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Logistic Regression Using Stata
*PART A. Understand what Stata can do

* Read the data set to Stata
. use LOGISTIC.DTA, clear

* Assess effect of AREA on DEAD using 2-by-2 Table
. cs dead area, or

                 | area                   |

                 |   Exposed   Unexposed  |      Total

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

           Cases |        37          28  |         65

        Noncases |       204         196  |        400

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

           Total |       241         224  |        465

                 |                        |

            Risk |   .153527        .125  |   .1397849

                 |                        |

                 |      Point estimate    |    [95% Conf. Interval]

                 |------------------------+------------------------

 Risk difference |          .028527       |   -.0342996    .0913535 

      Risk ratio |         1.228216       |     .778466    1.937803 

 Attr. frac. ex. |         .1858108       |   -.2845776    .4839517 

 Attr. frac. pop |         .1057692       |

      Odds ratio |         1.269608       |    .7512221    2.145309 (Cornfield)

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

                               chi2(1) =     0.79  Pr>chi2 = 0.3754

* Calculate probability of DEAD (risk) manually for AREA = 1
. di 37/241

.15352697

* Calculate probability of DEAD (risk) manually for AREA = 0
. di 28/224

.125
* Obtain logistic regression results as OR
. logistic dead area

Logistic regression                               Number of obs   =        465

                                                  LR chi2(1)      =       0.79

                                                  Prob > chi2     =     0.3745

Log likelihood = -187.73214                       Pseudo R2       =     0.0021

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

        area |   1.269608    .342429     0.89   0.376     .7483246    2.154017

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

* Obtain probability of DEAD (risk) for each AREA
. prtab area

logistic: Predicted probabilities of positive outcome for dead

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

     area | Prediction

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

        0 |     0.1250

        1 |     0.1535

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

         area

x=  .51827957

* Obtain logistic regression coefficient, not OR
. logit dead area

Iteration 0:   log likelihood =  -188.1264

Iteration 1:   log likelihood = -187.73286

Iteration 2:   log likelihood = -187.73214

Logistic regression                               Number of obs   =        465

                                                  LR chi2(1)      =       0.79

                                                  Prob > chi2     =     0.3745

Log likelihood = -187.73214                       Pseudo R2       =     0.0021

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

        dead |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

        area |   .2387081   .2697124     0.89   0.376    -.2899185    .7673346

       _cons |   -1.94591   .2020295    -9.63   0.000    -2.341881    -1.54994

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

* Calculate OR from the coefficient
. di exp(1)

2.7182818

* Calculate Risk for AREA = 1
. di 1/(1+(2.7182818^(-(-1.94591+0.2387081))))

.153527

* Calculate Risk for AREA = 0
. di 1/(1+(2.7182818^(-(-1.94591+0))))

.12500002

* Calculate RR
. di 0.1535/0.1250

1.228

* Calculate OR
. di exp(0.2387081)

1.2696079

* Obtaing predicted probability and the change

. logistic dead bwt

Logistic regression                               Number of obs   =        465

                                                  LR chi2(1)      =      23.33

                                                  Prob > chi2     =     0.0000

Log likelihood = -176.46285                       Pseudo R2       =     0.0620

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

         bwt |   .9985009   .0003202    -4.68   0.000     .9978735    .9991287

------------------------------------------------------------------------------
. prvalue

logistic: Predictions for dead

Confidence intervals by delta method

                                95% Conf. Interval

  Pr(y=1|x):          0.1227   [ 0.0909,    0.1545]

  Pr(y=0|x):          0.8773   [ 0.8455,    0.9091]

          bwt

x=  3010.6946
. prchange

logistic: Changes in Probabilities for dead

     min->max      0->1     -+1/2    -+sd/2  MargEfct

bwt   -0.4130   -0.0001   -0.0002   -0.0711   -0.0002

              0       1

Pr(y|x)  0.8773  0.1227

            bwt

    x=  3010.69

sd(x)=  437.735
. prvalue, x(bwt = 2500) save

logistic: Predictions for dead

Confidence intervals by delta method

                                95% Conf. Interval

  Pr(y=1|x):          0.2313   [ 0.1716,    0.2910]

