4/4/2007
Cody Smith Chapter 8 Repeated Measures
20

* Cody Smith Chapter 8 Repeated Measures programs;
* p238;
* The following inputs data arrayed as repeated measures

* data but stores it as if it were between subjects

* data.  This means, for example, that the variable DRUG

* has been used to identify the columns;
data pain;

input subj @;

do drug = 1 to 4;

input pain @;

output;

end;

datalines;

1 5 9 6 11

2 7 12 8 9

3 11 12 10 14

4 3 8 5 8

;

proc print data=pain;

run;
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                                  Obs    subj    drug    pain

                                    1      1       1       5

                                    2      1       2       9

                                    3      1       3       6

                                    4      1       4      11

                                    5      2       1       7

                                    6      2       2      12

                                    7      2       3       8

                                    8      2       4       9

                                    9      3       1      11

                                   10      3       2      12

                                   11      3       3      10

                                   12      3       4      14

                                   13      4       1       3

                                   14      4       2       8

                                   15      4       3       5

                                   16      4       4       8

* Analyzing as main effects only;
proc anova data=pain;

title 'One-way Repeated Measures ANOVA';

class subj drug;

model pain = subj drug;*Note:  no |;
means drug / snk;

run;
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                                    Class Level Information

                                Class         Levels    Values

                                subj               4    1 2 3 4

                                drug               4    1 2 3 4

                            Number of Observations Read          16

                            Number of Observations Used          16
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Dependent Variable: pain

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        6     120.5000000      20.0833333      13.64    0.0005

      Error                        9      13.2500000       1.4722222

      Corrected Total             15     133.7500000

                       R-Square     Coeff Var      Root MSE     pain Mean

                       0.900935      14.06785      1.213352      8.625000

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      subj                         3     70.25000000     23.41666667      15.91    0.0006

      drug                         3     50.25000000     16.75000000      11.38    0.0020
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                               Student-Newman-Keuls Test for pain

     NOTE: This test controls the Type I experimentwise error rate under the complete null

                       hypothesis but not under partial null hypotheses.

                               Alpha                        0.05

                               Error Degrees of Freedom        9

                               Error Mean Square        1.472222

                  Number of Means              2              3              4

                  Critical Range       1.9407923      2.3954582      2.6784122

                   Means with the same letter are not significantly different.

                      SNK Grouping          Mean      N    drug

                                 A       10.5000      4    4

                                 A

                                 A       10.2500      4    2

                                 B        7.2500      4    3

                                 B

                                 B        6.5000      4    1

* p 243;
* Analyzing using the repeated subcommand in ANOVA;
* The data will now be arrayed 

* as repeated measures data;
data repeat1;

input subj pain1-pain4;

datalines;

1 5 9 6 11

2 7 12 8 9

3 11 12 10 14

4 3 8 5 8

;

proc anova data=repeat1;

title 'One-way ANOVA Using the REPEATED Statement';

model pain1-pain4 = / nouni; *4 dependent variables;
*NOUNI suppresses separate analyses of each dv; 

repeated drug 4 (1 2 3 4);

* The above requests repeated measures analyis;
run;
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                            Number of Observations Read           4

                            Number of Observations Used           4
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                             Repeated Measures Analysis of Variance

                              Repeated Measures Level Information

                   Dependent Variable       pain1    pain2    pain3    pain4

                        Level of drug           1        2        3        4

        MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no drug Effect

                                 H = Anova SSCP Matrix for drug

                                     E = Error SSCP Matrix

                                     S=1    M=0.5    N=-0.5

        Statistic                        Value    F Value    Num DF    Den DF    Pr > F

        Wilks' Lambda               0.00909295      36.33         3         1    0.1212

        Pillai's Trace              0.99090705      36.33         3         1    0.1212

        Hotelling-Lawley Trace    108.97530864      36.33         3         1    0.1212

        Roy's Greatest Root       108.97530864      36.33         3         1    0.1212
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                             Repeated Measures Analysis of Variance

                   Univariate Tests of Hypotheses for Within Subject Effects

                                                                                    Adj Pr > F

Source                     DF       Anova SS    Mean Square   F Value   Pr > F    G - G    H - F

drug                        3    50.25000000    16.75000000     11.38   0.0020   0.0123   0.0020

Error(drug)                 9    13.25000000     1.47222222

                              Greenhouse-Geisser Epsilon    0.5998

                              Huynh-Feldt Epsilon           1.4433

* p 245;
* The same analysis requesting repeated measures contrasts;
proc anova data=repeat1;

title 'One-way ANOVA Using the Repeated Statement';

model pain1-pain4 = / nouni;

repeated drug4 contrast(1) / noM summary;

repeated drug4 contrast(2) / noM summary;

repeated drug4 contrast(3) / noM summary;

run;
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                            Number of Observations Read           4

