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Homework #6 Answers


Taggert J. Brooks 
For Question one through four, consult the exercises at the end of the appropriate chapter.
1. Using the file cll-data.sav, which contains data on students in ECO 110, run the following regression and answer the questions.

Score= f(actmth, acteng, perrnk, aptpre, age, control)
Do White’s test for heteroskedasticity.  Is there a problem?

regress score actmth acteng perrnk aptpre age control

      Source |       SS       df       MS              
Number of obs =     115

-------------+------------------------------           
F(  6,   108) =    8.19

       Model |  974.101817     6  162.350303           
Prob > F      =  0.0000

    Residual |   2141.0634   108  19.8246611           
R-squared     =  0.3127

-------------+------------------------------           
Adj R-squared =  0.2745

       Total |  3115.16522   114  27.3260107           
Root MSE      =  4.4525

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

       score |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

      actmth |   .6023686   .1335875     4.51   0.000     .3375749    .8671623

      acteng |   .0996665   .1252757     0.80   0.428    -.1486516    .3479847

      perrnk |   .0649286   .0303138     2.14   0.034     .0048414    .1250157

      aptpre |    .389297   .1879305     2.07   0.041     .0167861    .7618079

         age |   1.328981   .3432825     3.87   0.000     .6485359    2.009427

     control |  -1.748774   .8588803    -2.04   0.044    -3.451224    -.046324

       _cons |  -26.23101   8.686535    -3.02   0.003    -43.44922   -9.012786

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

. whitetst

White's general test statistic :  23.30573  Chi-sq(26)  P-value =  .6156

Critical Value is something over 31.4 so we fail to reject the null hypothesis of no heteroskedasticity. There are 26 slope coefficients in the regression...maybe I should have dropped a few variables to make it easier on you.

regress score actmth acteng perrnk aptpre age control, r

Regression with robust standard errors                 Number of obs =     115

                                                       F(  6,   108) =   11.62

                                                       Prob > F      =  0.0000

                                                       R-squared     =  0.3127

                                                       Root MSE      =  4.4525

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

             |               Robust

       score |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

      actmth |   .6023686   .1259619     4.78   0.000     .3526903    .8520469

      acteng |   .0996665   .1224487     0.81   0.417    -.1430481    .3423812

      perrnk |   .0649286    .028987     2.24   0.027     .0074713    .1223858

      aptpre |    .389297   .1749197     2.23   0.028     .0425759    .7360181

         age |   1.328981   .3517765     3.78   0.000     .6316994    2.026263

     control |  -1.748774   .8307162    -2.11   0.038    -3.395397   -.1021502

       _cons |  -26.23101   8.567977    -3.06   0.003    -43.21422   -9.247788

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

Using the macro available here: http://www.comm.ohio-state.edu/ahayes/SPSS%20programs/HCSEp.htm
Or following the direction here:
http://www.spsstools.net/Syntax/RegressionRepeatedMeasure/WhiteSE_HCO_HC2andHC3.txt
Running the first one above we get: 
HCREG dv =score /iv = actmth acteng perrnk aptpre age control.
Run MATRIX procedure:

HC Method

 3

Criterion Variable

 score

Model Fit:

       R-sq          F        df1        df2          p

      .3127    10.8705     6.0000   108.0000      .0000

Heteroscedasticity-Consistent Regression Results

              Coeff     SE(HC)          t      P>|t|

Constant   -26.2310     9.1300    -2.8731      .0049

actmth        .6024      .1299     4.6374      .0000

acteng        .0997      .1285      .7754      .4398

perrnk        .0649      .0305     2.1286      .0356

aptpre        .3893      .1823     2.1360      .0349

age          1.3290      .3814     3.4846      .0007

control     -1.7488      .8598    -2.0339      .0444

------ END MATRIX -----

The answers are slightly different due to slightly different methods.

2. Do Problem 15 in chapter 9 on page 343.  The data can be found on the textbook website, under DEFEND9.
Here are the two regressions that we ran, using the new dependent variable lnsdl.

(9.26)

. regress lnsdl lnusd lnsy lnsp

      Source |       SS       df       MS              
Number of obs =      25

-------------+------------------------------           
F(  3,    21) =  398.97

       Model |  2.18138146     3  .727127154           
Prob > F      =  0.0000

    Residual |  .038272724    21  .001822511           
R-squared     =  0.9828

-------------+------------------------------           
Adj R-squared =  0.9803

       Total |  2.21965419    24  .092485591           
Root MSE      =  .04269

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

       lnsdl |      Coef.            Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

       lnusd |   .1744011   .0706477     2.47   0.022     .0274811    .3213211

        lnsy |   1.124412   .0616484    18.24   0.000     .9962067    1.252617

        lnsp |  -.0369587   .0303016    -1.22   0.236    -.0999744    .0260569

       _cons |  -3.859693   .6748921    -5.72   0.000    -5.263208   -2.45617

Durbin-Watson d-statistic(  4,    25) =  .6957723

There is clearly a serial correlation issue since the DW is below the lower limit we reject the null of no serial correlation