  Pr(y=0|x):          0.7687   [ 0.7090,    0.8284]

     bwt

x=  2500

. prvalue, x(bwt = 3500) dif

logistic: Change in Predictions for dead

Confidence intervals by delta method

                     Current     Saved    Change   95% CI for Change

  Pr(y=1|x):          0.0629    0.2313   -0.1684  [-0.2371,  -0.0997]

  Pr(y=0|x):          0.9371    0.7687    0.1684  [ 0.0997,   0.2371]

           bwt

Current=  3500

  Saved=  2500

   Diff=  1000
. set matsize 800

. prgen bwt, from(2000) to(4000) gap(10) gen(prbwt) ci

logistic: Predicted values as bwt varies from 2000 to 4000.

          bwt

x=  3010.6946
. sort bwt
. twoway (connected prbwtp1 bwt,/*

> */ clcolor(black) clpat(solid) clwidth(medthick) msymbol(i) mcolor(none))/*

> */ (connected prbwtp1ub bwt, msymbol(i) mcolor(none) clcolor(black)/*

> */ clpat(dash) clwidth(thin))/*

> */ (connected prbwtp1lb bwt, msymbol(i) mcolor(none)/*

> */ clcolor(black) clpat(dash) clwidth(thin)), /*

> */ ytitle("Probability of Having Dead Child") /*

> */ ylabel(, grid glwidth(medium) glpattern(dot))/*

> */ xscale(range(2000 4000)) xlabel(2000(200)4000)
*PART B. Practical ways
* Obtaining data for the table of bivariate analysis
* For categorical explanatory variable, ex1: Dichotomous
. tab area dead, row

           |         dead

      area |         0          1 |     Total

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

         0 |       196         28 |       224 

           |     87.50      12.50 |    100.00 

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

         1 |       204         37 |       241 

           |     84.65      15.35 |    100.00 

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

     Total |       400         65 |       465 

           |     86.02      13.98 |    100.00 
. logistic dead area

Logistic regression                               Number of obs   =        465

                                                  LR chi2(1)      =       0.79

                                                  Prob > chi2     =     0.3745

Log likelihood = -187.73214                       Pseudo R2       =     0.0021

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

        area |   1.269608    .342429     0.89   0.376     .7483246    2.154017

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

* For categorical explanatory variable, ex2: Polytomous
. tab place dead, row

           |         dead

    Place  |         0          1 |     Total

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

         0 |       337         38 |       375 

           |     89.87      10.13 |    100.00 

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

         1 |        47         21 |        68 

           |     69.12      30.88 |    100.00 

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

         2 |        11          4 |        15 

           |     73.33      26.67 |    100.00 

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

         3 |         5          2 |         7 

           |     71.43      28.57 |    100.00 

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

     Total |       400         65 |       465 

           |     86.02      13.98 |    100.00 
. xi:logistic dead i.place
i.place          _Iplace_0-3        (naturally coded; _Idchild_0 omitted)

Logistic regression                               Number of obs   =        465

                                                  LR chi2(3)      =      20.41

                                                  Prob > chi2     =     0.0001

Log likelihood = -177.92227                       Pseudo R2       =     0.0542

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

  _Iplace_1  |   3.962486   1.241573     4.39   0.000      2.14417    7.322785

  _Iplace_2  |    3.22488   1.962114     1.92   0.054     .9786269    10.62698

  _Iplace_3  |   3.547368   3.029351     1.48   0.138     .6652803    18.91507

------------------------------------------------------------------------------
* For continuous explanatory variable, ex1: explore for departure from linearity
. xtile tbwt = bwt, nq(3)
. table tbwt, c(n bwt min bwt max bwt)

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

3         |

quantiles |

of bwt    |     N(bwt)    min(bwt)    max(bwt)

