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Living area characteristics 
Microenvironment ID 

8 6 39 17 52 

Average area income, $ annually 75 000 55 250 42 940 24 360 18 420 

Housing wealth 
(% of families who own a house) 

 

80.40 

 

57.00 

 

81.20 

 

30.70 

 

3.20 

Share of college graduates , % 27.90 21.00 15.90 7.40 1.10 

African-American + Hispanic residents,% 2.60 8.80 15.30 29.60 98.80 

Median age 38.0 40.0 34.6 32.1 29.1 

Table 2.1. Descriptive summary for five microenvironments. Each microenvironment 
determines a unique combination of economic and demographic conditions in the living 
area of a borrower. 
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Table 2.2. Summary and descriptive statistics of the credit history data.   

Variable Measure Mean Std.dev Min Max 

Personal information   

Labour  income1 Continuous, thd of $ 34.2 17.7 1.3 100.0 

Additional income1 Continuous, thd of $ 4.1 9.1 0 10.0 

Age Number 33.4 10.2 18 88 

Number of dependents in the  family Numerical 1.02 1.2 0 9 

Duration in months at current  address Numerical, in mths 55.31 63.08 0 576 

Duration in months at previous address Numerical, in mths 81.3 80.5 0 600 

House owner / renter Indicator 0.45 0.49 0 1 

Average revolving balance  Continuous, thd of $ 5.2 7.5 0 19 
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Occupation: 

Military 

Retail trade 

High-skilled professionals 

Management 

Clerical staff 

Proprietors 

Construction, transportation and others 

 

Indicator 

Indicator 

Indicator 

Indicator 

Indicator 

Indicator 

Indicator 

 

0.022 

0.078 

0.115 

0.074 

0.088 

0.057 

0.620 

 

0.14 

0.26 

0.31 

0.26 

0.28 

0.23 

0.48 

 

0 

0 

0 

0 

0 

0 

0 

 

1 

1 

1 

1 

1 

1 

1 

Credit Bureau report   

 

Derogatory information: 

Major reports 

Minor reports 

 

Numerical 

Numerical 

 

0.460 

0.290 

 

1.40 

0.76 

 

0 

0 

 

22 

11 

Previously had a loan with a lender Indicator 0.073 0.26 0 1 

Dollar amount of average revolving 

balance 

 

Numerical 

 

52.81 

 

75.90 

 

0 

 

190 

 

Miscellaneous data: 

Department credit card 

Gasoline credit card 

Indicator 

 Indicator 

 

0.150 

0.028 

 

0.34 

0.16 

 

0 

0 

 

1 

1 

Number of credit enquiries 

(applications for a loan) 

 

Numerical 

 

1.400 

 

2.20 

 

0 

 

56 

Number of trade lines 30 days past due Numerical 0.055 0.26 0 3.0 

Number of 30 day-delinquencies in last 

12 months 

 

Numerical 

 

0.365 

 

1.24 

 

0 

 

21 

Banking accounts: 

Checking account 

Savings account 

Checking and savings 

 

Indicator 

Indicator 

Indicator 

 

0.297 

0.034 

0.661 

 

0.45 

0.18 

0.47 

 

0 

0 

0 

 

1 

1 

1 

Number of current trade accounts Numerical 6.42 6.10 0 50 

Number of open trade accounts Numerical 6.050 5.20 0 43 

Number of active trade accounts Numerical 2.280 2.60 0 27 

Average revolving credit balance Continuous, thsd $ 5.28 7.5 0 190 

Living area descriptive data    

Real estate wealth  

(share of families which own a house) 
Percentage 53.9 28.2 0 100 

Per capita  area income1 Continuous, thds $ 28.34 10.4 0 75.1 

Demographic characteristics: 

African-American residents  

Spanish residents  

 

Percentage 

Percentage 

 

11.7 

7.7 

 

20.5 

13.1 

 

0 

0 

 

100 

96 

Employment in the living area Percentage 40.99 108.0 0 65.2 

College graduates  Percentage 10.7 8.5 0 54.9 

Average  age of residents Continuous 33.2 5.4 0 65 

Index of buying power in market ( 5 digit 

zip code) 

 

Index 

 

0.014 

 

0.009 

 

0 

 

0.113 

Population growth rate (annual) Percentage 22.4 18.7 -6.1 70.68 

Infrastructure of shopping facilities:      

Apparel Percentage 2.43 2.43 0 33.3 
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Autohouses  Percentage 1.49 1.32 0 33.3 

Gas Percentage 1.76 1.79 0 99 

Dining places Percentage 6.58 3.95 0 99.1 

Drug stores Percentage 1.30 1.77 0 15.2 

Build material outlets Percentage 1.12 1.23 0 33.3 

Furniture Percentage 1.86 2.51 0 99 
�
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 Full sample Training sample Testing sample 

Default 996 571 425 

Non-default 9503 5748 3755 

Observations 10499 6319 4180 

Table 2.3.  Description of the training and testing subsets.  
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Variable Coefficient Std.error z P>|z| 

