
This handout illustrates the use of SAS to perform a (portion of a) multivariate regression analysis. The data are taken form Chatfield and Collins’ book “Introduction to Multivariate Analysis”.  They consist of four measurements taken on each of nine female toddlers: chest circumference (cc, in cm), mid-upper arm circumference (muac, in cm), height (ht, in cm), and age (age, in months).


One objective of the analysis of these data was to develop a predictive model for cc and muac from knowledge of height and age. The correlation matrix of the four variables will show this to be a sensible objective. Accordingly, in this example, we will have a bivariate dependent variable and two explanatory variables plus an intercept.
=========================================================================================

data girls9;

input cc muac ht age;

cards;

58.4 14.0 80 21

59.2 15.0 75 27

60.3 15.0 78 27

57.4 13.0 75 22

59.5 14.0 79 26

58.1 14.5 78 26

58.0 12.5 75 23

55.5 11.0 64 22

59.2 12.5 80 22

run;

proc corr;

run;

proc glm;

model cc muac=ht age/p;

manova h=_all_/printe printh;

run;

quit;

=========================================================================================

The CORR Procedure

   4  Variables:    cc       muac     ht       age

                                    Simple Statistics

Variable           N          Mean       Std Dev           Sum       Minimum       Maximum

cc                 9      58.40000       1.40357     525.60000      55.50000      60.30000

muac               9      13.50000       1.34629     121.50000      11.00000      15.00000

ht                 9      76.00000       4.94975     684.00000      64.00000      80.00000

age                9      24.00000       2.44949     216.00000      21.00000      27.00000

          Pearson Correlation Coefficients, N = 9

                 Prob > |r| under H0: Rho=0

                cc          muac            ht           age

cc         1.00000       0.77066       0.81147       0.59264

                          0.0151        0.0079        0.0926

muac       0.77066       1.00000       0.64715       0.73915

            0.0151                      0.0596        0.0229

ht         0.81147       0.64715       1.00000       0.20620

            0.0079        0.0596                      0.5945

age        0.59264       0.73915       0.20620       1.00000

            0.0926        0.0229        0.5945

The GLM Procedure

Number of Observations Read           9

Number of Observations Used           9

Dependent Variable: cc

                                        Sum of

Source                      DF         Squares     Mean Square    F Value    Pr > F

Model                        2     13.35507549      6.67753774      16.66    0.0036

Error                        6      2.40492451      0.40082075

Corrected Total              8     15.76000000

R-Square     Coeff Var      Root MSE       cc Mean

0.847403      1.084082      0.633104      58.40000

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

ht                           1     10.37760204     10.37760204      25.89    0.0022

age                          1      2.97747345      2.97747345       7.43    0.0344

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

ht                           1      7.81986716      7.81986716      19.51    0.0045

age                          1      2.97747345      2.97747345       7.43    0.0344

                                  Standard

Parameter         Estimate           Error    t Value    Pr > |t|

Intercept      36.77744227      3.76270946       9.77      <.0001

ht              0.20412966      0.04621485       4.42      0.0045

age             0.25452931      0.09338754       2.73      0.0344

Observation             Observed          Predicted           Residual

          1          58.40000000        58.45293073        -0.05293073

          2          59.20000000        58.95945826         0.24054174

          3          60.30000000        59.57184725         0.72815275

          4          57.40000000        57.68681172        -0.28681172

          5          59.50000000        59.52144760        -0.02144760

          6          58.10000000        59.31731794        -1.21731794

          7          58.00000000        57.94134103         0.05865897

          8          55.50000000        55.44138544         0.05861456

          9          59.20000000        58.70746004         0.49253996

Sum of Residuals                        -0.00000000

Sum of Squared Residuals                 2.40492451

Sum of Squared Residuals - Error SS     -0.00000000

First Order Autocorrelation             -0.02214707

Durbin-Watson D                          1.94225464

The GLM Procedure

Dependent Variable: muac

                                        Sum of

Source                      DF         Squares     Mean Square    F Value    Pr > F

Model                        2     11.62866341      5.81433171      12.15    0.0078