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

        1 |        176        1850        2900

        2 |        154        2950        3200

        3 |        135        3250        4000

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

. xi:logistic dead i.tbwt

i.tbwt            _Itbwt_1-3          (naturally coded; _Itbwt_1 omitted)

Logistic regression                               Number of obs   =        465

                                                  LR chi2(2)      =      18.26

                                                  Prob > chi2     =     0.0001

Log likelihood = -178.99664                       Pseudo R2       =     0.0485

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

    _Itbwt_2 |   .4649321   .1439405    -2.47   0.013     .2534324    .8529369

    _Itbwt_3 |     .22128   .0901059    -3.70   0.000     .0996163    .4915346

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

* For continuous explanatory variable, ex2: use as continuous in case of no departure from linearity
. logistic dead bwt

Logistic regression                               Number of obs   =        465

                                                  LR chi2(1)      =      23.33

                                                  Prob > chi2     =     0.0000

Log likelihood = -176.46285                       Pseudo R2       =     0.0620

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

         bwt |   .9985009   .0003202    -4.68   0.000     .9978735    .9991287

------------------------------------------------------------------------------
* For continuous explanatory variable, ex3: categorize it based on pre-determined cut-point 
. gen bwtg = .

(465 missing values generated)

. replace bwtg = 1 if bwt < 2500 & bwt ~= .

(39 real changes made)

. replace bwtg = 2 if bwt >= 2500 & bwt < 3500

(333 real changes made)

. replace bwtg = 3 if bwt >= 3500

(93 real changes made)

. tab bwtg dead, row

           |         dead

      bwtg |         0          1 |     Total

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

         1 |        27         12 |        39 

           |     69.23      30.77 |    100.00 

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

         2 |       285         48 |       333 

           |     85.59      14.41 |    100.00 

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

         3 |        88          5 |        93 

           |     94.62       5.38 |    100.00 

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

     Total |       400         65 |       465 

           |     86.02      13.98 |    100.00 

. xi:logistic dead i.bwtg

i.bwtg            _Ibwtg_1-3          (naturally coded; _Ibwtg_1 omitted)

Logistic regression                               Number of obs   =        465

                                                  LR chi2(2)      =      14.48

                                                  Prob > chi2     =     0.0007

Log likelihood = -180.88574                       Pseudo R2       =     0.0385

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

    _Ibwtg_2 |   .3789474   .1441557    -2.55   0.011     .1797929    .7987029

    _Ibwtg_3 |   .1278409   .0736317    -3.57   0.000     .0413437    .3953037

------------------------------------------------------------------------------
* Obtaining data for the table of multivariable analysis (for example only)
* Step 1: Initial (full) model (Interaction term will be omitted in this example)
. xi:logistic dead  area malpres bwt mage i.place

i.place           _Iplace_0-3         (naturally coded; _Iplace_0 omitted)

Logistic regression                               Number of obs   =        465

                                                  LR chi2(7)      =      71.90

                                                  Prob > chi2     =     0.0000

Log likelihood = -152.17517                       Pseudo R2       =     0.1911

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

        area |   .7793796   .2405431    -0.81   0.419     .4256368    1.427115

     malpres |   10.18243   4.377131     5.40   0.000     4.384746    23.64603

         bwt |   .9987419   .0003581    -3.51   0.000     .9980403    .9994439

        mage |   .9666479   .0299295    -1.10   0.273     .9097317    1.027125

   _Iplace_1 |   2.951935   1.103311     2.90   0.004     1.418936    6.141164

   _Iplace_2 |   6.574216   4.475973     2.77   0.006     1.731067    24.96743

   _Iplace_3 |   3.541816   3.895996     1.15   0.250      .410114    30.58774

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

* Step 2: Store the model log-likelihood in A

. est store A
* Step 3: Reduced model

. xi:logistic dead  area malpres bwt mage

Logistic regression                               Number of obs   =        465

                                                  LR chi2(4)      =      59.03

                                                  Prob > chi2     =     0.0000

Log likelihood = -158.61102                       Pseudo R2       =     0.1569

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

        area |   .8440198   .2560033    -0.56   0.576     .4657695    1.529447

     malpres |   10.82832   4.405505     5.86   0.000     4.878085    24.03658

         bwt |   .9987377   .0003477    -3.63   0.000     .9980564    .9994195

        mage |   1.002078    .027432     0.08   0.940     .9497296    1.057313

------------------------------------------------------------------------------
* Step 4: Store the model log-likelihood in B