Where d_l=1.12 and d_u=1.66

(9.27)
. regress lnsdl lnusd lnsy 

      Source |       SS       df       MS              
Number of obs =      25

-------------+------------------------------           
F(  2,    22) =  584.75

       Model |   2.1786702     2   1.0893351           
Prob > F      =  0.0000

    Residual |  .040983991    22  .001862909           
R-squared     =  0.9815

-------------+------------------------------           
Adj R-squared =  0.9799

       Total |  2.21965419    24  .092485591           
Root MSE      =  .04316

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

       lnsdl |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

       lnusd |   .1431745   .0665714     2.15   0.043      .005114    .2812351

        lnsy |   1.062052   .0348256    30.50   0.000      .989828    1.134276

       _cons |  -3.286378   .4896254    -6.71   0.000    -4.301799   -2.270958

Durbin-Watson d-statistic(  3,    25) =  .5936885
Clearly there is still an  issue with serial correlation
Where d_l=1.12 and d_u=1.66

A. In 9.26 we see that the coefficients on lnsy and lnusd are significant, since their t-stats are greater than the critical value of 1.721 and their p-values are below .05, however the coefficient on lnsp is insignificant.  When we drop the insignificant variable, lnsp, the other variables are still significant in 9.27.

B.  The specification criteria imply that lnsp is an irrelevant variable, R_squared changes only slightly, and the other estimated coefficients hardly change.

C.  For both equations the DW is below the critical value, so we have evidence of positive serial correlation, see my comments after each regression.
D. No, the improvement in DW was so small, it was probably not due to impure serial correlation.

E. Since these equations imply that lnsp is irrelevant it is probably wise to run GLS on it.

So here is a GLS transformation on the 

. prais lnsdl lnusd lnsy 

Iteration 0:  rho = 0.0000

Iteration 1:  rho = 0.5185

Iteration 2:  rho = 0.5763

Iteration 3:  rho = 0.5893

Iteration 4:  rho = 0.5926

Iteration 5:  rho = 0.5934

Iteration 6:  rho = 0.5936

Iteration 7:  rho = 0.5937

Iteration 8:  rho = 0.5937

Iteration 9:  rho = 0.5937

Iteration 10:  rho = 0.5937

Prais-Winsten AR(1) regression -- iterated estimates

      Source |       SS       df       MS              Number of obs =      25

-------------+------------------------------           F(  2,    22) =  468.42

       Model |  1.04805324     2  .524026622           Prob > F      =  0.0000

    Residual |  .024611405    22    .0011187           R-squared     =  0.9771

-------------+------------------------------           Adj R-squared =  0.9750

       Total |  1.07266465    24   .04469436           Root MSE      =  .03345

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

       lnsdl |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

       lnusd |   .1467827    .082205     1.79   0.088       -.0237    .3172654

        lnsy |   1.082939   .0510771    21.20   0.000     .9770117    1.188867

       _cons |   -3.43804   .6009233    -5.72   0.000    -4.684279   -2.191801

-------------+----------------------------------------------------------------

         rho |   .5936924

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

Durbin-Watson statistic (original)    0.593688

Durbin-Watson statistic (transformed) 1.126756

You can also use the Cochrane – Orcutt method we discussed in class and the results would look like:

. prais lnsdl lnusd lnsy, corc 

Iteration 0:  rho = 0.0000

Iteration 1:  rho = 0.5185

Iteration 2:  rho = 0.5507

Iteration 3:  rho = 0.5681

Iteration 4:  rho = 0.5788

Iteration 5:  rho = 0.5859

Iteration 6:  rho = 0.5909

Iteration 7:  rho = 0.5944

Iteration 8:  rho = 0.5970

Iteration 9:  rho = 0.5990

Iteration 10:  rho = 0.6004

Iteration 11:  rho = 0.6015

Iteration 12:  rho = 0.6024

Iteration 13:  rho = 0.6030

Iteration 14:  rho = 0.6035

Iteration 15:  rho = 0.6039

Iteration 16:  rho = 0.6042

Iteration 17:  rho = 0.6044

Iteration 18:  rho = 0.6046

Iteration 19:  rho = 0.6047

Iteration 20:  rho = 0.6049

Iteration 21:  rho = 0.6049

Iteration 22:  rho = 0.6050

Iteration 23:  rho = 0.6051

Iteration 24:  rho = 0.6051

Iteration 25:  rho = 0.6051

Iteration 26:  rho = 0.6051

Iteration 27:  rho = 0.6052

Iteration 28:  rho = 0.6052

Iteration 29:  rho = 0.6052

Iteration 30:  rho = 0.6052

Iteration 31:  rho = 0.6052

Iteration 32:  rho = 0.6052

Iteration 33:  rho = 0.6052

Iteration 34:  rho = 0.6052

Iteration 35:  rho = 0.6052

Iteration 36:  rho = 0.6052

Iteration 37:  rho = 0.6052

Iteration 38:  rho = 0.6052

Iteration 39:  rho = 0.6052

Cochrane-Orcutt AR(1) regression -- iterated estimates

      Source |       SS       df       MS              
Number of obs =      24

-------------+------------------------------           
F(  2,    21) =  216.07

       Model |  .203184861     2  .101592431           
Prob > F      =  0.0000

    Residual |  .009873736    21  .000470178          
R-squared     =  0.9537

-------------+------------------------------           
Adj R-squared =  0.9492

       Total |  .213058598    23  .009263417           
Root MSE      =  .02168

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

       lnsdl |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

       lnusd |   .0942378    .054502     1.73   0.098    -.0191054     .207581

        lnsy |   .9136994    .045447    20.10   0.000     .8191872    1.008212

       _cons |  -2.120236   .4588702    -4.62   0.000    -3.074509   -1.165963

-------------+----------------------------------------------------------------

         rho |   .6052229

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

Durbin-Watson statistic (original)    0.593688

Durbin-Watson statistic (transformed) 1.366406

Notice they use slightlydifferent rho values and thus get different results.
In SPSS it looks like this....
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estimate of rho for second equation
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You could use this rho (.518) to transform the data and re-estimate.
The Syntax for SPSS

AREG VARIABLES=lnsdl WITH lnusd lnsy lnsp

  /METHOD=CO.
Initial reg.
	Regression Coefficients

	
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig

	
	B
	Std. Error
	Beta
	
	

	lnusd
	.174
	.071
	.088
	2.469
	.022

	lnsy
	1.124
	.062
	1.086
	18.239
	.000

	lnsp
	-.037
	.030
	-.064
	-1.220
	.236

	(Constant)
	-3.860
	.675
	
	-5.719
	.000

	The Cochrane-Orcutt estimation method is used.
	
	


	Iteration History

	
	Rho (AR1)

	
	Value
	Std. Error
	Durbin-Watson
	Mean Squared Errors

	0
	.490
	.195
	.800
	.000

	1
	.554
	.186
	.854
	.000

	2
	.585
	.181
	.879
	.000

	3
	.602
	.179
	.894
	.000

	4
	.613
	.177
	.904
	.000

	5
	.621
	.175
	.910
	.000

	6
	.626
	.174
	.914
	.000

	7
	.630
	.174
	.918
	.000

	8
	.633
	.173
	.920
	.000

	9
	.635
	.173
	.922
	.000

	10a
	.637
	.172
	.923
	.000

	The Cochrane-Orcutt estimation method is used.

	a. The estimation terminated at this iteration, because the maximum number of iterations 10 was reached.


After 10 iterations

	Autocorrelation Coefficient

	Rho (AR1)
	Std. Error

	.637
	.172

	The Cochrane-Orcutt estimation method is used.


	Model Fit Summary

	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	.975
	.951
	.941
	.021
	.923

	The Cochrane-Orcutt estimation method is used.
	


	Regression Coefficients

	
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig

	
	B
	Std. Error
	Beta
	
	

	lnusd
	.046
	.061
	.045
	.745
	.466

	lnsy
	.807
	.071
	.896
	11.393
	.000

	lnsp
	.044
	.025
	.131
	1.737
	.099

	(Constant)
	-1.178
	.676
	
	-1.743
	.097

	The Cochrane-Orcutt estimation method is used.
	
	


Now returning to the model without lnsp
	Iteration History

	
	Rho (AR1)

	
	Value
	Std. Error
	Durbin-Watson
	Mean Squared Errors

	0
	.506
	.188
	.877
	.001

	1
	.545
	.183
	.909
	.000

	2
	.565
	.180
	.924
	.000

	3
	.576
	.178
	.933
	.000

	4
	.584
	.177
	.939
	.000

	5
	.589
	.176
	.943
	.000

	6
	.593
	.176
	.945
	.000

	7
	.596
	.175
	.947
	.000

	8
	.597
	.175
	.949
	.000

	9
	.599
	.175
	.950
	.000

	10a
	.600
	.175
	.950
	.000

	The Cochrane-Orcutt estimation method is used.

	a. The estimation terminated at this iteration, because the maximum number of iterations 10 was reached.


	Autocorrelation Coefficient

	Rho (AR1)
	Std. Error

	.600
	.175

	The Cochrane-Orcutt estimation method is used.


	Model Fit Summary

	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	.977
	.955
	.948
	.022
	.950

	The Cochrane-Orcutt estimation method is used.
	


	Regression Coefficients

	
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig

	
	B
	Std. Error
	Beta
	
	

	lnusd
	.094
	.056
	.085
	1.689
	.107

	lnsy
	.916
	.046
	1.003
	19.919
	.000

	(Constant)
	-2.134
	.467
	
	-4.568
	.000

	The Cochrane-Orcutt estimation method is used.
	
	


