Multiple Linear Regression 

Example 1 

data  one;

  infile  'D:\sta4102b\multiReg\Electric.dat';

  input  housize incom aircapac applindx family peak; 

  label  housize = 'House size'
         income  = 'Family income'

    aircapac= 'Air conditioning capacity'

    applindx= 'Appliance index'

    family  = 'number of family members'

    peak    = 'Peak hour electricity load'

    ;

run;

proc  reg  data=one;

  model  peak = housize  income  aircapac  applindx  family; 

  output  out=new  p=yhat  student=resid;

run;

proc plot data=new;

  plot  peak*yhat;

  title 'Checking  Y vs Y-hat';

  plot resid*yhat;

  title 'Checking  Studentised residuals vs Y-hat';

  plot resid*income;

  title 'Checking Studentised residuals vs Income';

run;

proc univariate normal plot data=new;

  var resid;

title  'Model checking: Normal test and plot';

run;

                               Model checking: Normal test and plot                             

                                        The REG Procedure

                                          Model: MODEL1

                       Dependent Variable: peak Peak hour electricity load

                                       Analysis of Variance

                                              Sum of           Mean

          Source                   DF        Squares         Square    F Value    Pr > F

          Model                     5      116.80094       23.36019     332.99    <.0001

          Error                    54        3.78821        0.07015

          Corrected Total          59      120.58915

                       Root MSE              0.26486    R-Square     0.9686

                       Dependent Mean        4.63792    Adj R-Sq     0.9657

                       Coeff Var             5.71080

                                       Parameter Estimates

                                                   Parameter       Standard

Variable     Label                        DF       Estimate          Error    t Value    Pr>|t|

Intercept    Intercept                    1        0.00539        0.22580       0.02      0.9810

housize      House size                   1        0.41344        0.11851       3.49      0.0010

income       Family income                1     0.00085097        0.02513       0.03      0.9731

aircapac     Air conditioning capacity    1        0.44258        0.03577      12.37      <.0001

applindx     Appliance index              1        0.37212        0.07641       4.87      <.0001

family       number of family members     1        0.04550        0.02173       2.09      0.0410

                             Checking Studentised residuals vs Income                           

                      Plot of peak*yhat.  Legend: A = 1 obs, B = 2 obs, etc.
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                             Checking Studentised residuals vs Income                           

                     Plot of resid*yhat.  Legend: A = 1 obs, B = 2 obs, etc.
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                                        Predicted Value of peak

                             Checking Studentised residuals vs Income                           

                    Plot of resid*income.  Legend: A = 1 obs, B = 2 obs, etc.
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                               Model checking: Normal test and plot                             

                                     The UNIVARIATE Procedure

                             Variable:  resid  (Studentized Residual)

                                             Moments

                 N                          60    Sum Weights                 60

                 Mean                -0.005602    Sum Observations    -0.3361201

                 Std Deviation      1.02730395    Variance            1.05535341

                 Skewness           -0.3251002    Kurtosis            0.14221015

                 Uncorrected SS     62.2677342    Corrected SS        62.2658512

                 Coeff Variation    -18338.158    Std Error Mean      0.13262437

                                    Basic Statistical Measures

                          Location                    Variability

                      Mean     -0.00560     Std Deviation            1.02730

                      Median    0.10477     Variance                 1.05535

                      Mode       .          Range                    4.85847

                                            Interquartile Range      1.23130

                                    Tests for Location: Mu0=0

                         Test           -Statistic-    -----p Value------

                         Student's t    t  -0.04224    Pr > |t|    0.9665

                         Sign           M         1    Pr >= |M|   0.8974

                         Signed Rank    S        18    Pr >= |S|   0.8959

                                       Tests for Normality

                    Test                  --Statistic---    -----p Value------

                    Shapiro-Wilk          W     0.985145    Pr < W      0.6776

                    Kolmogorov-Smirnov    D      0.09957    Pr > D      0.1430

                    Cramer-von Mises      W-Sq  0.052174    Pr > W-Sq  >0.2500

                    Anderson-Darling      A-Sq  0.299325    Pr > A-Sq  >0.2500

                                     Quantiles (Definition 5)