Total Income -0.043 0.003 -14.06 <0.001 
Number of dependents 0.088 0.023 3.54 <0.001 
Trade accounts -0.049 0.005 -7.90 <0.001 
Bank  accounts (ch/ savings)  -0.346 0.061 -5.57 <0.001 
Enquiries 0.392 0.012 30.80 <0.001 
Professional -0.369 0.106 -3.42 <0.001 
Derogatory Reports 0.625 0.023 27.19 <0.001 
Revolving credit balance 0.013 0.003 3.38 <0.001 
Previous credit  -0.091 0.030 3.03 0.005 
Past due 0.306 0.055 5.54 <0.001 
Own -0.053 0.066 -0.80 0.420 
Constant -1.380 0.104 -13.20 <0.001 

 

Table 2.4. Estimation results for the logistic regression credit scorecard.  
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Variable E9[E� Std.err. �\  
Total Income -0.0033 0.0002 30.11 

Number of dependents 0.0068 0.0010 1.02 

Trade accounts -0.0038 0.0004 7.17 

Bank  accounts (ch/ savings)* -0.0860 0.0050  

Enquiries 0.0301 0.0010 1.42 

Professional* -0.0910 0.0060  

Derogatory Reports 0.0481 0.0020 0.46 

Revolving credit balance 0.0009 0.0002 5.28 

Previous credit * -0.0220 0.0060  

Past due 0.0240 0.0040 0.15 

Own* -0.0140 0.0050  

Table 2.5. Marginal-effects for variables in the logistic regression 
scorecard evaluated at the mean value,  �\ . The mean values of independent 

variables are given in the forth column.  
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Postestimation statistics                   p-value  

Likelihood ratio chi-square test 1730.6 <0.001 

Hosmer-Lemeshow goodness-of-fit test 40.50 <0.001 

Pseudo S� (full model)            0.2775  

Pseudo S� (reduced model)            0.0234  

AIC 4583.13  

BIC 4667.07  

Table 2.6. Postestimation diagnostics for the logistic regression scorecard. 
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 True (�� 
 ]^(_)  True (�� 
 ]^_)  

Classified D ND Total D ND Total 

D 180 664 844 78 125 203 

ND 245 3091 3336 347 3630 3977 

Total 425 3755 4180 425 3755 4180 

Correctly classified, % 78.25  88.70 

False D rate for true ND (FPR), % 17.68  3.34 

False ND rate for true D (FNR), % 57.60  81.63 

ROC curve metrics: 
 

Area under the ROC (AUC) 0.707 

Standard error (AUC) 0.008 

95% Confidence Interval (AUC) [0.698; 0.716] 

Table 2.7. The classification table for the logistic credit scorecard given the cut-off 
points for probability of default: �� 
 ]^(_� �� 
 ]^_. Summary results for the ROC curve 

analysis, area under the ROC curve. 
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Figure 2.1. ROC curve and pointwise confidence 
bounds for the logistic regression scorecard.  
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Figure 2.2. Fitted model regression lines for ten 
randomly chosen microenvironments. The abscissa axis 

gives the linear part of prediction excluding the 
microenvironment-specific intercept.  The x’b+u is the 

linear part of the prediction including the area-specific 
intercept.  
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Variable Coefficient Std.err. z P>|z| 

Total Income -0.044 0.004 -9.88 <0.001 

Number of dependents 0.113 0.033 3.45 <0.001 

Trade accounts -0.039 0.008 -5.01 <0.001 

Bank  accounts (ch/ savings) -0.427 0.082 -5.19 <0.001 

Enquiries 0.376 0.017 22.48 <0.001 

Professional -0.327 0.093 -3.50 <0.001 

Derogatory Reports 0.622 0.030 20.65 <0.001 

Revolving credit balance 0.015 0.004 3.46 <0.001 

Previous credit -0.059 0.019 3.16 <0.001 

Past due 0.239 0.074 3.22 <0.001 

Own -0.321 0.109 -2.94 0.003 

Constant -1.270 0.211 -6.01 <0.001 

Random-effects 
Estimate 

(Std.err.) 

95% Confidence 

interval 

 

Standard deviation of intercept, ��3� 

Random-intercept 95% CI, �}�~��� 

0.61(0.09)

 

[0.43; 0.81] 

[-2.50;-0.07] 
�

�
Table 2.8. Estimation results for the two-level credit scoring model with microenviron-

ment-specific intercepts. The estimated standard deviation and its 95% confidence interval, 
95% confidence interval for the random-intercept. 
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Figure 2.3. ROC curve for the two-level credit 
scoring model with microenvironment-specific 
intercept. The optimal cut-off point is �� 
 ]^(�f�. 
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 True   

Classified ��� 
 ]^(�f�� D ND Total 

Default 293 1002 1295 

Non-default 132 2753 2885 

Total 425 3755 4180 

Correctly classified, % 72.87 

Sensitivity, % 69.00 

Specificity, % 73.31 

ROC curve metrics:  

Area under the ROC (AUC)                                0.801 

Standard error (DeLong)  0.005 

95% confidence interval [0.794;0.808] 