. est store B
* Step 5: Perform Likelihood ratio (LR) test B against A

. lrtest B A

Likelihood-ratio test                                  LR chi2(3)  =     12.87

(Assumption: B nested in A)                            Prob > chi2 =    0.0049
* Repeat Steps 3 - 5 till the final model has been obtained
*-- no further example of the analysis -- 

* Assess the model adequacy to ensure that the final is the best model 

* 1. Goodness-of-fit
. lfit

Logistic model for dead, goodness-of-fit test

       number of observations =       465

 number of covariate patterns =       348

            Pearson chi2(340) =       334.45

                  Prob > chi2 =       0.5748
. lfit, group(10) table

Logistic model for dead, goodness-of-fit test

  (Table collapsed on quantiles of estimated probabilities)

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

  | Group |   Prob | Obs_1 | Exp_1 | Obs_0 | Exp_0 | Total |

  |-------+--------+-------+-------+-------+-------+-------|

  |     1 | 0.0493 |     2 |   2.0 |    47 |  47.0 |    49 |

  |     2 | 0.0582 |     2 |   2.6 |    44 |  43.4 |    46 |

  |     3 | 0.0732 |     4 |   3.0 |    41 |  42.0 |    45 |

  |     4 | 0.0871 |     3 |   3.7 |    43 |  42.3 |    46 |

  |     5 | 0.0939 |     3 |   4.2 |    44 |  42.8 |    47 |

  |-------+--------+-------+-------+-------+-------+-------|

  |     6 | 0.1042 |    11 |   4.8 |    36 |  42.2 |    47 |

  |     7 | 0.1279 |     3 |   5.6 |    45 |  42.4 |    48 |

  |     8 | 0.1581 |     7 |   6.3 |    37 |  37.7 |    44 |

  |     9 | 0.2387 |     4 |   8.8 |    43 |  38.2 |    47 |

  |    10 | 0.8176 |    26 |  24.0 |    20 |  22.0 |    46 |

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

       number of observations =       465

             number of groups =        10

      Hosmer-Lemeshow chi2(8) =        14.96

                  Prob > chi2 =         0.0599
. fitstat

Measures of Fit for logistic of dead

Log-Lik Intercept Only:       -188.126   Log-Lik Full Model:           -152.175

D(457):                        304.350   LR(7):                          71.902

                                         Prob > LR:                       0.000

McFadden's R2:                   0.191   McFadden's Adj R2:               0.149

ML (Cox-Snell) R2:               0.143   Cragg-Uhler(Nagelkerke) R2:      0.258

McKelvey & Zavoina's R2:         0.251   Efron's R2:                      0.225

Variance of y*:                  4.390   Variance of error:               3.290

Count R2:                        0.890   Adj Count R2:                    0.215

AIC:                             0.689   AIC*n:                         320.350

BIC:                         -2502.561   BIC':                          -28.908

BIC used by Stata:             353.487   AIC used by Stata:             320.350
* 2. Compare several models

. xi:logistic dead  area malpres bwt mage

Logistic regression                               Number of obs   =        465

                                                  LR chi2(4)      =      59.03

                                                  Prob > chi2     =     0.0000

Log likelihood = -158.61102                       Pseudo R2       =     0.1569

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

        area |   .8440198   .2560033    -0.56   0.576     .4657695    1.529447

     malpres |   10.82832   4.405505     5.86   0.000     4.878085    24.03658

         bwt |   .9987377   .0003477    -3.63   0.000     .9980564    .9994195

        mage |   1.002078    .027432     0.08   0.940     .9497296    1.057313

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

. fitstat, saving(A)