                                     Quantile       Estimate

                                     100% Max       2.128742

                                     99%            2.128742

                                     95%            1.552528

                                     90%            1.311740

                                     75% Q3         0.572023

                                     50% Median     0.104768

                               Model checking: Normal test and plot                             

                                     The UNIVARIATE Procedure

                             Variable:  resid  (Studentized Residual)

                                     Quantiles (Definition 5)

                                     Quantile       Estimate

                                     25% Q1        -0.659274

                                     10%           -1.346404

                                     5%            -1.858836

                                     1%            -2.729733

                                     0% Min        -2.729733

                                       Extreme Observations

                            ------Lowest-----        -----Highest-----

                               Value      Obs           Value      Obs

                            -2.72973       57         1.41805        8

                            -2.24321        9         1.55049       13

                            -2.20291       29         1.55456       49

                            -1.51476        3         2.09898       50

                            -1.46846       25         2.12874       43

                               Model checking: Normal test and plot                             

                                     The UNIVARIATE Procedure

                             Variable:  resid  (Studentized Residual)

                         Stem Leaf                     #             Boxplot
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                          Multiply Stem.Leaf by 10**-1

                               Model checking: Normal test and plot                             

                                     The UNIVARIATE Procedure

                             Variable:  resid  (Studentized Residual)

                                          Normal Probability Plot
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Example 2

data  one;

  infile  'D:\sta4102b\multiReg\Electric.dat';

  input  housize income aircapac applindx family peak; 

  label  housize = 'House size'
         income  = 'Family income'

    aircapac= 'Air conditioning capacity'

    applindx= 'Appliance index'

    family  = 'number of family members'

    peak    = 'Peak hour electricity load'

    ;

run;

proc  reg  data=one;

  model  peak = housize  income  aircapac  applindx  family / tol vif;

run; 

title  'Checking for collinarity'; 

run;

The REG Procedure

Model: MODEL1

Dependent Variable: peak Peak hour electricity load

                                       Analysis of Variance

                                              Sum of           Mean

          Source                   DF        Squares         Square    F Value    Pr > F

          Model                     5      116.80094       23.36019     332.99    <.0001

          Error                    54        3.78821        0.07015

          Corrected Total          59      120.58915

                       Root MSE              0.26486    R-Square     0.9686

                       Dependent Mean        4.63792    Adj R-Sq     0.9657

                       Coeff Var             5.71080

                                       Parameter Estimates

                                                   Parameter       Standard

Variable     Label                         DF       Estimate          Error    t Value    Pr > |t|

Intercept    Intercept                      1        0.00539        0.22580       0.02      0.9810

housize      House size                     1        0.41344        0.11851       3.49      0.0010

income       Family income                  1     0.00085097        0.02513       0.03      0.9731

aircapac     Air conditioning capacity      1        0.44258        0.03577      12.37      <.0001

applindx     Appliance index                1        0.37212        0.07641       4.87      <.0001

family       number of family members       1        0.04550        0.02173       2.09      0.0410

Parameter Estimates

Variance

Variable     Label                         DF      Tolerance      Inflation

Intercept    Intercept                      1              .              0

housize      House size                     1        0.23856        4.19176

income       Family income                  1        0.06885       14.52383

aircapac     Air conditioning capacity      1        0.29078        3.43904

applindx     Appliance index                1        0.11378        8.78879

family       number of family members       1        0.92818        1.07738

Example 3

data  one;

  infile  'D:\sta4102b\multiReg\Electric.dat';

  input  housize income aircapac applindx family peak; 

  label  housize = 'House size'
         income  = 'Family income'

    aircapac= 'Air conditioning capacity'

    applindx= 'Appliance index'

    family  = 'number of family members'

    peak    = 'Peak hour electricity load'

    ;

run;

proc  reg  data=one;

  model  peak = housize  income  aircapac  applindx  family /   

                                  selection=stepwise;

run; 

title  'Selecting the best model using Stepwise Regression'; 

run;