Gini coefficient  0.602 

Accuracy ratio  0.663 

Table 2.9. Summary metrics for the ROC curve of the microenvironment-
specific intercept model and the classification table for the optimal cut-off point: �� 
 ]^(�fk.  
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Variable Coefficient Std.err. z P>|z| 

Total Income -0.041 0.004 -9.34 <0.001 

Number of dependents 0.114 0.033 3.47 <0.001 

Trade accounts -0.038 0.008 -5.02 <0.001 

Bank  accounts (ch/ savings) -0.426 0.082 -5.19 <0.001 

Enquiries 0.373 0.017 22.40 <0.001 

Professional -0.332 0.096 -3.47 <0.001 

Derogatory Reports 0.615 0.030 20.51 <0.001 

Revolving credit balance 0.015 0.004 3.45 <0.001 

Previous credit -0.060 0.018 3.16 0.004 

Past due 0.221 0.068 3.25 <0.001 

Own -0.285 0.100 -2.85 0.004 

Constant -0.860 0.210 -4.09 <0.001 

Microenvironment-level variables, ��}�~��    

 

Living area per capita income 

 

-0.017 

 

0.008 

 

-2.12 

 

0.033 

Share of African-American residents 0.012 0.003 4.00 <0.001 

Share of college graduates -0.034 0.014 -2.42 0.015 

Infrastructure of shopping facilities 0.037 0.029 1.27 0.204 

Random-effects Estimate (Std.err.) 95% Confidence interval 

Standard deviation of intercept, �3�  0.38(0.08) [0.24; 0.59] 

Table 2.10. Estimation results for the two-level random-intercept model with microenviron-
ment-level explanatory variables.  The random-intercept variance is given in the last row in 
the table.  
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Figure 2.4. ROC curve for the two-level credit 

scoring model with an area-specific intercept and 

group-level variables. The optimal cut-off point is 

indicated by the red triangle (�( 
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 True   

Classified ��( 
 ]^eek�� D ND Total 

Default 235 308 543 

Non-default 190 3447 3637 

Total 684 3755 4180 

Correctly classified, % 87.16 

Sensitivity, % 55.22 

Specificity, % 91.81 

ROC curve metrics:   

Area under the ROC (AUC)  0.818 

Standard error  0.005 

95% confidence interval [0.811; 0.825] 

Gini coefficient  0.636 

Accuracy ratio  0.701 

Table 2.11.  Summary for the ROC curve analysis and the classification table for 
the optimal cut-off point, �� 
 ]^eek�� for the microenvironment-intercept 

scorecard with the group-level variables. 
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Variable Coefficient Std.err. z P>|z| 

Total Income -0.037 0.003 -12.43 <0.001 

Number of dependents 0.131 0.023 5.60 <0.001 

Trade accounts -0.037 0.007 -4.96 <0.001 

Bank  accounts (ch/ savings) -0.384 0.059 -6.56 <0.001 

Enquiries 0.380 0.021 17.95 <0.001 

Professional -0.312 0.100 -3.11 0.002 

Derogatory Reports 0.605 0.038 15.81 <0.001 

Revolving credit balance 0.011 0.004 2.91 0.003 

Previous credit -0.061 0.018 -3.40 <0.001 

Past due 0.243 0.053 4.58 <0.001 

Own -0.215 0.081 -2.65 0.008 

Constant -1.380 0.100 -13.76 <0.001 

Microenvironment-level model, �}�~��    

 

Living area per capita income 

 

-0.075 

 

0.038 

 

-1.97 

 

0.048 

Share of African-American residents 0.008 0.002 3.80 <0.001 

Share of college graduates -0.025 0.011 -2.24 0.025 

Infrastructure of shopping facilities 0.009 0.008 1.18 0.238 

Random-coefficients 
Estimate  

(Std.err.) 

95% Confidence 

interval 

3	����
���	�
��
���?�~��1�N
��&��
��	�


�.����
�'� 0.122(0.019)                   [0.089; 0.167] 

3	����
���	�
��
���?�~��D
/0
�&=��	���
'� 0.169(0.074)                   [0.071; 0.401] 

3	����
���	�
��
���}�~��� 0.283(0.079)                   [0.129; 0.448] 

&������	���
O��V����O��x7I ��       0.79 
�

Table 2.12. Estimation results for the two-level microenvironment-specific coefficients 

credit scoring model: coefficients of the individual and group-level variables, standard 

deviations with their 95% confidence intervals and the correlation coefficient. 
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Figure 2.5. ROC curve for the two-level credit scoring 

model with the area-specific coefficients and microenvi-

ronment-level variables. The optimal threshold (proba-

bility of default) is  �� 
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 True    

Classified ��� 
 ]^(�]k� D ND Total 

Default 279 680 959 

Non-default 146 3075 3221 

Total 425 3755 4180 
Correctly classified, % 80.24 
Sensitivity, % 65.60 
Specificity,% 81.90 

ROC curve metrics:   

Area under the ROC (AUC)  0.824 

Standard error (DeLong)  0.005 
95% confidence interval [0.817; 0.830] 
Gini coefficient  0.648 
Accuracy ratio  0.714 