                            Number of Observations Used           4
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                             Repeated Measures Analysis of Variance

                              Repeated Measures Level Information

                   Dependent Variable       pain1    pain2    pain3    pain4

                       Level of drug4           1        2        3        4
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                             Repeated Measures Analysis of Variance

                   Univariate Tests of Hypotheses for Within Subject Effects

                                                                                    Adj Pr > F

Source                     DF       Anova SS    Mean Square   F Value   Pr > F    G - G    H - F

drug4                       3    50.25000000    16.75000000     11.38   0.0020   0.0123   0.0020

Error(drug4)                9    13.25000000     1.47222222

                              Greenhouse-Geisser Epsilon    0.5998

                              Huynh-Feldt Epsilon           1.4433
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                             Repeated Measures Analysis of Variance

                           Analysis of Variance of Contrast Variables

drug4_N represents the contrast between the nth level of drug4 and the 1st
Contrast Variable: drug4_2

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      Mean                         1     56.25000000     56.25000000      15.70    0.0287

      Error                        3     10.75000000      3.58333333

Contrast Variable: drug4_3

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      Mean                         1      2.25000000      2.25000000       1.42    0.3189

      Error                        3      4.75000000      1.58333333

Contrast Variable: drug4_4

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      Mean                         1     64.00000000     64.00000000      19.20    0.0220

      Error                        3     10.00000000      3.33333333
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                             Repeated Measures Analysis of Variance

                              Repeated Measures Level Information

                   Dependent Variable       pain1    pain2    pain3    pain4

                       Level of drug4           1        2        3        4
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                             Repeated Measures Analysis of Variance

                   Univariate Tests of Hypotheses for Within Subject Effects

                                                                                    Adj Pr > F

Source                     DF       Anova SS    Mean Square   F Value   Pr > F    G - G    H - F

drug4                       3    50.25000000    16.75000000     11.38   0.0020   0.0123   0.0020

Error(drug4)                9    13.25000000     1.47222222

                              Greenhouse-Geisser Epsilon    0.5998

                              Huynh-Feldt Epsilon           1.4433
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                             Repeated Measures Analysis of Variance

                           Analysis of Variance of Contrast Variables

drug4_N represents the contrast between the nth level of drug4 and the 2nd
Contrast Variable: drug4_1

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      Mean                         1     56.25000000     56.25000000      15.70    0.0287

      Error                        3     10.75000000      3.58333333

Contrast Variable: drug4_3

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      Mean                         1     36.00000000     36.00000000      54.00    0.0052

      Error                        3      2.00000000      0.66666667

Contrast Variable: drug4_4

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      Mean                         1      0.25000000      0.25000000       0.04    0.8460

      Error                        3     16.75000000      5.58333333
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                             Repeated Measures Analysis of Variance

                              Repeated Measures Level Information

                   Dependent Variable       pain1    pain2    pain3    pain4

                       Level of drug4           1        2        3        4

                           One-way ANOVA Using the Repeated Statement                         32

                                                                  16:54 Wednesday, April 4, 2007

                                      The ANOVA Procedure

                             Repeated Measures Analysis of Variance

                   Univariate Tests of Hypotheses for Within Subject Effects

                                                                                    Adj Pr > F

Source                     DF       Anova SS    Mean Square   F Value   Pr > F    G - G    H - F

drug4                       3    50.25000000    16.75000000     11.38   0.0020   0.0123   0.0020

Error(drug4)                9    13.25000000     1.47222222

                              Greenhouse-Geisser Epsilon    0.5998

                              Huynh-Feldt Epsilon           1.4433
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                             Repeated Measures Analysis of Variance

                           Analysis of Variance of Contrast Variables

drug4_N represents the contrast between the nth level of drug4 and the 3rd

Contrast Variable: drug4_1

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      Mean                         1      2.25000000      2.25000000       1.42    0.3189

      Error                        3      4.75000000      1.58333333

Contrast Variable: drug4_2

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      Mean                         1     36.00000000     36.00000000      54.00    0.0052

      Error                        3      2.00000000      0.66666667

Contrast Variable: drug4_4

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      Mean                         1     42.25000000     42.25000000      14.49    0.0319

      Error                        3      8.75000000      2.91666667

* p 246;
* Using proc MIXED to treat SUBJECT as a random effect;
proc mixed data=pain;

title 'One Factor Experiment - Mixed Model';

class subj drug;

model pain = drug;

random subj;

run;
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                                       Model Information