Error                        6      2.87133659      0.47855610

Corrected Total              8     14.50000000

R-Square     Coeff Var      Root MSE     muac Mean

0.801977      5.124278      0.691777      13.50000

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

ht                           1      6.07270408      6.07270408      12.69    0.0119

age                          1      5.55595933      5.55595933      11.61    0.0144

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

ht                           1      3.70678841      3.70678841       7.75    0.0319

age                          1      5.55595933      5.55595933      11.61    0.0144

                                  Standard

Parameter         Estimate           Error    t Value    Pr > |t|

Intercept     -5.525754885      4.11142161      -1.34      0.2275

ht             0.140541741      0.05049785       2.78      0.0319

age            0.347690941      0.10204231       3.41      0.0144

Observation             Observed          Predicted           Residual

          1          14.00000000        13.01909414         0.98090586

          2          15.00000000        14.40253108         0.59746892

          3          15.00000000        14.82415631         0.17584369

          4          13.00000000        12.66407638         0.33592362

          5          14.00000000        14.61700710        -0.61700710

          6          14.50000000        14.47646536         0.02353464

          7          12.50000000        13.01176732        -0.51176732

          8          11.00000000        11.11811723        -0.11811723

          9          12.50000000        13.36678508        -0.86678508

Sum of Residuals                        -0.00000000

Sum of Squared Residuals                 2.87133659

Sum of Squared Residuals - Error SS     -0.00000000

First Order Autocorrelation              0.23654147

Durbin-Watson D                          0.93015919

The GLM Procedure

Multivariate Analysis of Variance

         E = Error SSCP Matrix

                    cc              muac

cc        2.4049245115      -0.355794849

muac      -0.355794849      2.8713365897

Partial Correlation Coefficients from the Error SSCP Matrix / Prob > |r|

DF = 6             cc           muac

cc           1.000000      -0.135396

                              0.7722

muac        -0.135396       1.000000

               0.7722

    H = Type III SSCP Matrix for ht

                    cc              muac

cc        7.8198671551       5.383919849

muac       5.383919849      3.7067884103

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

             H = Type III SSCP Matrix for ht

                  E = Error SSCP Matrix

Characteristic               Characteristic Vector  V'EV=1

          Root    Percent              cc            muac

    5.19256774     100.00      0.56415386      0.36416069

    0.00000000       0.00     -0.32451349      0.47133918

MANOVA Test Criteria and Exact F Statistics for the Hypothesis of No Overall ht Effect

                           H = Type III SSCP Matrix for ht

                                E = Error SSCP Matrix

                                 S=1    M=0    N=1.5

Statistic                        Value    F Value    Num DF    Den DF    Pr > F

Wilks' Lambda               0.16148390      12.98         2         5    0.0105

Pillai's Trace              0.83851610      12.98         2         5    0.0105

Hotelling-Lawley Trace      5.19256774      12.98         2         5    0.0105

Roy's Greatest Root         5.19256774      12.98         2         5    0.0105

    H = Type III SSCP Matrix for age

                    cc              muac

cc        2.9774734476      4.0672744409

muac      4.0672744409      5.5559593287

The GLM Procedure

Multivariate Analysis of Variance

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

             H = Type III SSCP Matrix for age

                  E = Error SSCP Matrix

Characteristic               Characteristic Vector  V'EV=1

          Root    Percent              cc            muac

    3.65925774     100.00      0.44676070      0.48449922

    0.00000000       0.00     -0.47326891      0.34645943

MANOVA Test Criteria and Exact F Statistics for the Hypothesis of No Overall age Effect

                           H = Type III SSCP Matrix for age

                                 E = Error SSCP Matrix

                                  S=1    M=0    N=1.5

Statistic                        Value    F Value    Num DF    Den DF    Pr > F

Wilks' Lambda               0.21462646       9.15         2         5    0.0213

Pillai's Trace              0.78537354       9.15         2         5    0.0213

Hotelling-Lawley Trace      3.65925774       9.15         2         5    0.0213

Roy's Greatest Root         3.65925774       9.15         2         5    0.0213

