Sta 440/540 Regression Analysis  Fall 2006

Data taken from Exercise 13.8.5.  The response Y is the total age-adjusted mortality rate per 100,000.  10 predictor variables: mean annual precipitation in inches (x1); mean Jan. temp (x2); mean July temp (x3); population per household (x4); median school years (x5); percent of housing units that are sound (x6); population per sq. mile (x7); percent non-white population (x8);  relative pollution potential of sulphur dioxide (x9);  average of percent relative humidity (x10). 

MTB > name c1 'x1' c2 'x2' c3 'x3' c4 'x4' c5 'x5' c6 'x6' c7 'x7' c8 'x8' c9 'x9' c10 'x10' c11 'y'

MTB > print c1-c11

Data Display 

Row  x1  x2  x3    x4    x5    x6    x7    x8    x9   x10     y

  1  36  27  71   8.1  3.34  11.4  81.5  3243   8.8  42.6  11.7

  2  35  23  72  11.1  3.14  11.0  78.8  4281   3.5  50.7  14.4

  3  44  29  74  10.4  3.21   9.8  81.6  4260   0.8  39.4  12.4

  4  47  45  79   6.5  3.41  11.1  77.5  3125  27.1  50.2  20.6

  5  43  35  77   7.6  3.44   9.6  84.6  6441  24.4  43.7  14.3

  6  53  45  80   7.7  3.45  10.2  66.8  3325  38.5  43.1  25.5

  7  43  30  74  10.9  3.23  12.1  83.9  4679   3.5  49.2  11.3

  8  45  30  73   9.3  3.29  10.6  86.0  2140   5.3  40.4  10.5

  9  36  24  70   9.0  3.31  10.5  83.2  6582   8.1  42.5  12.6

 10  36  27  72   9.5  3.36  10.7  79.3  4213   6.7  41.0  13.2

 11  52  42  79   7.7  3.39   9.6  69.2  2302  22.2  41.3  24.2

 12  33  26  76   8.6  3.20  10.9  83.4  6122  16.3  44.9  10.7

 13  40  34  77   9.2  3.21  10.2  77.0  4101  13.0  45.7  15.1

 14  35  28  71   8.8  3.29  11.1  86.3  3042  14.7  44.6  11.4

 15  37  31  75   8.0  3.26  11.9  78.4  4259  13.1  49.6  13.9

 16  35  46  85   7.1  3.22  11.8  79.9  1441  14.8  51.2  16.1

 17  36  30  75   7.5  3.35  11.4  81.9  4029  12.4  44.0  12.0

 18  15  30  73   8.2  3.15  12.2  84.2  4824   4.7  53.1  12.7

 19  31  27  74   7.2  3.44  10.8  87.0  4834  15.8  43.5  13.6

 20  30  24  72   6.5  3.53  10.8  79.5  3694  13.1  33.8  12.4

 21  31  45  85   7.3  3.22  11.4  80.7  1844  11.5  48.1  18.5

 22  31  24  72   9.0  3.37  10.9  82.8  3226   5.1  45.2  12.3

 23  42  40  77   6.1  3.45  10.4  71.8  2269  22.7  41.4  19.5

 24  43  27  72   9.0  3.25  11.5  87.1  2909   7.2  51.6   9.5

 25  46  55  84   5.6  3.35  11.4  79.7  2647  21.0  46.9  17.9

 26  39  29  75   8.7  3.23  11.4  78.6  4412  15.6  46.6  13.2

 27  35  31  81   9.2  3.10  12.0  78.3  3262  12.6  48.6  13.9

 28  43  32  74  10.1  3.38   9.5  79.2  3214   2.9  43.7  12.0

 29  11  53  68   9.2  2.99  12.1  90.6  4700   7.8  48.9  12.3

 30  30  35  71   8.3  3.37   9.9  77.4  4474  13.1  42.6  17.7

 31  50  42  82   7.3  3.49  10.4  72.5  3497  36.7  43.3  26.4

 32  60  67  82  10.0  2.98  11.5  88.6  4657  13.5  47.3  22.4

 33  30  20  69   8.8  3.26  11.1  85.4  2934   5.8  44.0   9.4

 34  25  12  73   9.2  3.28  12.1  83.1  2095   2.0  51.9   9.8

 35  45  40  80   8.3  3.32  10.1  70.3  2682  21.0  46.1  24.1

 36  46  30  72  10.2  3.16  11.3  83.2  3327   8.8  45.3  12.2

 37  54  54  81   7.4  3.36   9.7  72.8  3172  31.4  45.5  24.2

 38  42  33  77   9.7  3.03  10.7  83.5  7462  11.3  48.7  12.4

 39  42  32  76   9.1  3.32  10.5  87.5  6092  17.5  45.3  13.2

 40  36  29  72   9.5  3.32  10.6  77.6  3437   8.1  45.5  13.8

 41  37  38  67  11.3  2.99  12.0  81.5  3387   3.6  50.3  13.5

 42  42  29  72  10.7  3.19  10.1  79.5  3508   2.2  38.8  15.7

 43  41  33  77  11.2  3.08   9.6  79.9  4843   2.7  38.6  14.1

 44  44  39  78   8.2  3.32  11.0  79.9  3768  28.6  49.5  17.5

 45  32  25  72  10.9  3.21  11.1  82.5  4355   5.0  46.4  10.8

 These are scatterplot of the response Y versus each one of the predictors.   Below, we have  the correlations between Y and the X’s.
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MTB > Correlation 'y' 'x1' 'x2' 'x3' 'x4' 'x5' 'x6' 'x7' 'x8' 'x9' 'x10';

SUBC>   NoPValues.

Correlations: y, x1, x2, x3, x4, x5, x6, x7, x8, x9, x10 

          y      x1      x2      x3      x4      x5      x6      x7      x8

x1    0.585

x2    0.717   0.445

x3    0.673   0.510   0.630

x4   -0.426  -0.047  -0.332  -0.490

x5    0.290   0.197  -0.121   0.143  -0.655

x6   -0.368  -0.463  -0.053  -0.125   0.023  -0.433

x7   -0.726  -0.425  -0.223  -0.432   0.326  -0.442   0.447

x8   -0.255  -0.100  -0.149  -0.234   0.281  -0.230  -0.131   0.367

x9    0.769   0.494   0.538   0.615  -0.681   0.521  -0.275  -0.557  -0.075

x10  -0.067  -0.206   0.141   0.135   0.066  -0.437   0.670   0.213  -0.048

         x9

x10  -0.032

* It seems that the most important predictor variables are x1, x2, x3, x7, x9.    To confirm this, we should consider added variable plots or partial correlations.

· For x1, need to regress Y on x2-x10 and then regress x1 on x2-x10.  The scatter plot of residuals gives the added variable plot for x1.

MTB > Name c13 "RESI2"

MTB > Regress 'y' 9 c2-c10;

SUBC>   Residuals 'RESI2';

SUBC>   Constant;

SUBC>   Brief 0.

MTB > Name c14 "RESI3"

MTB > Regress c1 9 c2-c10;

SUBC>   Residuals 'RESI3';

SUBC>   Constant;

SUBC>   Brief 0.

MTB > corr c13 c14

Correlations: RESI2, RESI3 

Pearson correlation of RESI2 and RESI3 = -0.081

P-Value = 0.598
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Variable Selection Methods:  First considered the best subset regression based on the R^2 statistic.   The output favors 2 models:  (1) model with x2, x4, x5, x7, x9.  (2) model with x2, x3, x4, x5, x7, x9.

Best Subsets Regression: y versus x1, x2, ... 

