      2638.03687266

        1              1      2115.77435575      0.00000000

                   Convergence criteria met.

      Covariance Parameter Estimates

Cov Parm      Subject             Estimate

Intercept     tract(treatment)      197.05

Residual                           24.7648

           Fit Statistics

-2 Res Log Likelihood          2115.8

AIC (smaller is better)        2119.8

--------------------------------------------------------------------------
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response = # D. spicata observed

The Mixed Procedure

           Fit Statistics

AICC (smaller is better)       2119.8

BIC (smaller is better)        2123.2

                      Solution for Fixed Effects

                                   Standard

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

Intercept                41.6515     3.1765     38     13.11     <.0001

treatment   0           -11.4625     4.4738     38     -2.56     0.0145

treatment   1                  0          .      .       .        .

cmonth                   -0.6065    0.09638    277     -6.29     <.0001

cmonth2                 -0.02500   0.003884    277     -6.44     <.0001

cmonth3                 0.003646   0.000611    277      5.96     <.0001
        Type 3 Tests of Fixed Effects

              Num     Den

Effect         DF      DF    F Value    Pr > F

treatment       1      38       6.56    0.0145

cmonth          1     277      39.59    <.0001

cmonth2         1     277      41.42    <.0001

cmonth3         1     277      35.57    <.0001
/*----------------------------------------------------------

Availability (p. 1033) of drug over time as a function of 

  dose form

----------------------------------------------------------*/
data OL18p3;

title "Availability of diff. drug forms over time";

title2 "OL 18.3 (p. 1033)";

  do icap = 1 to 2;

    do subject = 1 to 5;


  do tt = 0 to 4;


    if tt = 0 then time = 0.5;



  else time=tt;



if icap=1 then form="Tablet ";



  else form="Capsule";



input avail @@;



output;


  end;


end;

  end;

datalines;

50 75 120 60 30

40 80 135 70 40

55 75 125 85 50

70 85 140 90 40

60 90 150 95 50

30 55 80 130 65

25 50 75 125 60

35 65 85 140 85

45 70 90 145 80

50 75 95 160 90

;

proc print data= OL18p3;

  var form subject time avail;

  run;

/* generate mean profile plots */
proc sort; by form time;

proc means noprint; by form time;

  var avail;

  output out=dprofile2 mean=ymean;

  run;

proc print;

  run;

proc plot data=dprofile2;

title3 "Mean profile plot";

  plot ymean*time=form;

  run;

data OL18p3; set OL18p3;

* define the quadratic term;
  time2=time**2;

/* spaghetti plots - individual profiles */
proc plot data=OL18p3;

title3 "Spaghetti plot - tablet";

  plot avail*time=subject;

  where form="Tablet ";

  run;

proc plot data=OL18p3;

title3 "Spaghetti plot - Capsule";

  plot avail*time=subject;

  where form= "Capsule";

  run;

proc mixed data=OL18p3;   * analogous to report in book p. 1034;
title3 "mixed model results";

  class form time subject;

  model avail = form time form*time;

  random intercept / subject=subject(form) solution;

  lsmeans form*time / adjust=bon slice=time;

  run;

/* could use NLMIXED if you have a PK model for availability */

--------------------------------------------------------------------------
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OL 18.3 (p. 1033)