Table 2.13. Summary of the ROC curve analysis and the classification table for the 

optimal cut-off point:  �� 
 ]^(�]k��for the two-level credit scoring model with the area-

specific coefficients and microenvironment-level variables. 
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Variable Coefficient Std.err. z P>|z| 

Total Income -0.031 0.003 -9.92 <0.001 

Number of dependents 0.133 0.024 5.64 <0.001 

Trade accounts -0.031 0.006 -5.16 <0.001 

Bank  accounts (ch/ savings) -0.368 0.059 -6.28 <0.001 

Enquiries 0.366 0.021 17.76 <0.001 

Professional -0.259 0.100 -2.60 0.009 

Derogatory Reports 0.607 0.038 15.85 <0.001 

Revolving credit balance 0.005 0.002 2.34 0.019 

Previous credit -0.170 0.069 -2.48 0.013 

Past due 0.233 0.050 4.66 <0.001 

Own -0.260 0.112 -2.33 0.019 

Constant -1.890 0.286 -6.60 <0.001 

Microenvironment-level model  }�~��    

 

Living area per capita income 

 

-0.063 

 

0.034 

 

-1.86 

 

0.062 

Share of African-American residents 0.011 0.001 5.92 <0.001 

Share of college graduates -0.094 0.043 -2.15 0.031 

Infrastructure of shopping facilities 0.012 0.005 2.12 0.034 

 

Interactions 
 

    

Q
/063V� � nnUVI�6V� I�~��   0.015 0.019   

KO�E1�� � 	0&�1/�  0.310 0.076   

nE�1//� � YZ�1�/¤�D¥UV7��~�� -0.089 0.041   

Random-coefficients 
Estimate  

(Std.err.) 

95% Confidence  

interval 

Std .deviation of  ?�~��V��
     (Credit enquiries) 0.052(0.016) [0.028; 0.100] 

Std .deviation of  ?�m¨       (Derogatory rep.) 0.175(0.085)          [0.068; 0.453] 

Std .deviation of   ?�~��§7��    (Banking) 0.048(0.020)          [0.005; 0.164] 

Std .deviation of   ?�~��©¦�     (Own/rent) 0.664(0.097)          [0.501; 0.884] 

Std .deviation of  ¶�~��    0.127(0.057)          [0.024; 0.269] 
 

 

Table 2.14. Estimation results for the flexible credit scoring model with multiple random-

coefficients, microenvironment-level variables and interacted variables. The estimated 

standard deviations of the random-effects are reported together with their 95% confidence 

intervals.   
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Figure 2.6.� ROC curve for the flexible credit scoring 

model with area-specific coefficients, group-level variab-
les and interacted variables. The optimal cut-off point is �� 
 ]^(��k (threshold for the probability of default). 
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 True  

Classified ��� 
 ]^(��k� D ND Total 

Default 273 623 896 

Non-default 152 3132 3284 

Total 425 3755 4180 

Correctly classified, % 81.46 

Sensitivity, % 64.12 

Specificity, % 83.42 

ROC curve metrics:   

Area under the ROC (AUC)  0.825 

Standard error (DeLong)  0.005 

95% confidence interval [0.818; 0.831] 

Gini coefficient  0.650 

Accuracy ratio  0.715 

Table 2.15. Summary of the ROC analysis results, Gini coefficient, accuracy ratio 

and the classification table for the optimal cut-off point:  �� 
 ]^(��k.  
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Table 2.16.  Renamed credit scoring models. 
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�������������Section 3.3 evaluates economic 

significance of the two-level structure and provides a discussion on the role of random-

effects in a credit scoring model. In addition, I analyse the impact of the 

microenvironment-level characteristics on the riskiness of borrowers. It is explored that 

the quality of borrowers varies between living areas with dissimilar economic and socio-

demographic conditions. Poor living areas contain a higher share of borrowers with a 

derogatory credit history and problematic debt than richer regions. Living area 

conditions matter for more accurate credit risk assessment.  
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Figure 3.1. The comparison of the ROC curves for the 
different credit scoring models presented in chapter 2.  
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curve 

�� � 	 

� �&'() 
 � �"#$!%� 
Standard 

error 

95% confidence 

interval 

z-

statistics 

p-

value 

���� 0.094 0.00566 [0.084;0.105] 16.65 <0.001 

���� 0.111 0.00623 [0.099;0.123] 17.81 <0.001 

���� 0.117 0.00615 [0.105;0.128] 18.98 <0.001 

���� 0.118 0.00623 [0.107;0.130] 19.02 <0.001 

* Logistic regression scorecard:  area under the ROCLogit  curve is  AUCLogit=0.707  
 

Table 3.1. A pairwise comparison of the differences between the  areas under the ���!  and 
the ROCLogit. The standard errors of �� � are calculated according to Delong (1988).  
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Figure 3.2. Partial area under the ROC curve 

between FPR(c2) and FPR(c1). 
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Scorecard 1 Scorecard 2 Scorecard 3 Scorecard 4 Scorecard 5 