Response is y

                                                          x

                       Mallows          x x x x x x x x x 1

Vars  R-Sq  R-Sq(adj)      C-p       S  1 2 3 4 5 6 7 8 9 0

   1  59.2       58.2     90.6  2.9365                  X

   1  52.6       51.5    111.6  3.1630              X

   1  51.4       50.2    115.7  3.2052    X

   2  85.0       84.3      9.2  1.7987    X         X

   2  72.1       70.8     50.9  2.4567    X             X

   2  72.0       70.6     51.3  2.4619              X   X

   3  88.0       87.2      1.5  1.6277    X         X   X

   3  86.3       85.3      7.1  1.7420    X     X   X

   3  85.8       84.8      8.7  1.7732  X X         X

   4  88.6       87.5      1.6  1.6069    X   X     X   X

   4  88.5       87.3      2.1  1.6163    X       X X   X

   4  88.4       87.2      2.5  1.6246  X X         X   X

   5  89.1       87.7      2.2  1.5949    X   X X   X   X

   5  88.9       87.5      2.8  1.6083    X   X   X X   X

   5  88.8       87.3      3.2  1.6183    X X X     X   X

   6  89.3       87.7      3.4  1.5966    X X X X   X   X

   6  89.1       87.4      4.1  1.6134    X   X X X X   X

   6  89.1       87.4      4.2  1.6149    X   X X   X X X

   7  89.4       87.4      5.2  1.6140  X X X X X   X   X

   7  89.4       87.3      5.3  1.6165    X X X X X X   X

   7  89.3       87.3      5.4  1.6176    X X X X   X X X

   8  89.4       87.1      7.1  1.6341  X X X X X X X   X

   8  89.4       87.0      7.2  1.6358  X X X X X   X X X

   8  89.4       87.0      7.2  1.6359  X X X X X   X   X X

   9  89.4       86.7      9.0  1.6548  X X X X X X X X X

   9  89.4       86.7      9.1  1.6571  X X X X X X X   X X

   9  89.4       86.7      9.1  1.6582  X X X X X   X X X X

  10  89.5       86.3     11.0  1.6788  X X X X X X X X X X

Then applied the 3 methods of variable selection:  Backward elimination, forward  and stepwise selection.  The 3 methods pick the same model  with x2, x4, x5, x7, x9.