Obs     form      subject    time    avail

  1    Tablet        1        0.5      50

  2    Tablet        1        1.0      75

  3    Tablet        1        2.0     120

  4    Tablet        1        3.0      60

  5    Tablet        1        4.0      30

  6    Tablet        2        0.5      40

  7    Tablet        2        1.0      80

  8    Tablet        2        2.0     135

  9    Tablet        2        3.0      70

 10    Tablet        2        4.0      40

 11    Tablet        3        0.5      55

 12    Tablet        3        1.0      75

 13    Tablet        3        2.0     125

 14    Tablet        3        3.0      85

 15    Tablet        3        4.0      50

 16    Tablet        4        0.5      70

 17    Tablet        4        1.0      85

 18    Tablet        4        2.0     140

 19    Tablet        4        3.0      90

 20    Tablet        4        4.0      40

 21    Tablet        5        0.5      60

 22    Tablet        5        1.0      90

 23    Tablet        5        2.0     150

 24    Tablet        5        3.0      95

 25    Tablet        5        4.0      50

 26    Capsule       1        0.5      30

 27    Capsule       1        1.0      55

 28    Capsule       1        2.0      80

 29    Capsule       1        3.0     130

 30    Capsule       1        4.0      65

 31    Capsule       2        0.5      25

 32    Capsule       2        1.0      50

 33    Capsule       2        2.0      75

 34    Capsule       2        3.0     125

 35    Capsule       2        4.0      60

 36    Capsule       3        0.5      35

 37    Capsule       3        1.0      65

 38    Capsule       3        2.0      85

 39    Capsule       3        3.0     140

 40    Capsule       3        4.0      85

 41    Capsule       4        0.5      45

 42    Capsule       4        1.0      70

 43    Capsule       4        2.0      90

 44    Capsule       4        3.0     145

 45    Capsule       4        4.0      80

 46    Capsule       5        0.5      50

 47    Capsule       5        1.0      75

 48    Capsule       5        2.0      95

 49    Capsule       5        3.0     160

 50    Capsule       5        4.0      90

--------------------------------------------------------------------------
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OL 18.3 (p. 1033)

Obs     form      time    _TYPE_    _FREQ_    ymean

  1    Capsule     0.5       0         5        37

  2    Capsule     1.0       0         5        63

  3    Capsule     2.0       0         5        85

  4    Capsule     3.0       0         5       140

  5    Capsule     4.0       0         5        76

  6    Tablet      0.5       0         5        55

  7    Tablet      1.0       0         5        81

  8    Tablet      2.0       0         5       134

  9    Tablet      3.0       0         5        80

 10    Tablet      4.0       0         5        42

--------------------------------------------------------------------------
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OL 18.3 (p. 1033)

Mean profile plot

              Plot of ymean*time.  Symbol is value of form.
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OL 18.3 (p. 1033)

Spaghetti plot - tablet

             Plot of avail*time.  Symbol is value of subject.
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NOTE: 6 obs hidden.

--------------------------------------------------------------------------
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OL 18.3 (p. 1033)

Spaghetti plot - Capsule

             Plot of avail*time.  Symbol is value of subject.
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NOTE: 7 obs hidden.
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Availability of diff. drug forms over time                             149

OL 18.3 (p. 1033)

mixed model results

The Mixed Procedure

                  Model Information

Data Set                     WORK.OL18P3

Dependent Variable           avail

Covariance Structure         Variance Components

Subject Effect               subject(form)

Estimation Method            REML

Residual Variance Method     Profile

Fixed Effects SE Method      Model-Based

Degrees of Freedom Method    Containment

              Class Level Information

Class      Levels    Values

form            2    Capsule Tablet

time            5    0.5 1 2 3 4

subject         5    1 2 3 4 5

            Dimensions

Covariance Parameters             2

Columns in X                     18

Columns in Z Per Subject          1

Subjects                         10

Max Obs Per Subject               5

--------------------------------------------------------------------------
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OL 18.3 (p. 1033)

mixed model results

The Mixed Procedure

          Number of Observations

Number of Observations Read              50

Number of Observations Used              50

Number of Observations Not Used           0

                     Iteration History

Iteration    Evaluations    -2 Res Log Like       Criterion

        0              1       321.93390298

        1              1       288.66283831      0.00000000

                   Convergence criteria met.

    Covariance Parameter Estimates

Cov Parm      Subject          Estimate

Intercept     subject(form)     91.8750

Residual                        30.6250

           Fit Statistics

-2 Res Log Likelihood           288.7

AIC (smaller is better)         292.7

--------------------------------------------------------------------------
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OL 18.3 (p. 1033)