���� ���� ���� ���� ���� ���� ���� ���� ���� ����

0.10 61.14 68.45 78.88 61.74 71.25 73.30 72.91 73.18 73.22 73.07 

0.12 53.61 75.44 73.69 68.31 67.99 77.99 68.88 77.56 69.32 77.60 

0.14 45.68 81.18 68.21 74.34 64.62 82.27 65.62 81.63 65.12 81.79 

0.16 39.26 85.04 63.02 79.24 60.97 85.32 61.86 84.67 62.41 84.82 

0.18 33.53 88.29 59.26 82.32 58.82 87.71 59.65 87.16 59.54 87.13 

0.20 29.12 90.36 55.17 85.76 56.99 89.59 57.27 89.14 56.99 89.26 

0.22 24.70 92.10 51.85 87.55 55.50 91.28 55.89 90.84 55.78 90.97 

0.24 21.18 93.16 48.42 89.15 54.06 92.66 54.51 92.20 54.12 92.14 

0.26 18.37 94.22 46.10 90.72 53.01 93.61 52.85 93.44 52.85 93.40 

0.28 16.16 95.02 44.06 91.83 51.80 94.40 51.85 94.34 51.69 94.43 

0.30 14.56 95.83 42.34 92.70 50.75 95.20 50.97 95.18 50.58 95.02 
 

Table 3.2. Sensitivity/specificity pairs corresponding to the cut-off points for probability of 
default within the interval  �VWMX VWY�.  

�



���������	
�����		
��	��������������������
����	��������!�

�

#�����������#=� �	��� 	�� ���� ������
��� �,G!�,� ���
�
��������� ��
���	���4��

�
������� ������ ���� ������
��� � G!�4� ���� �
������� ��������
�� ��
���	��� ���������


��
���
����
�������
������
�����	����
����������	��������->�14?�
������������
��

���	���������#���#=2�
�
���������������
���	���� �>�	���
���������������	�������

#��� 
	���	�� 	��	�� ������ ���� 23)� ������ 	��� 
��������� ��� #	���� 4�4�� � ��

�	����	���	�����

���
	���	��	��	���
��������
�����
���
������23)��
	��:���������

����
���

����9� 	 VWM�	���9� 	 VWY�	�����������9� 	 VWM�	���9� 	 VW���%�����
�	����
�
�����
%5)��	�����������	����
�
�����������	������	������������
������
��

����
	���	��	��	��	����������	������	����
������
	���	��%5)��
Z-.(

Z-.([\]"���

�

Cut-off points (interval)                 [0.1; 0.3] [0.1; 0.2] 

    
E� � E� �NOP E� �N!Q E� �

E� �NOP E� � E� �NOP E� �N!Q E� �
E� �NOP  

Scorecard 1 0.1036 0.2738 0.0489 0.394 0.0988 0.2191 0.0451 0.451 

Scorecard 2 0.1876 0.3096 0.0705 0.631 0.1609 0.2402 0.0630 0.670 

Scorecard 3 0.1335 0.2190 0.0344 0.635 0.1044 0.1629 0.0302 0.641 

Scorecard 4 0.1362 0.2200 0.0348 0.645 0.1038 0.1596 0.0300 0.651 

Scorecard 5 0.1358 0.2195 0.0350 0.645 0.1054 0.1619 0.0304 0.651 

                    

Differences between the relative partial AUC values     

Scorecard 1  2       0.237       0.219 

Scorecard 1  3       0.241       0.190 

Scorecard 1  4       0.251       0.200 

Scorecard 1  5       0.251       0.200 
 

Table 3.3. Partial areas under the portion of the ROC curve between the cut-off points c1=0.1 
and c2= 0.3 and between c1=0.1 and c2= 0.2. The differences in the relative partial AUC values 

for the logit scorecard and the multilevel scoring models. 
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Table 3.4. Misclassification costs produced by a credit scoring 

model given three different cut-off points for the accept/reject 
decision. 
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Postestimation diagnostics AIC BIC 

   

Scorecard 1 2991.3 3090.2 

Scorecard 2 2957.1 3062.6 

Scorecard 3 2927.1 3045.7 

Scorecard 4 2909.2 3041.0 

Scorecard 5 2884.5 3029.4 

 

 

Table 3.5. Postestimation diagnostic statistics: Akaike information criterion 
(AIC) and Bayesian information criterion (BIC).   
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Predictive accuracy 
scores: 

Brier score 
Logarithmic  

score 
Spherical 

score 

Scorecard 1 0.08090 -0.301 0.910 

Scorecard 2 0.06736 -0.235 0.926 

Scorecard 3 0.06252 -0.208 0.932 

Scorecard 4 0.05663 -0.187 0.938 

Scorecard 5 0.05652 -0.186 0.939 

 
Table 3.6. Score measures of predictive accuracy for the logistic regression 

and the multilevel credit scoring models: the Brier scores, logarithmic scores 
and spherical scores.  
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Classification performance 

xy 	 zW z{| x} 	 zW y} 

Probit 
 scorecard 

Multilevel 
scorecard 

 Probit 
scorecard 

Multilevel 
scorecard 

Correctly classified, % 57.21 63.28 
 

67.92 69.27 

False D rate for true ND (FPR), % 45.02 39.08  31.98 31.36 

False ND rate for true D (FNR), % 21.49 20.51  33.03 26.37 

Specificity, %  54.98 60.92  68.02 68.64 

Sensitivity, % 78.51 79.49  66.97 73.63 

�

Table 3.7.  Predictive accuracy rates for the multilevel scorecard and the probit scoring model 
given two cut-off points, 9���and 9�. D-defaulters, ND-non-defaulters. FPR - false positive rate, 

FNR – false negative rate. 

