SAS Program Code Comparing Logistic Regression Estimates

The following is from the penalty data set taken from Logistic Regression Using the SAS System: Theory and Application  by  Paul D. Allison. This is the SAS program code that compares the neural network XE "neural network" 

 XE "model node:neural network"  estimates with logistic regression XE "logistic regression"  estimates. A SAS macro was created to generate the various charts previously illustrated in order to compare the probability estimates across the various seriousness ratings based on the categorical input variable XE "input variable" s of black defendants and white victims.

proc format;

 value grpfmt 1 = 'Logistic Regression Probabilities'
              2 = 'Neural Network Probabilities';

run;

data penalty;

input death blackd whitvic serious culp serious2;

datalines;

0 1 0 7.1 2 3.4

... 

1 1 1 9.3 5 4.4

;

* Generate logistic regression XE "logistic regression"  estimates with diagnostic statistics; 

proc logistic data=penalty descending;

   model death=blackd whitvic serious / iplots influence;

   output out=lout pred     = pred 

                   reschi   = reschi 

                   resdev   = resdev 

                   dfbetas  = int serious black whitevic 

                   difdev   = diffdev;

run;

* Generate neural network XE "neural network" 

 XE "model node:neural network"  estimates; 

data neural;

 set penalty;

 ***********************************; 

 *** Begin Scoring Code for Neural; 

 ***********************************; 

 *** Generate dummy variables for BLACKD; 

    length _dm12 $ 12; drop _dm12; 

    _dm12 = put( blackd, BEST12.); 

    %DMNORMIP( _dm12) 

    if _dm12 = '0' then BLACKD0 = 1; 

    else if _dm12 = '1' then BLACKD0 = -1; 

*** Generate dummy variables for WHITVIC; 

    _dm12 = put( whitvic, BEST12.); 

    %DMNORMIP( _dm12) 

    if _dm12 = '0' then WHITVIC0 = 1; 

    else if _dm12 = '1' then WHITVIC0 = -1; 

    else do; 

       WHITVIC0 = .; 

       substr(_warn_,2,1) = 'U'; 

       _FATAL_ = 1; 

    end; 

 *** *************************; 

 *** Writing the Node interval; 

 *** *************************; 

    S_serious = -2.35477787735143 + 0.29591296741598 * serious ; 

 *** *************************; 

 *** Writing the Node H1; 

 *** *************************; 

    H11 = 0.00766315760401 * S_serious ; 

    H12 =-0.43285783832146 * S_serious ; 

    H11 = H11 + -0.16451320309626 * blackd0 + -0.09776328143384 * whitvic0; 

    H12 = H12 +  0.17489130670332 * blackd0 +  0.09811425958453 * whitvic0; 

    H11 = -1.51668073493573 + H11 ; 

    H12 =  0.77913662817624 + H12 ; 

    H11 = TANH(H11); 

    H12 = TANH(H12); 

 *** *************************; 

 *** Writing the Node DEATH; 

 *** *************************; 

F_DEATH = put( death, BEST12.); 

 %DMNORMIP( F_DEATH) 

    if F_DEATH = '1' then do; 

       DEATH1 = 1; DEATH0 = 0; 

    end; 

    else if F_DEATH = '0' then do; 

       DEATH1 = 0; DEATH0 = 1; 

    end; 

    else do; 

       DEATH1 = .; DEATH0 = .; 

    end; 

    P_death1 = 0.78542709587811 * H11 + -2.22520405781345 * H12 ; 

    P_death1 = 1.39700274236498 + P_death1 ; 

    _MAX_ = 0.; 

    _SUM_ = exp( - _MAX_ ); 

    P_DEATH1 = EXP(P_DEATH1 - _MAX_); 

    _SUM_ = _SUM_ + P_DEATH1; 

    P_DEATH1 = P_DEATH1 / _SUM_; 

    P_DEATH0 = 1. - ( P_DEATH1 ); 

*** Compute Expected Consequences and Choose Decision; 

    EP_DEATH_  = P_DEATH1 * 1 + P_DEATH0 * 0; 

run;

* Creating plotting data set with estimated probabilities;
data final1;

 set lout   (in=ina)

     neural (in=inb

         rename=(p_death1=pred));
      if ina then group = 1;

 else if inb then group = 2;
run;

data final2;

 set lout   (in=ina)

     neural (in=inb

         rename=(p_death0=pred));
      if ina then group = 1;

 else if inb then group = 2;

 if ina then pred = 1 - pred;

run;

%macro allison(criteria=,titles=);

axis1 label=(c=black f=zapf h=1.2 j=c "Serious Rating")

      value=(h=1 f=zapf)

      minor=none width=3;

axis2 label=(c=black f=zapf h=1.2 j=r "Death Penalty")

      value=(h=1 f=zapf)

      order = 0 to 1 by .1
      minor=none width=3;

title1 font=zapf height=1.5  'Logistic Regression Estimates';

title2 font=zapf height=1.2  'Observed and Predicted Values of the Death 

                              Penalty Against Seriousness Rating';

title3 font=zapf height=1.2  "of &titles";

symbol1 i=none value=circle color=black height=1;

symbol2 i=none value=star   color=black height=1;

legend1 label=(f=zapf h=1 '') value=(j=c h=1 f=zapf) position=center;

proc gplot data=final1;