Measures of Fit for logistic of dead

Log-Lik Intercept Only:       -188.126   Log-Lik Full Model:           -158.611

D(460):                        317.222   LR(4):                          59.031

                                         Prob > LR:                       0.000

McFadden's R2:                   0.157   McFadden's Adj R2:               0.130

ML (Cox-Snell) R2:               0.119   Cragg-Uhler(Nagelkerke) R2:      0.215

McKelvey & Zavoina's R2:         0.198   Efron's R2:                      0.178

Variance of y*:                  4.103   Variance of error:               3.290

Count R2:                        0.875   Adj Count R2:                    0.108

AIC:                             0.704   AIC*n:                         327.222

BIC:                         -2508.115   BIC':                          -34.463

BIC used by Stata:             347.932   AIC used by Stata:             327.222

(Indices saved in matrix fs_A)
. xi:logistic dead  area malpres bwt

Logistic regression                               Number of obs   =        465

                                                  LR chi2(3)      =      59.03

                                                  Prob > chi2     =     0.0000

Log likelihood = -158.61389                       Pseudo R2       =     0.1569

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

        area |   .8435927   .2558151    -0.56   0.575     .4655972    1.528464

     malpres |   10.88284   4.369888     5.95   0.000     4.953947    23.90744

         bwt |   .9987394    .000347    -3.63   0.000     .9980595    .9994198

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

. fitstat, using(A)

Measures of Fit for logistic of dead

                               Current             Saved        Difference

Model:                        logistic          logistic

N:                                 465               465                 0

Log-Lik Intercept Only        -188.126          -188.126             0.000

Log-Lik Full Model            -158.614          -158.611            -0.003

D                              317.228(461)      317.222(460)        0.006(1)

LR                              59.025(3)         59.031(4)          0.006(1)

Prob > LR                        0.000             0.000             0.940

McFadden's R2                    0.157             0.157            -0.000

McFadden's Adj R2                0.136             0.130             0.005

ML (Cox-Snell) R2                0.119             0.119            -0.000

Cragg-Uhler(Nagelkerke) R2       0.215             0.215            -0.000

McKelvey & Zavoina's R2          0.198             0.198             0.000

Efron's R2                       0.178             0.178            -0.000

Variance of y*                   4.103             4.103             0.000

Variance of error                3.290             3.290             0.000

Count R2                         0.875             0.875             0.000

Adj Count R2                     0.108             0.108             0.000

AIC                              0.699             0.704            -0.004

AIC*n                          325.228           327.222            -1.994

BIC                          -2514.251         -2508.115            -6.136

BIC'                           -40.599           -34.463            -6.136

BIC used by Stata              341.796           347.932            -6.136

AIC used by Stata              325.228           327.222            -1.994

Difference of    6.136 in BIC' provides strong support for current model.

Note: p-value for difference in LR is only valid if models are nested.
* 3. Test whether the logit link is appropriate 

. linktest

Iteration 0:   log likelihood =  -188.1264

Iteration 1:   log likelihood = -165.71079

Iteration 2:   log likelihood = -164.77233

Iteration 3:   log likelihood =  -158.4845

Iteration 4:   log likelihood = -158.48072

Iteration 5:   log likelihood = -158.48072

Logistic regression                               Number of obs   =        465

                                                  LR chi2(2)      =      59.29

                                                  Prob > chi2     =     0.0000

Log likelihood = -158.48072                       Pseudo R2       =     0.1576

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

        dead |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

        _hat |   1.126974   .2892012     3.90   0.000     .5601497    1.693798

      _hatsq |   .0588932   .1154089     0.51   0.610    -.1673041    .2850905

       _cons |  -.0178879   .2780021    -0.06   0.949    -.5627619    .5269861

------------------------------------------------------------------------------
* Note that p-value of any polychromous variables from the final model can be obtained by LR test the same ways as previously done

* 4. Detecting Multicollinearity
* If all of the variables are completely uncorrelated with each other,*

* both the tolerance and VIF are 1.*

* If a variable is very closely related to another variables,*

* the tolerance goes to 0, and the variance inflation gets very large.* 
. collin area malpres bwt mage