 

The results confirm that the multilevel credit scoring model outperforms the 

bivariate probit scorecard in both cases: given thresholds  9� and 9�.  Given 9� 	 VWVvw 

multilevel scorecard correctly predicts 63.28% of the outcomes while the probit 

scorecard does only 57.21%. False negative rates are higher for the probit scoring 

model. Sensitivity and specificity rates are higher for the multilevel scorecard.  

Next, I compare classification performance of the scorecards by applying a ROC 

curve analysis. Figure 3.3 shows the ROC curve and its 95% confidence interval for the 

bivariate probit scorecard. In the table below the graph I report the AUC, the Gini 

coefficient and the accuracy ratio. In addition, Table 3.8 compares the AUC values 

between the scoring models.  I follow �	�����	���<�=�����,-1'"�	����	����	�������0�
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Figure 3.3. ROC curve for the bivariate probit credit 
scoring model. 
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Table 3.8. Summary of the ROC curve metrics, the Gini coefficient, the accuracy 

ratio and the difference in the AUC values. 
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Accuracy scores:   
Brier 
score 

Spherical 
score 

Logarithmic 
score 

      
   

Probit Scorecard   0.0764 0.913 -0.269 

Multilevel scorecard 0.0674 0.926 -0.235 

            
�

Table 3.9. Accuracy scores: comparison between the probit credit  scoring 

model and the multilevel scorecard.  
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Figure 3.4. Second-level residuals of ,��l6A6_b! . Population 

average effect of enquiries is illustrated by the straight dotted line.�
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Figure 3.5. Predicted microenvironment-specific 

effects for five lowest and five highest income areas.  
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Figure 3.6. A pairwise residuals comparison plot. Microenvironment-
level residuals of the explanatory variable ,��l6A6_b!  (number of credit 
enquiries) are plotted against second-level residuals of the variable 
8kbD���)

 (number of credit delinquencies in the last 12 months ). The 

highlighted in red residuals is for the lowest income area.  
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a). Average predicted probability of default for low

microenvironments with different composition 
demographic characteristics:  with low/high share 

graduates in the market, low/high share of famili
real estate property and low/high share of African

residents. 
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b). Average predicted probability of default for hig

microenvironments with different composition 
demographic characteristics:  with low/high share o

graduates in the market, low/high share of families w
estate property and low/high share of  African

residents. 
 
Figure 3.7. Average predicted probabilities for micr

ments with different economic and socio-demograph
tions.  
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Occupation Infrastructure Microenvironment 

 

Professional activity:  
Management  

Military service  

Sales  

Construction  

High-skilled 

professionals 

Self-employed 

Others 
 

Working experience: 
Less than 2 years 

3-5 years 

6-10 years 

More than 10 
 

Age : 
18-24 

25-30 

31-44 

45-60 

61-more 

 

Share in total sales:  

Retail stores  

Autohouses  

Gasoline companies  

Dinning & Catering  

Medical & Drug stores 

Build materials 

Furniture stores 

Apparel stores  

 

 

Economic conditions:  

Area Income  

Housing wealth 

Buying power index 

 

Demographic 
conditions:  
African-American 

(Hispanic) residents  

Mean age 

Growth index 

College graduates 

 

 

Table 4.1. Determinants of clustering within second-level classifications: occupations, 
microenvironments and infrastructures. Each cluster represents an interaction of the   
characteristics. 
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Table 4.2. Description of the explanatory variables used in the cross-classified credit 
scoring models.  
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Variable Estimate S.E. 
z-

statistics 

p-

value 

Income -0.031 0.006 -5.16 <0.001 

Enquiries 0.231 0.030 7.70 <0.001 

Bank -0.359 0.132 -2.71 0.007 

Age -0.015 0.012 -1.25 0.211 

Trade -0.206 0.035 -5.88 <0.001 

Past due trade lines 1.038 0.234 4.43 <0.001 

Delinquencies in the last 12 

months 0.100 0.062 1.61 0.107 

Credit experience with a lender -0.811 0.366 -2.21 0.027 

Major derogatory reports 0.400 0.148 2.70 0.006 

Minor derogatory reports 0.175 0.101 1.73 0.085 

Dependents 0.193 0.055 3.55 <0.001 

Professional -0.780 0.269 -2.88 0.005 

Military 0.109 0.349 0.31 0.775 

Own/rent -0.061 0.155 -0.52 0.603 

Revolving credits -0.017 0.012 3.29 <0.001 

Constant -1.937 0.354 5.47 <0.001 

Second-level model Estimate S.E. 
95% confidence 

interval 

Microenvironment     

Standard deviation  0.830 0.197 [0.475; 1.204] 

