Statistics 231B SAS Practice Lab #5
Spring 2006

This lab is designed to give the students practice in fitting polynomial regression model, interaction regression model including estimating, inference, prediction and other related questions and how to plot the sample data for the two populations as a symbolic scatter plot.
Example: An endocrinologist was interested in exploring the relationship between the level of a steroid (Y) and age (X) in healthy female subjects whose ages ranged from 8 to 25 years. She collected a sample of 27 healthy females in this age range. see CH08PR06.txt.
(1)  Fit the polynomial regression model (8.2) in the textbook ALSM. and plot the fitted regression function and the data, then answer the following questions in red.
      
(a) what is the fitted regression model? Find R2.


(b) Does the quadratic regression function appear to be a good fit ?


          
(c) Test whether or not there is a regression relation; use (=0.01. 


      State the alternatives, decision rule and conclusion. What is the 

      P-value of the test?


   
 (d) Test whether the quadratic term can be dropped from the  

                       model; use (=0.01.  State the alternatives, decision rule and  

                       conclusion. What is the P-value of the test?

                  (e) Express the fitted regression function obtained in terms of the 

                        original variable X. 

SAS CODE:

data steriod;

infile "c:\stat231B06\ch08pr06.txt";

input y x;

xc=x-15.78;

run;

proc means data=steriod;/*calculate mean of x which is equal to 15.78*/
var x;

run;

proc glm data=steriod; 

model y = xc xc*xc;  /*fitting the polynomial regression model*/

run;
SAS OUTPUT:
Dependent Variable: y

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        2     1046.265858      523.132929      52.63    <.0001
      Error                       24      238.540809        9.939200
      Corrected Total             26     1284.806667

                       R-Square     Coeff Var      Root MSE        y Mean

                       0.814337      17.86766      3.152650      17.64444

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

      xc                           1     793.2805099     793.2805099      79.81    <.0001

      xc*xc                        1     252.9853477     252.9853477      25.45    <.0001
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F

      xc                           1     963.9444700     963.9444700      96.98    <.0001

      xc*xc                        1     252.9853477     252.9853477      25.45    <.0001

                                                 Standard

               Parameter         Estimate           Error    t Value    Pr > |t|

               Intercept      21.09668665      0.91418968      23.08      <.0001

               xc              1.13683107      0.11543716       9.85      <.0001

               xc*xc          -0.11840125      0.02346844      -5.05      <.0001
Note: here xc is the centered version of age
     Plot of pred*y.  Legend: A = 1 obs, B = 2 obs, etc.
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(2)   Simultaneous Confidence Intervals for Several Mean Responses and Prediction of New Observation (refer to page 230 of textbook ALSM for the formula (6.61) for Working-Hotelling simultaneous confidence region  and the formula (6.62) for Bonferroni simultaneous confidence region)

(a) obtain joint interval estimates for the mean steroid level of female aged 10,15,        

      and 20, respectively. Use the most efficient simultaneous estimation      

      procedure and a 99 percent family confidence coefficient. Interpret your 

      intervals.

SAS CODE:

data steriod;

infile "c:\stat231B06\ch08pr06.txt";

input y x;

xc=x-15.78;

xcsq=xc*xc;

/*Find t(1-alpha/2*g,n-p)where alpha=0.01, g=3,n=27,p=3 in this example*/
tvalue=tinv(0.99833,24);

/*Find F(1-alpha,p,n-p) where alpha=0.01,n=27,p=3 in this example*/
fvalue=finv(0.99,3,24);

/*calculate the W value from formual (6.61) in textbook ALSM*/
W=sqrt(3*fvalue);

/*Write a column of 1's into the steriod data file*/
x0=1;

run;

proc iml;

use steriod;

read all var {'y'} into y;

read all var {'xc'} into a;

read all var {'xcsq'} into asq;

read all var {'x0'} into con;

read all var {'tvalue'} into tvalue;

read all var {'W'} into W;

x=(con||a||asq);

xtx=x`*x;

xty=x`*y;

/*Find the b matrix using text equaltion (6.25) in ALSM*/
b=inv(x`*x)*x`*y;

xtxinv=inv(x`*x);

/*Define xh matrix per equation (6.55) on page 229 of ALSM*/
xh1={1,10,100};

xh2={1,15,225};

xh3={1,20,400};