The REG Procedure

Model: MODEL1

Dependent Variable: peak Peak hour electricity load

                                    Stepwise Selection: Step 1

                  Variable income Entered: R-Square = 0.8650 and C(p) = 176.1208

                                       Analysis of Variance

                                              Sum of           Mean

          Source                   DF        Squares         Square    F Value    Pr > F

          Model                     1      104.30541      104.30541     371.52    <.0001

          Error                    58       16.28375        0.28075

          Corrected Total          59      120.58915

                             Parameter     Standard

                Variable      Estimate        Error   Type II SS  F Value  Pr > F

                Intercept     -1.58722      0.33013      6.48973    23.12  <.0001

                income         0.25423      0.01319    104.30541   371.52  <.0001

                                 Bounds on condition number: 1, 1

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

                                    Stepwise Selection: Step 2

                 Variable aircapac Entered: R-Square = 0.9441 and C(p) = 42.1575

                                       Analysis of Variance

                                              Sum of           Mean

          Source                   DF        Squares         Square    F Value    Pr > F

          Model                     2      113.84351       56.92175     480.98    <.0001

          Error                    57        6.74565        0.11834

          Corrected Total          59      120.58915

                             Parameter     Standard

                Variable      Estimate        Error   Type II SS  F Value  Pr > F

                Intercept     -0.09784      0.27104      0.01542     0.13  0.7195

                income         0.14112      0.01523     10.15652    85.82  <.0001

                aircapac       0.40005      0.04456      9.53810    80.60  <.0001

                            Bounds on condition number: 3.1645, 12.658

                                    Stepwise Selection: Step 3

                 Variable applindx Entered: R-Square = 0.9604 and C(p) = 15.9931

                                       Analysis of Variance

                                              Sum of           Mean

          Source                   DF        Squares         Square    F Value    Pr > F

          Model                     3      115.81930       38.60643     453.25    <.0001

          Error                    56        4.76986        0.08518

          Corrected Total          59      120.58915

                             Parameter     Standard

                Variable      Estimate        Error   Type II SS  F Value  Pr > F

                Intercept      0.16337      0.23625      0.04073     0.48  0.4921

                income         0.03172      0.02613      0.12551     1.47  0.2299

                aircapac       0.45058      0.03923     11.23452   131.90  <.0001

                applindx       0.39799      0.08263      1.97579    23.20  <.0001

                            Bounds on condition number: 12.94, 74.444

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

                                    Stepwise Selection: Step 4

                                       Analysis of Variance

                                              Sum of           Mean

          Source                   DF        Squares         Square    F Value    Pr > F

          Model                     2      115.69379       57.84689     673.55    <.0001

          Error                    57        4.89537        0.08588

          Corrected Total          59      120.58915

                             Parameter     Standard

                Variable      Estimate        Error   Type II SS  F Value  Pr > F

                Intercept      0.35049      0.17977      0.32645     3.80  0.0561

                aircapac       0.48042      0.03071     21.02447   244.80  <.0001

                applindx       0.48517      0.04103     12.00680   139.80  <.0001

                            Bounds on condition number: 2.0704, 8.2817

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

Stepwise Selection: Step 5

                  Variable housize Entered: R-Square = 0.9660 and C(p) = 6.5166

                                       Analysis of Variance

                                              Sum of           Mean

          Source                   DF        Squares         Square    F Value    Pr > F

          Model                     3      116.48410       38.82803     529.68    <.0001

          Error                    56        4.10506        0.07330

          Corrected Total          59      120.58915

                             Parameter     Standard

                Variable      Estimate        Error   Type II SS  F Value  Pr > F

                Intercept      0.20190      0.17214      0.10084     1.38  0.2458

                housize        0.37051      0.11284      0.79031    10.78  0.0018

                aircapac       0.44796      0.03004     16.29981   222.36  <.0001

                applindx       0.37915      0.04980      4.24965    57.97  <.0001

                            Bounds on condition number: 3.6372, 28.595

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

                                    Stepwise Selection: Step 6

                   Variable family Entered: R-Square = 0.9686 and C(p) = 4.0011

                                       Analysis of Variance

                                              Sum of           Mean

          Source                   DF        Squares         Square    F Value    Pr > F

          Model                     4      116.80086       29.20022     423.94    <.0001

          Error                    55        3.78829        0.06888

          Corrected Total          59      120.58915

                             Parameter     Standard

                Variable      Estimate        Error   Type II SS  F Value  Pr > F

                Intercept      0.00946      0.18946   0.00017171     0.00  0.9604

                housize        0.41471      0.11131      0.95617    13.88  0.0005

                aircapac       0.44327      0.02920     15.87055   230.42  <.0001

                applindx       0.37412      0.04833      4.12779    59.93  <.0001

                family         0.04561      0.02127      0.31677     4.60  0.0364

                            Bounds on condition number: 3.7664, 42.934

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

               All variables left in the model are significant at the 0.1500 level.