Intercept, 80% credible interval - - [-1.062; 1.062] 

Occupation    

Standard deviation 0.630 0.180 [0.304; 0.984] 

Intercept, 80% credible interval - - [-0.806; 0.806] 

Infrastructure    

Standard deviation 0.650 0.176 [0.332;       0.995] 

Intercept, 80% credible interval - - [-0.832; 0.832] 
 

Table 4.3. Estimation results for the cross-classified credit scoring model with 

random-effects of microenvironments, occupations and infrastructures. The 
standard deviations of the second-level residuals are reported with their 95% 

confidence intervals. 
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Figure 4.1. ROC curve for the cross-classified score-
card I. 
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ROC curve metrics   

Area under the ROC curve (�Y /*MIIZ)  0.879 

Standard error of AUC (bootstrap normal method)  0.009 

95% confidence interval  [0.861; 0.897] 

Gini coefficient  0.758 

Accuracy ratio  0.866 

Difference in AUC:   

[�Y 1 �Y /*MII\ ] �Y ^  0.054 

z-statistics of [�Y   5.809 

p-value of [�Y   <0.001 
 

Table 4.4. The ROC curve metrics and the comparison of the AUC values between the 
cross-classified scorecard I and scorecard 5. 
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Figure 4.2. Classification performance criteria: sensitivity, specificity, correct 
classification rate and Cohen’s kappa curve. 
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Cohen's kappa �:G""G 1 2Rfg Cut-off point �? 1 2Rh 

 
Classified   Classified 

 
True ND D Total ND D Total 

Non-default 3365 59 3424 3422 2 3424 

Default 197 158 355 250 105 355 

Total 3562 217 3779 3672 107 3779 

Sensitivity, % 44.5 
  

29.6 

Specificity, % 98.3 
  

99.9 

Correct classification rate, % 93.2 
  

93.3 

Cohen's kappa 0.518     0.429 
 

Table 4.5. Classification table for the �:G""G   and for the threshold   �?.  
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Optimal cut-off point c*=0.1525 Fair cut-off point: �PG0* 1 2R52h 

Classified   Classified 

True ND D Total ND D Total 

Non-default 3080 344 3424 2737 687 3424 

Default 119 236 355 71 284 355 

Total 3199 580 3779 2808 971 3779 

Sensitivity,% 66.5 80.0 

Specificity,% 90.0 79.9 

Correct classification rate,% 87.8 80.0 

Cohen's kappa 0.4395     0.3372 
 

Table 4.6. Classification table for the optimal and fair cut-off points. The perfor-
mance criteria given the c*=0.1525 and �PG0* 1 2R52hR 
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Variable Estimate S.E. 
z-sta-

tistics 
p-value 

Income -0.031 0.007 -4.429 <0.001 

Enquiries 0.235 0.037 6.351 <0.001 

Bank -0.401 0.159 -2.522 0.011 

Age -0.021 0.010 -2.100 0.035 

Trade -0.206 0.038 -5.421 <0.001 

Past due trade lines 1.455 0.278 5.234 <0.001 

Delinquencies in the last 12 months 0.057 0.080 0.713 0.475 

Credit experience with a lender -0.922 0.430 -2.144 0.032 

Major derogatory reports 0.406 0.147 2.762 0.005 

Minor derogatory reports 0.189 0.102 1.853 0.063 

Dependents 0.231 0.066 3.500 <0.001 

Professional -0.769 0.260 -2.958 0.003 

Military 0.121 0.305 0.397 0.691 

Own/rent -0.109 0.154 -0.708 0.478 

Revolving credits 0.024 0.007 3.429 0.145 

Constant -2.920 1.031 -2.832 0.004 

Microenvironment-specific intercept 

model 
Estimate S.E 

95% confidence 

interval 

����0+/ML�l3 -0.107 0.034 -0.056 -0.172 

()�*�+,89  -0.106 0.024 -0.063 -0.150 

�&�
��� ] ����
���9 0.129 0.035 0.065 0.205 

SD microenvironment (intercept) 0.541 0.179 0.222 0.881 

Occupation-specific intercept model Estimate S.E 
95% confidence 

interval 

 ������; -0.137 0.048 -0.236 -0.041 

#���GH�;  0.108 0.036 0.053 0.189 

�7%;  -0.256 0.104 -0.460 -0.071 

SD occupation (intercept) 0.347 0.172 0.037 0.673 

Infrastructure-specific intercept 

model 
Estimate S.E. 

95% confidence 

interval 

�����: -1.082 0.209 -1.290 -0.511 


	����4:O 0.305 0.033 0.250 0.378 

���
��	��:  0.398 0.112 0.345 0.392 

SD infrastructure (intercept) 0.440 0.185 0.110 0.791 

 

Table 4.7. Estimation results for the cross-classified credit scoring model II. 