Stepwise Regression: y versus x1, x2, x3, x4, x5, x6, x7, x8, x9, x10 

Backward elimination.  Alpha-to-Remove: 0.1

Response is y on 10 predictors, with N = 45

Step                1         2       3       4       5       6

Constant       11.178    11.168   9.510   5.757   9.979  19.518

x1             -0.022    -0.022  -0.020  -0.018

T-Value         -0.47     -0.50   -0.46   -0.43

P-Value         0.640     0.623   0.649   0.673

x2              0.222     0.222   0.226   0.229   0.223   0.234

T-Value          5.08      5.16    5.54    5.78    6.08    6.72

P-Value         0.000     0.000   0.000   0.000   0.000   0.000

x3              0.091     0.092   0.094   0.095   0.078

T-Value          0.93      0.99    1.02    1.04    0.96

P-Value         0.360     0.331   0.314   0.305   0.343

x4               0.69      0.70    0.68    0.73    0.62    0.54

T-Value          1.54      1.61    1.61    1.86    2.10    1.91

P-Value         0.133     0.116   0.116   0.071   0.042   0.063

x5                4.4       4.3     4.8     5.4     4.6     4.0

T-Value          0.96      0.97    1.13    1.45    1.44    1.27

P-Value         0.345     0.338   0.266   0.155   0.159   0.213

x6              -0.23     -0.21   -0.14

T-Value         -0.38     -0.42   -0.31

P-Value         0.705     0.675   0.755

x7             -0.365    -0.365  -0.377  -0.381  -0.381  -0.398

T-Value         -4.74     -4.81   -5.83   -6.10   -6.17   -6.71

P-Value         0.000     0.000   0.000   0.000   0.000   0.000

x8           -0.00009  -0.00009

T-Value         -0.32     -0.33

P-Value         0.752     0.747

x9              0.146     0.147   0.138   0.137   0.131   0.139

T-Value          2.32      2.46    2.69    2.71    2.74    2.96

P-Value         0.027     0.019   0.011   0.010   0.009   0.005

x10             0.006

T-Value          0.06

P-Value         0.953

S                1.68      1.65    1.63    1.61    1.60    1.59

R-Sq            89.45     89.45   89.42   89.39   89.34   89.08

R-Sq(adj)       86.35     86.74   87.07   87.38   87.65   87.68

Mallows C-p      11.0       9.0     7.1     5.2     3.4     2.2

Stepwise Regression: y versus x1, x2, x3, x4, x5, x6, x7, x8, x9, x10 

Forward selection.  Alpha-to-Enter: 0.25

Response is y on 10 predictors, with N = 45

Step              1      2       3       4       5

Constant     10.138  5.246  40.735  36.743  19.518

x9            0.374  0.263   0.118   0.157   0.139

T-Value        7.90   5.58    3.21    3.46    2.96

P-Value       0.000  0.000   0.003   0.001   0.005

x2                   0.187   0.210   0.207   0.234

T-Value               4.41    7.42    7.41    6.72

P-Value              0.000   0.000   0.000   0.000

x7                          -0.427  -0.419  -0.398

T-Value                      -7.39   -7.32   -6.71

P-Value                      0.000   0.000   0.000

x4                                    0.34    0.54

T-Value                               1.44    1.91

P-Value                              0.158   0.063

x5                                             4.0

T-Value                                       1.27

P-Value                                      0.213

S              2.94   2.46    1.63    1.61    1.59

R-Sq          59.18  72.09   88.04   88.63   89.08

R-Sq(adj)     58.23  70.76   87.17   87.49   87.68

Mallows C-p    90.6   50.9     1.5     1.6     2.2

Stepwise Regression: y versus x1, x2, x3, x4, x5, x6, x7, x8, x9, x10 

  Alpha-to-Enter: 0.15  Alpha-to-Remove: 0.15

Response is y on 10 predictors, with N = 45

Step                1         2       3       4       5       6

Constant       11.178    11.168   9.510   5.757   9.979  19.518

x1             -0.022    -0.022  -0.020  -0.018