mixed model results

The Mixed Procedure

           Fit Statistics

AICC (smaller is better)        293.0

BIC (smaller is better)         293.3

                      Solution for Random Effects

                                        Std Err

Effect     form     subject  Estimate      Pred    DF  t Value  Pr > |t|

Intercept  Capsule  1         -7.6875    4.7926    32    -1.60    0.1185

Intercept  Capsule  2        -12.3750    4.7926    32    -2.58    0.0146

Intercept  Capsule  3          1.6875    4.7926    32     0.35    0.7271

Intercept  Capsule  4          5.4375    4.7926    32     1.13    0.2650

Intercept  Capsule  5         12.9375    4.7926    32     2.70    0.0110

Intercept  Tablet   1        -10.6875    4.7926    32    -2.23    0.0329

Intercept  Tablet   2         -5.0625    4.7926    32    -1.06    0.2987

Intercept  Tablet   3         -0.3750    4.7926    32    -0.08    0.9381

Intercept  Tablet   4          6.1875    4.7926    32     1.29    0.2059

Intercept  Tablet   5          9.9375    4.7926    32     2.07    0.0463

        Type 3 Tests of Fixed Effects

              Num     Den

Effect         DF      DF    F Value    Pr > F

form            1       8       0.08    0.7810

time            4      32     279.90    <.0001

form*time       4      32     158.96    <.0001
Least Squares Means

                                    Standard

Effect     form     time  Estimate     Error    DF  t Value  Pr > |t|

form*time  Capsule  0.5    37.0000    4.9497    32     7.48    <.0001

form*time  Capsule    1    63.0000    4.9497    32    12.73    <.0001

form*time  Capsule    2    85.0000    4.9497    32    17.17    <.0001

form*time  Capsule    3     140.00    4.9497    32    28.28    <.0001

form*time  Capsule    4    76.0000    4.9497    32    15.35    <.0001

form*time  Tablet   0.5    55.0000    4.9497    32    11.11    <.0001

form*time  Tablet     1    81.0000    4.9497    32    16.36    <.0001

form*time  Tablet     2     134.00    4.9497    32    27.07    <.0001

form*time  Tablet     3    80.0000    4.9497    32    16.16    <.0001

form*time  Tablet     4    42.0000    4.9497    32     8.49    <.0001
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OL 18.3 (p. 1033)

mixed model results

The Mixed Procedure

                Tests of Effect Slices

                      Num     Den

Effect       time      DF      DF    F Value    Pr > F

form*time    0.5        1      32       6.61    0.0150

form*time      1        1      32       6.61    0.0150

form*time      2        1      32      49.00    <.0001

form*time      3        1      32      73.47    <.0001

form*time      4        1      32      23.59    <.0001
/* GROWTH CURVE EXAMPLE */
options nocenter formdlim="-";
/* data from Verbeke and Molenberghs 2.5 

   age(yrs); dist (center of pituitary to maxillary fissure)

*/

data growth; 

  input girl age dist @@;
  char_girl = put(girl, $1.);

  if girl=10 then char_girl="A";

  if girl=11 then char_girl="B";

  datalines;

1 8 21 1 10 20 1 12 21.5 1 14 23

2 8 21 2 10 21.5 2 12 24 2 14 25.5

3 8 20.5 3 10 24.0 3 12 24.5 3 14 26

4 8 23.5 4 10 24.5 4 12 25.0 4 14 26.5

5 8 21.5 5 10 23 4 12 22.5 4 14 23.5

6 8 20 6 10 21 6 12 21 6 14 22.5

7 8 21.5 7 10 22.5 7 12 23.0 7 14 25

8 8 23 8 10 23 8 12 23.5 8 14 24

9 8 20 9 10 21 9 12 22 9 14 21.5

10 8 16.5 10 10 19 10 12 19 10 14 19.5

11 8 24.5 11 10 25 11 12 28 11 14 28

;

proc plot;

title “Growth data for 11 girls– pituitary to maxillary fissure”;

  plot dist*age=char_girl;

  run;

proc reg data = growth;

title2 "OLS ignoring multiple measurements per girl";

  model dist = age;

  run;
proc mixed data=growth;

  model dist = age / solution;

  run;

proc mixed data=growth;

  title2 "Random intercept for each girl";

  class girl;

  model dist = age / solution;

  random intercept / type=un subject=girl;

  run;

proc mixed data=growth;

  title2 "Random intercept and slope for each girl";

  class girl;

  model dist = age / solution;

  random intercept age / type=un subject=girl;

  run;