                     Data Set                     WORK.PAIN

                     Dependent Variable           pain

                     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

                       subj          4    1 2 3 4

                       drug          4    1 2 3 4

                                          Dimensions

                              Covariance Parameters             2

                              Columns in X                      5

                              Columns in Z                      4

                              Subjects                          1

                              Max Obs Per Subject              16

                                    Number of Observations

                          Number of Observations Read              16

                          Number of Observations Used              16

                          Number of Observations Not Used           0

                                       Iteration History

                  Iteration    Evaluations    -2 Res Log Like       Criterion

                          0              1        62.87898203

                          1              1        52.54100308      0.00000000

                                   Convergence criteria met.
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                                     Covariance Parameter

                                           Estimates

                                     Cov Parm     Estimate

                                     subj           5.4861

                                     Residual       1.4722

                                        Fit Statistics

                             -2 Res Log Likelihood            52.5

                             AIC (smaller is better)          56.5

                             AICC (smaller is better)         57.9

                             BIC (smaller is better)          55.3

                                 Type 3 Tests of Fixed Effects

                                       Num     Den

                         Effect         DF      DF    F Value    Pr > F

                         drug            3       9      11.38    0.0020
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                                          Statistics

                             Lower CL          Upper CL  Lower CL           Upper CL

Variable  group           N      Mean    Mean      Mean   Std Dev  Std Dev   Std Dev  Std Err

diff      c               3    -1.968       3    7.9683    1.0413        2    12.569   1.1547

diff      t               3    0.3244  10.667    21.009    2.1677   4.1633    26.165   2.4037

diff      Diff (1-2)           -15.07  -7.667    -0.263    1.9568    3.266     9.385   2.6667

                                            T-Tests

             Variable    Method           Variances      DF    t Value    Pr > |t|

             diff        Pooled           Equal           4      -2.88      0.0452

             diff        Satterthwaite    Unequal      2.88      -2.88      0.0671

                                     Equality of Variances

                 Variable    Method      Num DF    Den DF    F Value    Pr > F

                 diff        Folded F         2         2       4.33    0.3750
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                                      The TTEST Procedure

                                          Statistics

                             Lower CL          Upper CL  Lower CL           Upper CL

Variable  group           N      Mean    Mean      Mean   Std Dev  Std Dev   Std Dev  Std Err

diff      c               3    -1.968       3    7.9683    1.0413        2    12.569   1.1547

diff      t               3    0.3244  10.667    21.009    2.1677   4.1633    26.165   2.4037

diff      Diff (1-2)           -15.07  -7.667    -0.263    1.9568    3.266     9.385   2.6667

                                            T-Tests

             Variable    Method           Variances      DF    t Value    Pr > |t|

             diff        Pooled           Equal           4      -2.88      0.0452

             diff        Satterthwaite    Unequal      2.88      -2.88      0.0671

                                     Equality of Variances

                 Variable    Method      Num DF    Den DF    F Value    Pr > F

                 diff        Folded F         2         2       4.33    0.3750
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                                    Class Level Information

                                 Class         Levels    Values

                                 group              2    c t

                            Number of Observations Read           6

                            Number of Observations Used           6
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                             Repeated Measures Analysis of Variance

                              Repeated Measures Level Information

                            Dependent Variable     pretest  postest

                                 Level of time           0        1

        MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no time Effect

                                 H = Anova SSCP Matrix for time

                                     E = Error SSCP Matrix

                                      S=1    M=-0.5    N=1

        Statistic                        Value    F Value    Num DF    Den DF    Pr > F

        Wilks' Lambda               0.13216314      26.27         1         4    0.0069

        Pillai's Trace              0.86783686      26.27         1         4    0.0069

        Hotelling-Lawley Trace      6.56640625      26.27         1         4    0.0069

        Roy's Greatest Root         6.56640625      26.27         1         4    0.0069

     MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no time*group Effect

                              H = Anova SSCP Matrix for time*group

                                     E = Error SSCP Matrix

                                      S=1    M=-0.5    N=1

        Statistic                        Value    F Value    Num DF    Den DF    Pr > F

        Wilks' Lambda               0.32611465       8.27         1         4    0.0452

        Pillai's Trace              0.67388535       8.27         1         4    0.0452

        Hotelling-Lawley Trace      2.06640625       8.27         1         4    0.0452

        Roy's Greatest Root         2.06640625       8.27         1         4    0.0452

* p 247;
* One-Between and One-Within design;
* Design;
*            Pre      Post;
*             80       83;
*  Control    85       86;
*             83       88;
*

              82       94;
* Treatment   87       93;
*             84       98;
*;
data prepost;

 input subj group $ pretest postest;

 diff = postest-pretest;

 datalines;

 1 c 80 83

 23 c 85 86

 3 c 83 88

 4 t 82 94

 5 t 87 93

 6 t 84 98

 ;

 proc ttest data=prepost;

 title 'T-test on Difference Scores';

 class group;

 var diff;

 run;
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                                          Statistics