  WHERE death=1 and &criteria;

  plot pred*serious=group / haxis  = axis1

                            vaxis  = axis2

                            legend = legend1;

footnote1 font=swiss justify=left height=1 'Logistic Regression   

   Model: DEATH = BLACKD + WHITEVIC + SERIOUS + Error';

Footnote2 font=swiss justify=left height=1 "Data Source: Logistic 

   Regression Using the SAS System: Theory and Application";

run;

axis1 label=(c=black f=zapf h=1.2 j=c "Serious Rating")

      value=(h=1 f=zapf)

      minor=none width=3;

axis2 label=(c=black f=zapf h=1.2 j=r "Life Imprisonment")

      value=(h=1 f=zapf)

      order = 0 to 1 by .1
      minor=none width=3;

title1 font=zapf  height=1.5  'Logistic Regression Estimates';

title2 font=zapf  height=1.2  'Observed and Predicted Values of Life 

                               Imprisonment Against Seriousness Rating';

title3 font=zapf  height=1.2  "of &titles";

symbol1 i=none value=circle color=black height=1 ;

symbol2 i=none value=star   color=black height=1 ;

legend1 label=(f=zapf h=1 '') value=(j=c h=1 f=zapf) position=center;

proc gplot data=final2;

  WHERE death=0 and &criteria;

  plot pred*serious=group / haxis  = axis1

                            vaxis  = axis2

                            legend = legend1;

footnote5 font=swiss justify=left height=1 'Logistic Regression 

   Model: DEATH = BLACKD + WHITEVIC + SERIOUS + Error';

footnote6 font=swiss justify=left height=1 "Data Source: Logistic 

   Regression Using the SAS System: Theory and Application";

run;

%mend;

%allison(criteria=blackd=1 and whitvic=1,

           titles=Black Defendant and White Victim);

%allison(criteria=blackd=1 and whitvic=0,

           titles=Black Defendant and Non-White Victim);

%allison(criteria=blackd=0 and whitvic=1,

           titles=Non-Black Defendant and White Victim);

%allison(criteria=blackd=0 and whitvic=0,

           titles=Non-Black Defendant and Non-White Victim);

* Create a variable of the estimated probabilities for each level of the 

  target variable XE "target variable"  death and life imprisonment;
data lout;

 set lout;

   if death = 0 then death0=pred;

   if death = 1 then death1=pred;

run;

title1 font=zapf  height=1.4  'Logistic Regression Estimates';

title2 font=zapf  height=1.2  'Diagnostic Analysis of the Estimated 

                               Probabilites by the Deviance Influential 

                               Statistic';

axis1 label=(c=black f=zapf h=1.2 j=c "Estimated Probabilities")

      value=(h=1)

      minor=none 

      width=3;

axis2 label=(c=black f=zapf h=1.2 j=c a=90 "Deviance Influential Stats")

      value=(h=1)

      minor=none

      width=3;

symbol1 i=none value=dot    color=black height=1;

symbol2 i=none value=circle color=black height=1;

symbol3 i=none value=star   color=black height=1;

proc gplot data=lout;

   plot diffdev*death1=1 diffdev*death0=2 / overlay 

                                            haxis=axis1

                                            vaxis=axis2

                                            nolegend ;

footnote;

footnote1 font=swissl justify=left height=1 'Death Penalty: Dot';

footnote2 font=swissl justify=left height=1 

   'Life Imprisonment: Circle';

footnote4 font=swissl  justify=left height=1 

   "Data Source: Logistic Regression Using the SAS System: 

                 Theory and Application";

run;

%macro diagnostic(vars=,titles=);

title1 font=zapf height=1.4 'Logistic Regression Estimates';

title2 font=zapf height=1.2 "Pearson Residuals by &titles";

axis1 label=(c=black f=zapf h=1.2 j=c "&titles")

      value=(h=1)

      minor=none

      width=3;

axis2 label=(c=black f=zapf h=1.2 j=c "Pearson Residual")

      value=(h=1)

      minor=none

      width=3;

symbol i=none value=circle color=blue  height=.8 ;

proc gplot data=lout;

   plot reschi*&vars / haxis=axis1

                       vaxis=axis2

                       nolegend ;

footnote;

footnote2 font= swissl justify=left height=1 

    "Data Source: Logistic Regression Using the SAS System: 

                  Theory and Application";

run;

%mend;

%diagnostic(vars=blackd,  titles=Black Defendant);

%diagnostic(vars=whitvic, titles=White Victim);

%diagnostic(vars=serious, titles=Serious Rating);

* Rank of the predicted target events from the neural validation data set;
proc rank data=&_mac_3 out=r1;

 var p_death1;

 ranks rp_death1;

run;

* Rank of the predicted target events from the logistic validation file;
proc rank data=&_mac_4 out=r2;

 var p_death1;

 ranks rp_death1;

run;

* Calculating the ROC area statistic between both validation data sets;
proc sql;

 select SUM(&_targets=1) as n1,

 (SUM(rp_death1*(&_targets=1))-.5*(calculated n1)*(calculated n1+1)) /  

 ((calculated n1)*(COUNT(&_targets)-(calculated n1))) as c_nos1 from r1;

select SUM(&_targets=1) as n1,

 (SUM(rp_death1*(&_targets=1))-.5*(calculated n1)*(calculated n1+1)) / 

 ((calculated n1)*(COUNT(&_targets)-(calculated n1))) as c_nos2 from r2;

quit;