  Collinearity Diagnostics

                        SQRT                           Cond        R-

  Variable       VIF    VIF    Tolerance  Eigenval     Index    Squared

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

      area      1.03    1.01    0.9715     1.2784     1.0000     0.0285

   malpres      1.07    1.04    0.9333     1.0774     1.0893     0.0667

       bwt      1.05    1.02    0.9535     0.9178     1.1802     0.0465

      mage      1.03    1.01    0.9736     0.7264     1.3266     0.0264

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

  Mean VIF      1.04              Condition Number    1.3266

                 Determinant of correlation matrix    0.9183
. corr area malpres bwt mage

(obs=465)

             |     area  malpres      bwt     mage

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

        area |   1.0000

     malpres |   0.1445   1.0000

         bwt |  -0.0850  -0.1822   1.0000

        mage |  -0.0534   0.1075   0.0825   1.0000
* 5. Detect the most influential observations

. gen id = _n

. xi:logistic dead area malpres bwt mage i.place

i.place           _Iplace_0-3         (naturally coded; _Iplace_0 omitted)

Logistic regression                               Number of obs   =        465

                                                  LR chi2(7)      =      71.90

                                                  Prob > chi2     =     0.0000

Log likelihood = -152.17517                       Pseudo R2       =     0.1911

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

        dead | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

        area |   .7793796   .2405431    -0.81   0.419     .4256368    1.427115

     malpres |   10.18243   4.377131     5.40   0.000     4.384746    23.64603

         bwt |   .9987419   .0003581    -3.51   0.000     .9980403    .9994439

        mage |   .9666479   .0299295    -1.10   0.273     .9097317    1.027125

   _Iplace_1 |   2.951935   1.103311     2.90   0.004     1.418936    6.141164

   _Iplace_2 |   6.574216   4.475973     2.77   0.006     1.731067    24.96743

   _Iplace_3 |   3.541816   3.895996     1.15   0.250      .410114    30.58774

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

* Predicted probabilities
. predict p

(option pr assumed; Pr(dead))
* Standardized Personian residuals

. predict pr, rstandard

. scatter pr p, mlabel(id) ylab(-4(2) 16) yline(0)

. scatter pr id, mlab(id) ylab(-4(2) 16) yline(0)

* Deviance residuals
. predict dr, deviance

. scatter dr p, mlab(id) yline(0)
. scatter dr id, mlab(id)
* Leverage
. predict hat, hat

. scatter hat p, mlab(id)  yline(0)
. scatter hat id, mlab(id)

* Change in chi-square when observation deleted
* dx2 stands for the difference of chi-squares*

. predict dx2, dx2

. scatter dx2 id, mlab(id)
* Change in difference of deviances when observation deleted
* dd stands for the difference of deviances*
. predict dd, dd

. scatter dd id, mlab(id)

* Pregibon's dbeta (Summary information of influence on parameter estimates of each individual observation)
. predict dbeta, dbeta

. scatter dbeta id, mlab(id)

* How large does each of the above so that they can be considered influential? 
* 1. Judgment based on our theory and our analysis
* 2. Rule-of-thumb cutoffs (Only when the sample size is large)

***leverage (hat value) >2 or 3 times of the average of leverage 

***Pearson Residuals > 2 

***Deviance Residuals > 2 

PART 3: Other useful Stata commands for analysis of categorical outcome
clogit -> fits conditional logistic regression for matched case-control
exlogistic -> fits an exact logistic regression model for small samples
ologit -> fits ordered logit models for ordinal outcome

mlogit -> fits multinomial logit models for polytomous outcome

lsens -> graphs sensitivity and specificity versus probability cutoff. 
lstat -> displays summary statistics, including the classification table, sensitivity, and specificity. 
lroc -> graphs and calculates the area under the ROC curve based on the model. 
binreg -> fits generalized linear models for the binomial family.  It estimates odds ratios, risk ratios, health ratios, and risk differences.
======================= END =======================