T-Value         -0.47     -0.50   -0.46   -0.43

P-Value         0.640     0.623   0.649   0.673

x2              0.222     0.222   0.226   0.229   0.223   0.234

T-Value          5.08      5.16    5.54    5.78    6.08    6.72

P-Value         0.000     0.000   0.000   0.000   0.000   0.000

x3              0.091     0.092   0.094   0.095   0.078

T-Value          0.93      0.99    1.02    1.04    0.96

P-Value         0.360     0.331   0.314   0.305   0.343

x4               0.69      0.70    0.68    0.73    0.62    0.54

T-Value          1.54      1.61    1.61    1.86    2.10    1.91

P-Value         0.133     0.116   0.116   0.071   0.042   0.063

x5                4.4       4.3     4.8     5.4     4.6     4.0

T-Value          0.96      0.97    1.13    1.45    1.44    1.27

P-Value         0.345     0.338   0.266   0.155   0.159   0.213

x6              -0.23     -0.21   -0.14

T-Value         -0.38     -0.42   -0.31

P-Value         0.705     0.675   0.755

x7             -0.365    -0.365  -0.377  -0.381  -0.381  -0.398

T-Value         -4.74     -4.81   -5.83   -6.10   -6.17   -6.71

P-Value         0.000     0.000   0.000   0.000   0.000   0.000

x8           -0.00009  -0.00009

T-Value         -0.32     -0.33

P-Value         0.752     0.747

x9              0.146     0.147   0.138   0.137   0.131   0.139

T-Value          2.32      2.46    2.69    2.71    2.74    2.96

P-Value         0.027     0.019   0.011   0.010   0.009   0.005

x10             0.006

T-Value          0.06

P-Value         0.953

S                1.68      1.65    1.63    1.61    1.60    1.59

R-Sq            89.45     89.45   89.42   89.39   89.34   89.08

R-Sq(adj)       86.35     86.74   87.07   87.38   87.65   87.68

Mallows C-p      11.0       9.0     7.1     5.2     3.4     2.2

Regression Analysis: y versus x2, x4, x5, x7, x9 

The regression equation is

y = 19.5 + 0.234 x2 + 0.544 x4 + 3.98 x5 - 0.398 x7 + 0.139 x9

Predictor      Coef  SE Coef      T      P

Constant      19.52    14.67   1.33  0.191

x2          0.23355  0.03476   6.72  0.000

x4           0.5445   0.2847   1.91  0.063

x5            3.983    3.145   1.27  0.213

x7         -0.39788  0.05928  -6.71  0.000

x9          0.13911  0.04706   2.96  0.005

S = 1.59494   R-Sq = 89.1%   R-Sq(adj) = 87.7%

Analysis of Variance

Source          DF      SS      MS      F      P

Regression       5  809.14  161.83  63.62  0.000

Residual Error  39   99.21    2.54

Total           44  908.35

Unusual Observations

Obs    x2       y     Fit  SE Fit  Residual  St Resid

 28  32.0  12.000  14.845   0.785    -2.845     -2.05R

 31  42.0  26.400  23.462   0.735     2.938      2.08R

 32  67.0  22.400  19.106   1.049     3.294      2.74RX

R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large influence.
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The regression equation is

y = 40.7 + 0.210 x2 - 0.427 x7 + 0.118 x9

Predictor      Coef  SE Coef      T      P

Constant     40.735    4.873   8.36  0.000

x2          0.20968  0.02825   7.42  0.000

x7         -0.42697  0.05774  -7.39  0.000

x9          0.11799  0.03678   3.21  0.003

S = 1.62769   R-Sq = 88.0%   R-Sq(adj) = 87.2%

Analysis of Variance

Source          DF      SS      MS       F      P

Regression       3  799.73  266.58  100.62  0.000

Residual Error  41  108.62    2.65

Total           44  908.35

Unusual Observations

Obs    x2       y     Fit  SE Fit  Residual  St Resid

 31  42.0  26.400  22.917   0.690     3.483      2.36R

 32  67.0  22.400  18.547   1.022     3.853      3.04RX

R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large influence.
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