/*Find the standard deviation of yhat per text equation (6.57) on page 229 of ALSM*/
sxh1=sqrt(9.9392*((xh1`)*(xtxinv)*xh1));

sxh2=sqrt(9.9392*((xh2`)*(xtxinv)*xh2));

sxh3=sqrt(9.9392*((xh3`)*(xtxinv)*xh3));

/*Find the yhat using text equation (6.55) on page 229 of ALSM*/
yhath1=xh1`*b;

yhath2=xh2`*b;

yhath3=xh3`*b;

/*Find confidence interval using text equation 6.62 on page 230 of ALSM*/
yhath1lo=yhath1-tvalue*sxh1;

yhath1hi=yhath1+tvalue*sxh1;

yhath2lo=yhath2-tvalue*sxh2;

yhath2hi=yhath2+tvalue*sxh2;

yhath3lo=yhath3-tvalue*sxh3;

yhath3hi=yhath3+tvalue*sxh3;

h1lo=yhath1lo[1,1];

h1hi=yhath1hi[1,1];

h2lo=yhath2lo[1,1];

h2hi=yhath2hi[1,1];

h3lo=yhath3lo[1,1];

h3hi=yhath3hi[1,1];

print tvalue2 yhath1 sxh1 h1lo h1hi yhath2 sxh2 h2lo h2hi yhath3 sxh3 h3lo h3hi;

quit;

SAS OUTPUT:

TVALUE2    YHATH1      SXH1      H1LO      H1HI    YHATH2      SXH2      H2LO      H2HI

3.2575603 20.624873  1.895378 14.450564 26.799181 11.508872 4.5684127 -3.373007 26.390752

                               YHATH3      SXH3      H3LO      H3HI

                            -3.527191 8.5028604 -31.22577  24.17139
(b)  Predict the steroid levels of females aged 15 using a 99 percent prediction interval. Interpret your interval.
SAS CODE:

data steriod;

infile "c:\stat231B06\ch08pr06.txt";

input y x;

xc=x-15.78;

xcsq=xc*xc;

/*Find t(1-alpha/2,n-p)where alpha=0.01,n=27,p=3 in this example*/
tvalue=tinv(0.995,24);

/*Write a column of 1's into the steriod data file*/
x0=1;

run;

proc iml;

use steriod;

read all var {'y'} into y;

read all var {'xc'} into a;

read all var {'xcsq'} into asq;

read all var {'x0'} into con;

read all var {'tvalue'} into tvalue;

x=(con||a||asq);

xtx=x`*x;

xty=x`*y;

/*Find the b matrix using text equaltion (6.25) in ALSM*/
b=inv(x`*x)*x`*y;

xtxinv=inv(x`*x);

/*Define xh matrix per equation (6.55) on page 229 of ALSM*/
xh={1,15,225};

/*Find the standard deviation of yhat(new) per text equation (6.63a) on page 230 of ALSM*/
sxh=sqrt(9.9392+9.9392*((xh`)*(xtxinv)*xh));

/*Find the yhat using text equation (6.55) on page 229 of ALSM*/
yhath=xh`*b;

/*Find confidence interval using text equation 6.63a on page 230 of ALSM*/
yhathlo=yhath-tvalue*sxh;

yhathhi=yhath+tvalue*sxh;

hlo=yhathlo[1,1];

hhi=yhathhi[1,1];

tvalue2=tvalue[1];

print yhath hlo hhi tvalue2 sxh;

quit;

SAS OUTPUT:

                           YHATH       HLO       HHI   TVALUE2       SXH

                       11.508872 -4.015929 27.033674 2.7969395 5.5506391
3. Residual plot analysis

Obtain the residuals and plot them against the fitted values and against x on separate graphs. Also prepare a normal probability plot. What do you plots show?

SAS CODE:
data steriod;

infile "c:\stat231B06\ch08pr06.txt";

input y x;

xc=x-15.78;

run;

proc glm data=steriod;

model y = xc xc*xc;

output out=result p=pred r=resid;

run;

proc plot data=result;

plot  resid*pred resid*x;

run;

proc univariate normal plot;

var resid;

run;
In fact, you should be able to write the code to do this on your own. If you have any problems, please consult the lab 2.
SAS OUTPUT:

  Plot of resid*pred.  Legend: A = 1 obs, B = 2 obs, etc.
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    Plot of resid*x.  Legend: A = 1 obs, B = 2 obs, etc.
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4. Lack of fit test. 

Test formally for lack of fit. Control the risk of a Type I error at 0.01.   State the alternatives, decision rule and conclusion. 