Growth data for 11 girls - pituitary to maxillary fissure              187

                              char_

Obs    girl    age    dist    girl

  1      1       8    21.0      1

  2      1      10    20.0      1

  3      1      12    21.5      1

  4      1      14    23.0      1

  5      2       8    21.0      2

  6      2      10    21.5      2

  7      2      12    24.0      2

  8      2      14    25.5      2

  9      3       8    20.5      3

 10      3      10    24.0      3

 11      3      12    24.5      3

 12      3      14    26.0      3

 13      4       8    23.5      4

 14      4      10    24.5      4

 15      4      12    25.0      4

 16      4      14    26.5      4

 17      5       8    21.5      5

 18      5      10    23.0      5

 19      4      12    22.5      4

 20      4      14    23.5      4

 21      6       8    20.0      6

 22      6      10    21.0      6

 23      6      12    21.0      6

 24      6      14    22.5      6

 25      7       8    21.5      7

 26      7      10    22.5      7

 27      7      12    23.0      7

 28      7      14    25.0      7

 29      8       8    23.0      8

 30      8      10    23.0      8

 31      8      12    23.5      8

 32      8      14    24.0      8

 33      9       8    20.0      9

 34      9      10    21.0      9

 35      9      12    22.0      9

 36      9      14    21.5      9

 37     10       8    16.5      A

 38     10      10    19.0      A

 39     10      12    19.0      A

 40     10      14    19.5      A

 41     11       8    24.5      B

 42     11      10    25.0      B

 43     11      12    28.0      B

 44     11      14    28.0      B
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             Plot of dist*age.  Symbol is value of char_girl.

      dist ‚

      28.0 ˆ                                    B                B

      27.5 ˆ

      27.0 ˆ

      26.5 ˆ                                                     4

      26.0 ˆ                                                     3

      25.5 ˆ                                                     2

      25.0 ˆ                   B                4                7

      24.5 ˆ  B                4                3

      24.0 ˆ                   3                2                8

      23.5 ˆ  4                                 8                4

      23.0 ˆ  8                5                7                1

      22.5 ˆ                   7                4                6

      22.0 ˆ                                    9

      21.5 ˆ  5                2                1                9

      21.0 ˆ  1                6                6

      20.5 ˆ  3

      20.0 ˆ  6                1

      19.5 ˆ                                                     A

      19.0 ˆ                   A                A

      18.5 ˆ

      18.0 ˆ

      17.5 ˆ

      17.0 ˆ

      16.5 ˆ  A

           ‚

           Šƒƒˆƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒ

              8               10               12               14

                                      age

NOTE: 5 obs hidden.
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OLS ignoring multiple measurements per girl

The REG Procedure

Model: MODEL1

Dependent Variable: dist

Number of Observations Read          44

                          Analysis of Variance

                                  Sum of          Mean

Source                  DF       Squares        Square   F Value   Pr > F

Model                    1      50.59205      50.59205     10.80   0.0021

Error                   42     196.69773       4.68328

Corrected Total         43     247.28977

Root MSE              2.16409    R-Square     0.2046

Dependent Mean       22.64773    Adj R-Sq     0.1856

Coeff Var             9.55543
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OLS ignoring multiple measurements per girl

The REG Procedure

Model: MODEL1

Dependent Variable: dist

                        Parameter Estimates

                     Parameter       Standard

Variable     DF       Estimate          Error    t Value    Pr > |t|

Intercept     1       17.37273        1.63776      10.61      <.0001

age           1        0.47955        0.14590       3.29      0.0021
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Random intercept for each girl

The Mixed Procedure

                  Model Information

Data Set                     WORK.GROWTH

Dependent Variable           dist

Covariance Structure         Unstructured

Subject Effect               girl

Estimation Method            REML

Residual Variance Method     Profile

Fixed Effects SE Method      Model-Based

Degrees of Freedom Method    Containment

             Class Level Information

Class    Levels    Values

girl         11    1 2 3 4 5 6 7 8 9 10 11

            Dimensions

Covariance Parameters             2

Columns in X                      2

Columns in Z Per Subject          1

Subjects                         11

Max Obs Per Subject               6
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Random intercept for each girl

The Mixed Procedure

          Number of Observations

Number of Observations Read              44

Number of Observations Used              44

Number of Observations Not Used           0

                     Iteration History

Iteration    Evaluations    -2 Res Log Like       Criterion

        0              1       193.21659319

        1              2       152.71449572      0.00000000

                   Convergence criteria met.