          No other variable met the 0.1500 significance level for entry into the model.

                                  Summary of Stepwise Selection

       Variable  Variable                             Number  Partial   Model

  Step Entered   Removed   Label                      Vars In R-Square R-Square  C(p)   F Value

    1  income              Family income                  1    0.8650   0.8650  176.121  371.52

    2  aircapac            Air conditioning capacity      2    0.0791   0.9441  42.1575   80.60

    3  applindx            Appliance index                3    0.0164   0.9604  15.9931   23.20

    4            income    Family income                  2    0.0010   0.9594  15.7823    1.47

    5  housize             House size                     3    0.0066   0.9660   6.5166   10.78

    6  family              number of family members       4    0.0026   0.9686   4.0011    4.60

                                  Summary of Stepwise Selection

                                           Step Pr > F

                                             1  <.0001

                                             2  <.0001

                                             3  <.0001

                                             4  0.2299

                                             5  0.0018

6 0.0364

Example 4

data  one;

  infile  'D:\sta4102b\multiReg\Electric.dat';

  input  housize income aircapac applindx family peak; 

  label  housize = 'House size'
         income  = 'Family income'

    aircapac= 'Air conditioning capacity'

    applindx= 'Appliance index'

    family  = 'number of family members'

    peak    = 'Peak hour electricity load'

    ;

run;

proc  reg  data=one;

  model  peak = housize  income  aircapac  applindx  family / 

      selection=rsquare  cp  adjrsq  mse;

run; 

title  'Selecting the best model using rSquare etc'; 

run;

R-Square Selection Method

  Number in            Adjusted

    Model    R-Square  R-Square      C(p)          MSE  Variables in Model

         1     0.8650    0.8626  176.1208      0.28075  income

         1     0.8598    0.8574  184.9362      0.29142  aircapac

         1     0.7851    0.7814  313.4809      0.44689  applindx

         1     0.7321    0.7275  404.4918      0.55697  housize

         1     0.0045    -.0127  1655.265      2.06981  family

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

         2     0.9594    0.9580   15.7823      0.08588  aircapac applindx

         2     0.9441    0.9421   42.1575      0.11834  income aircapac

         2     0.9307    0.9283   65.0943      0.14657  housize aircapac

         2     0.8767    0.8724  157.9835      0.26090  housize income

         2     0.8673    0.8626  174.1385      0.28078  income applindx

         2     0.8651    0.8604  177.8574      0.28536  income family

         2     0.8599    0.8549  186.8863      0.29647  aircapac family

         2     0.8308    0.8249  236.8663      0.35798  housize applindx

         2     0.7867    0.7793  312.5808      0.45116  applindx family

         2     0.7425    0.7335  388.6583      0.54480  housize family

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

         3     0.9660    0.9641    6.5166      0.07330  housize aircapac applindx

         3     0.9607    0.9585   15.6312      0.08472  aircapac applindx family

         3     0.9604    0.9583   15.9931      0.08518  income aircapac applindx

         3     0.9532    0.9507   28.4933      0.10084  housize income aircapac

         3     0.9443    0.9413   43.7096      0.11990  income aircapac family

         3     0.9344    0.9308   60.8418      0.14136  housize aircapac family

         3     0.8782    0.8717  157.3031      0.26220  housize income family

         3     0.8777    0.8712  158.2124      0.26334  housize income applindx

         3     0.8676    0.8605  175.5700      0.28508  income applindx family

         3     0.8370    0.8282  228.2318      0.35105  housize applindx family

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

         4     0.9686    0.9663    4.0011      0.06888  housize aircapac applindx family

         4     0.9660    0.9636    8.3837      0.07447  housize income aircapac applindx

         4     0.9615    0.9587   16.1715      0.08440  income aircapac applindx family

         4     0.9548    0.9515   27.7193      0.09913  housize income aircapac family

         4     0.8795    0.8707  157.1261      0.26419  housize income applindx family

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

         5     0.9686    0.9657    6.0000      0.07015  housize income aircapac applindx family