SAS CODE:

data steriod;

infile "c:\stat231B06\ch08pr06.txt";

input y x;

xc=x-15.78;

run;

/*sort the data in the order of x so that the number of levels can be easily identified*/
proc sort data=steriod; by x;run; 

proc glm data=steriod;

 class x;  /* here x serves as a indicator variable as the function of j that you see in lab 3*/
 model y= xc xc*xc x;

 run;

You should be able to write the code to do this on your own. If you have any problems. Please consult the lab 3 
                                       The GLM Procedure

Dependent Variable: y

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                       14     1126.113333       80.436667       6.08    0.0017

      Error                       12      158.693333       13.224444
      Corrected Total             26     1284.806667

                       R-Square     Coeff Var      Root MSE        y Mean

                       0.876485      20.61013      3.636543      17.64444

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

      xc                           1     793.2805099     793.2805099      59.99    <.0001

      xc*xc                        1     252.9853477     252.9853477      19.13    0.0009

      x                           12      79.8474757       6.6539563       0.50    0.8758

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

      xc                           0      0.00000000       .                .       .

      xc*xc                        0      0.00000000       .                .       .

      x                           12     79.84747574      6.65395631       0.50    0.8758
5. Refer to Brand preference problem that you worked on in the previous labs.
(a) Fit regression model (8.22) in textbook  ALSM.
(b) Test whether or not the interaction term can be dropped from the model; use (=0.05. State the alternatives, decision rule, and conclusion.

You should be able to write the SAS code and conduct the test on your own. Please refer to the lab5sol.doc for the correctness of your answer.
6. Plot the sample data and estimated regression functions for the two population as a symbolic scatter plot with fitted line; test for identity of the two population
Example: A tax consultant studied the current relation between selling price and assessed valuation of one-family residential dwellings in a large tax district by obtaining data for a random sample of 16 recent “arm’s-length” sales transactions of one-family dwellings located on corner lots and for a random sample of 48 recent sales of one-family dwellings not located on corner lots. In the data see CH08PR24.txt. , both selling price (Y) and assessed valuation (X1) are expressed in thousand dollars, whereas lot location (X2) is coded 1 for corner lots and 0 for non-corner lots. Assume that the error variance in the two populations are equal and that regression model (8.49) of the text ALSM is appropriate. 
(a) Plot the sample data for the two populations as a symbolic scatter plot. Does the regression relation appear to be the same for the two populations?

(b) Test for identity of the regression function for dwellings on corner lots and dwellings in other locations; control the risk of Type I error at 0.05. State the alternatives, decision rule, and conclusion.

(c) Plot the estimated regression functions for the two populations and describe the 

       nature of the differences between them.
SAS CODE:
data house;

infile "c:\stat231B06\ch08pr24.txt";

input y x1 x2;

xc=x-15.78;

run;

/*sort the data in the order of x2 so that two groups can be easily identified*/
proc sort data=house; by x2;run;

goptions reset=all; /*reset all the settings for graphics to default*/ 

proc gplot;

title1 'symbolic scatter plot';

/*create two symbols, one is circle with black color and the other is dot with red color*/
/*interpol=rl means draw the regression line*/
symbol1 value=circle color=black interpol=rl;

symbol2 value=dot color=red interpol=rl;

footnote h=1.5 j=c 'not corner [circle] vs corner [dot]';

plot y*x1=x2;

run;

proc glm;

model y=x1 x2 x1*x2;

run;
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       The GLM Procedure

Dependent Variable: y

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        3     4237.050215     1412.350072      93.21    <.0001

      Error                       60      909.104629       15.151744

      Corrected Total             63     5146.154844

                       R-Square     Coeff Var      Root MSE        y Mean

                       0.823343      4.925784      3.892524      79.02344

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

      x1                           1     3670.904250     3670.904250     242.28    <.0001

      x2                           1      453.147444      453.147444      29.91    <.0001

      x1*x2                        1      112.998521      112.998521       7.46    0.0083

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

      x1                           1     3030.460559     3030.460559     200.01    <.0001

      x2                           1       96.449173       96.449173       6.37    0.0143

      x1*x2                        1      112.998521      112.998521       7.46    0.0083

                                                 Standard

               Parameter         Estimate           Error    t Value    Pr > |t|

               Intercept     -126.9051708     14.72246977      -8.62      <.0001

               x1               2.7758980      0.19628201      14.14      <.0001

               x2              76.0215316     30.13135562       2.52      0.0143

               x1*x2           -1.1074824      0.40553821      -2.73      0.0083







