Multivariate ANOVA

Example

filename gsasfile  "den.graph";

  goptions reset=all gaccess=gsasfile  autofeed    

                                     dev=pslmono;

  options  ls=64  ps=45  nodate  nonumber;

  title1 'PDF of bivariate normal distribution';

  title2 'Mu_1=0, Mu_2=0, Sigma_1^2=2, Sigma_2^2=1, Rho=0.5';

data normal;

  mu_1 = 0.0;

  mu_2 = 0.0;

  vx1 = 2;

  vx2 = 1;

  rho = 0.5;

  cons = 1/(2*3.14159*sqrt(vx1*vx2*(1-rho*rho)));

  do  x1=-4 to 4 by 0.3;

  do  x2=-3 to 3 by 0.1;

    zx1 = (x1-mu_1)/sqrt(vx1);


zx2 = (x2-mu_2)/sqrt(vx2);


hx = zx1**2 + zx2**2 -2*rho*zx1*zx2;


z = cons*exp(-hx/(2*(1-rho**2)));


if z>0.001  then output;

end;

end;

keep  x1  x2  z;

proc g3d  data=normal;

  goptions  horigin=1in  vorigin=2in;

  goptions  hsize = 6in  vsize=8in;

  plot  x2*x1=z;

  *plot  x2*x1=z / rotate=30;
run; 

Example

Data jack;

  input lab  method1 method2;

  lines;

  1  10.1  10.5
  1   9.3   9.5
  1   9.7  10.0
  1  10.9  11.4
  2  10.0   9.8
  2   9.5   9.7
  2   9.7   9.8
  2  10.8  10.7
  3  11.3  10.1
  3  10.7   9.8
  3  10.8  10.1
  3  10.5   9.6
  ;

proc glm data=jack;

  class  lab;

  model  method1  method2  = lab;

  means  lab / Tukey;

  means  lab;

  manova  h = lab;

run;

The GLM Procedure

Class Level Information

                                 Class         Levels    Values

                                 lab                3    1 2 3

                                  Number of observations    12

The GLM Procedure

Dependent Variable: method1

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        2      1.81500000      0.90750000       2.99    0.1007

      Error                        9      2.72750000      0.30305556

      Corrected Total             11      4.54250000

                      R-Square     Coeff Var      Root MSE    method1 Mean

                      0.399560      5.357711      0.550505        10.27500

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

      lab                          2      1.81500000      0.90750000       2.99    0.1007

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

      lab                          2      1.81500000      0.90750000       2.99    0.1007

The GLM Procedure

Dependent Variable: method2

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        2      0.44666667      0.22333333       0.72    0.5149

      Error                        9      2.81000000      0.31222222

      Corrected Total             11      3.25666667

                      R-Square     Coeff Var      Root MSE    method2 Mean

                      0.137155      5.541506      0.558768        10.08333

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

      lab                          2      0.44666667      0.22333333       0.72    0.5149

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

      lab                          2      0.44666667      0.22333333       0.72    0.5149

                                   The GLM Procedure

Tukey's Studentized Range (HSD) Test for method1

 NOTE: This test controls the Type I experimentwise error rate, but it generally has a higher

                                 Type II error rate than REGWQ.

                          Alpha                                   0.05

                          Error Degrees of Freedom                   9

                          Error Mean Square                   0.303056

                          Critical Value of Studentized Range  3.94850

                          Minimum Significant Difference        1.0868

                   Means with the same letter are not significantly different.

                    Tukey Grouping          Mean      N    lab

                                 A       10.8250      4    3

                                 A

                                 A       10.0000      4    2

                                 A

                                 A       10.0000      4    1

The GLM Procedure

Tukey's Studentized Range (HSD) Test for method2

 NOTE: This test controls the Type I experimentwise error rate, but it generally has a higher

                                 Type II error rate than REGWQ.

                          Alpha                                   0.05

                          Error Degrees of Freedom                   9

                          Error Mean Square                   0.312222

                          Critical Value of Studentized Range  3.94850

                          Minimum Significant Difference        1.1031

                   Means with the same letter are not significantly different.

                    Tukey Grouping          Mean      N    lab

                                 A       10.3500      4    1

                                 A

                                 A       10.0000      4    2

                                 A

                                 A        9.9000      4    3

The GLM Procedure

       Level of           -----------method1-----------     -----------method2-----------

       lab          N             Mean          Std Dev             Mean          Std Dev

       1            4       10.0000000       0.68313005       10.3500000       0.81034972

       2            4       10.0000000       0.57154761       10.0000000       0.46904158

       3            4       10.8250000       0.34034296        9.9000000       0.24494897

The GLM Procedure

Multivariate Analysis of Variance

                   Characteristic Roots and Vectors of: E Inverse * H, where

                                H = Type III SSCP Matrix for lab

                                     E = Error SSCP Matrix

                   Characteristic               Characteristic Vector  V'EV=1

                             Root    Percent         method1         method2

                       12.6651590      99.63     -1.93040411      1.86294560

                        0.0469779       0.37      0.18266371      0.42293426

     MANOVA Test Criteria and F Approximations for the Hypothesis of No Overall lab Effect

                               H = Type III SSCP Matrix for lab

                                     E = Error SSCP Matrix

                                     S=2    M=-0.5    N=3

        Statistic                        Value    F Value    Num DF    Den DF    Pr > F

        Wilks' Lambda               0.06989527      11.13         4        16    0.0002

        Pillai's Trace              0.97169119       4.25         4        18    0.0135

        Hotelling-Lawley Trace     12.71213692      24.79         4    8.6667    <.0001

        Roy's Greatest Root        12.66515903      56.99         2         9    <.0001

                  NOTE: F Statistic for Roy's Greatest Root is an upper bound.

                         NOTE: F Statistic for Wilks' Lambda is exact.