                             Lower CL          Upper CL  Lower CL           Upper CL

Variable  group           N      Mean    Mean      Mean   Std Dev  Std Dev   Std Dev  Std Err

diff      c               3    -1.968       3    7.9683    1.0413        2    12.569   1.1547

diff      t               3    0.3244  10.667    21.009    2.1677   4.1633    26.165   2.4037

diff      Diff (1-2)           -15.07  -7.667    -0.263    1.9568    3.266     9.385   2.6667

                                            T-Tests

             Variable    Method           Variances      DF    t Value    Pr > |t|

             diff        Pooled           Equal           4      -2.88      0.0452

             diff        Satterthwaite    Unequal      2.88      -2.88      0.0671

                                     Equality of Variances

                 Variable    Method      Num DF    Den DF    F Value    Pr > F

                 diff        Folded F         2         2       4.33    0.3750

 *p 250;
 * Now analyzed as 2 way factorial;
 * with PREPOST and GROUP as factors;
 proc anova data=prepost;

 title1 'Two-way ANOVA with a Repeated Measure on ONe Factor';

 class group;

 model pretest postest = group / noUNI;

 repeated time 2 (0 1);

 means group;

 run;
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                                    Class Level Information

                                 Class         Levels    Values

                                 group              2    c t

                            Number of Observations Read           6

                            Number of Observations Used           6
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                             Repeated Measures Analysis of Variance

                              Repeated Measures Level Information

                            Dependent Variable     pretest  postest

                                 Level of time           0        1

        MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no time Effect
                                 H = Anova SSCP Matrix for time

                                     E = Error SSCP Matrix

                                      S=1    M=-0.5    N=1

        Statistic                        Value    F Value    Num DF    Den DF    Pr > F

        Wilks' Lambda               0.13216314      26.27         1         4    0.0069

        Pillai's Trace              0.86783686      26.27         1         4    0.0069

        Hotelling-Lawley Trace      6.56640625      26.27         1         4    0.0069

        Roy's Greatest Root         6.56640625      26.27         1         4    0.0069

     MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no time*group Effect
                              H = Anova SSCP Matrix for time*group

                                     E = Error SSCP Matrix

                                      S=1    M=-0.5    N=1

        Statistic                        Value    F Value    Num DF    Den DF    Pr > F

        Wilks' Lambda               0.32611465       8.27         1         4    0.0452

        Pillai's Trace              0.67388535       8.27         1         4    0.0452

        Hotelling-Lawley Trace      2.06640625       8.27         1         4    0.0452

        Roy's Greatest Root         2.06640625       8.27         1         4    0.0452
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                             Repeated Measures Analysis of Variance

                        Tests of Hypotheses for Between Subjects Effects
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      group                        1     90.75000000     90.75000000      11.84    0.0263

      Error                        4     30.66666667      7.66666667
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                             Repeated Measures Analysis of Variance

                   Univariate Tests of Hypotheses for Within Subject Effects
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      time                         1     140.0833333     140.0833333      26.27    0.0069

      time*group                   1      44.0833333      44.0833333       8.27    0.0452

      Error(time)                  4      21.3333333       5.3333333
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       Level of           -----------pretest-----------     -----------postest-----------

       group        N             Mean          Std Dev             Mean          Std Dev

       c            3       82.6666667       2.51661148       85.6666667       2.51661148

       t            3       84.3333333       2.51661148       95.0000000       2.64575131
 * p 258;
 * Two within-subjects factors;
 * Design;
 *          Control             Drug;
 *      AM        PM         AM      PM;
 *      65        55         70      60;
 *      72        64         78      68;
 *      90        80         97      85;
 data repeat2;

 input react1 - react4;

 datalines;

 65  55 70 60

72  64 78 68

90  80 97 85

;

* p. 261;
* This is slightly altered from CS version;
proc anova data=repeat2;

model react1-react4 = / noUNI;

* Factor named first changes slowest;
repeated treat 2, time 2 /noM;

run;
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                            Number of Observations Read           3

                            Number of Observations Used           3
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                             Repeated Measures Analysis of Variance

                              Repeated Measures Level Information

                   Dependent Variable      react1   react2   react3   react4

                       Level of treat           1        1        2        2

                        Level of time           1        2        1        2
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                             Repeated Measures Analysis of Variance

                   Univariate Tests of Hypotheses for Within Subject Effects

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      treat                        1     85.33333333     85.33333333     256.00    0.0039

      Error(treat)                 2      0.66666667      0.33333333

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      time                         1     300.0000000     300.0000000     300.00    0.0033

      Error(time)                  2       2.0000000       1.0000000

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      treat*time                   1      1.33333333      1.33333333       4.00    0.1835

      Error(treat*time)            2      0.66666667      0.33333333