 Covariance Parameter Estimates

Cov Parm     Subject    Estimate

UN(1,1)      girl         3.9212

Residual                  0.8982

           Fit Statistics

-2 Res Log Likelihood           152.7

AIC (smaller is better)         156.7

AICC (smaller is better)        157.0

BIC (smaller is better)         157.5

  Null Model Likelihood Ratio Test

    DF    Chi-Square      Pr > ChiSq

     1         40.50          <.0001

                   Solution for Fixed Effects

                         Standard

Effect       Estimate       Error      DF    t Value    Pr > |t|

Intercept     17.4914      0.9405      10      18.60      <.0001

age            0.4656     0.06536      32       7.12      <.0001

        Type 3 Tests of Fixed Effects

              Num     Den

Effect         DF      DF    F Value    Pr > F

age             1      32      50.74    <.0001
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Random intercept and slope for each girl

The Mixed Procedure

                  Model Information

Data Set                     WORK.GROWTH

Dependent Variable           dist

Covariance Structure         Unstructured

Subject Effect               girl

Estimation Method            REML

Residual Variance Method     Profile

Fixed Effects SE Method      Model-Based

Degrees of Freedom Method    Containment

             Class Level Information

Class    Levels    Values

girl         11    1 2 3 4 5 6 7 8 9 10 11

            Dimensions

Covariance Parameters             4

Columns in X                      2

Columns in Z Per Subject          2

Subjects                         11

Max Obs Per Subject               6
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Random intercept and slope for each girl

The Mixed Procedure

          Number of Observations

Number of Observations Read              44

Number of Observations Used              44

Number of Observations Not Used           0

                     Iteration History

Iteration    Evaluations    -2 Res Log Like       Criterion

        0              1       193.21659319

        1              4       157.18162896       .

        2              1       153.71858647      0.03514682

        3              1       152.00251520      0.01369376

        4              1       151.37348286      0.00308103

        5              1       151.24233102      0.00022536

        6              1       151.23355762      0.00000153

        7              1       151.23350079      0.00000000

                   Convergence criteria met.

Covariance Parameter Estimates

Cov Parm     Subject    Estimate

UN(1,1)      girl         3.3531

UN(2,1)      girl       -0.08522

UN(2,2)      girl        0.02068

Residual                  0.7762

           Fit Statistics

-2 Res Log Likelihood           151.2

AIC (smaller is better)         159.2

AICC (smaller is better)        160.3

BIC (smaller is better)         160.8

  Null Model Likelihood Ratio Test

    DF    Chi-Square      Pr > ChiSq

     3         41.98          <.0001

                   Solution for Fixed Effects

                         Standard

Effect       Estimate       Error      DF    t Value    Pr > |t|

Intercept     17.4462      0.8800      10      19.83      <.0001

age            0.4707     0.07578      10       6.21      0.0001
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Random intercept and slope for each girl

The Mixed Procedure

        Type 3 Tests of Fixed Effects

              Num     Den

Effect         DF      DF    F Value    Pr > F

age             1      10      38.57    0.0001
MODEL COMPARISONS ... 

	
	BIC
	Population Intercept
	Population Slope
	Var()
	Var(b0)
	Var(b1)

	OLS
	197
	17.3727 (1.6378)
	0.4795 (0.1459)
	4.6833
	****
	****

	Random Intercept
	157.5
	17.49 (0.9405)
	0.4656 (0.06536)
	0.8982
	3.9212
	****

	Random Intercept and Slope
	160.8
	17.4462
(0.8800)
	0.4707 (0.07578)

	0.7762
	3.3531
	0.02068
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