Estimated standard deviations of random-effects are reported together with 

their 95% confidence intervals.  
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Figure 4.3. ROC curve for the cross-classified 
scorecard with classification-level variables. 

�

�

Statistics   

Area under the ROC (�Y /*MIIZ)  0.894 

Standard error of AUC (bootstrap normal method)  0.009 

95% confidence interval  [0.876; 0.911] 

Gini coefficient  0.788 

Accuracy ratio  0.900 

Comparison of the areas under ROC curve   

1).    

[�Y 1 �Y /*MIIp ] �Y ^  0.069 

z-statistics of [�Y   7.560 

p-value of [�Y   <0.001 

2).  

[�Y 1 �Y /*MII\\ ] �Y /*MII\   0.015 

z-statistics of [�Y   1.601 

p-value of [�Y   0.101 
 

Table 4.8. ROC curve metrics and comparison of the AUC values between the cross-
classified scorecard II and scorecard 5 from chapter 2. 
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Figure 4.4. Classification performance criteria for the cross-classified 

scorecard II: sensitivity, specificity, correct classification rate and Cohen’s 

kappa coefficient.  
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Cohen's kappa ckappa=0.265 Cut-off point c=0.5 

 
Classified 

 
Classified 

 
True ND D Total ND D Total 

Non-default 3342 82 3424 3422 2 3424 

Default 184 171 355 238 117 355 

Total 3526 253 3779 3660 119 3779 

Sensitivity,% 48.2     33.0 

Specificity, % 97.6     99.9 

Correct classification rate,% 93.0     93.6 

Cohen's kappa 0.5233     0.4664 
 

Table 4.9. Classification tables for the Cohen’s kappa threshold and liberal cut-off 
point for probability of default.  
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Optimal cut-off point c*=0.1630 Fair cut-off point: �PG0* 1 2R52h 

  Classified 
 

Classified 
 

True ND D Total ND D Total 

Non-default 3117 307 3424 2762 662 3424 

Default 117 238 355 64 291 355 

Total 3234 545 3779 2826 953 3779 

Sensitivity,% 67.0     82.0 

Specificity,% 91.0     80.7 

Correct classification rate,% 88.8     80.8 

Cohen's kappa 0.4669     0.3557 
 

Table 4.10. Classification tables for the optimal and fair cut-off points.  
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�r �atub %s  DIC 

Logistic scorecard 2080 2064 15.88 2095.9 

Scorecard I 1567 1430 137.1 1704.1 

Scorecard II 1479 1337 141.9 1621.9 
 

Table 4.11. Deviance information criterion, mean deviance and 
effective number of parameters. 
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Accuracy scores:   Logarithmic Spherical Brier 

Logistic scorecard -0.2685 0.9168 0.0771 

Scorecard I -0.1962 0.9415 0.0543 

Scorecard II 
 

-0.1922 0.9429 0.0532 

 

Table 4.12. Accuracy scores: comparison of brier score, logarithmic and 
spherical scores between cross-classified credit scorecards and logistic 
regression scoring model.   
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The basic idea of the Bayesian approach imposes that combining prior 

knowledge and the observed data it is possible to make statistical inference about the 

posterior distribution of unknown parameters given the data. The posterior distribution 

is viewed as the target distribution from which the random-effects are drawn. In the 

case of multilevel credit scoring models the main interest lies in making inferences 

about the population values of random-effects.  

In application to credit scoring posterior distributions of random-effects are cal-

culated by combining historical credit history data on borrowers and some knowledge 

about their prior distributions.  In mathematical terms, the Bayes theorem states that 

the posterior distribution K�L
�
  of scorecard parameters  L � ��� �� ?1� given the ob-

served data � can be written in the form presented in [5.7], where K�L
 is the prior 

distribution and K��
L
 is the likelihood. This implies that the posterior distribution is 

proportional to the likelihood  K��
L
  multiplied by the prior distribution K�L
.  

 

 K�L
�
 � M�9
N
�M�N

M�9
 ��O �K��
L
�K�L
%                                          [5.7] 
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Given the two types of prior the credit scorecards are estimated one by one and 

then I compare the outcome results and random effects predictions.  

 A noninformative prior on a variance parameter ? means that a prior distribu-

tion for it is non-restrictive and allows the data to speak for themselves. There are quite 

a few authors who considered using noninformative prior distributions in their applied 

research including a proper uniform density on ?1 (Gelman (2004, 2006)) or inverse 

Gamma distribution �K�?�
d��!"% ef��f�=%==	�=%==	

 as described by Spiegelhalter et 

al. (1994, 2003). In the thesis I follow Gelman (2003, 2007) and use a uniform prior 

distribution on ?1  which has a finite integral near ?1 � =. The uniform density on ?1� is 
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equivalent K�?@
 O ?1�� giving an inverse-g@ density with -1 degrees of freedom. This 

density can also be interpreted as a limit of the half-t family on ?1  where the scale 

approaches �.   

The main benefit of using uniform prior distributions for ?1 is that it implies that 

the posterior distribution is the same as the likelihood function. Accordingly, the 

standard deviations of the cross-classifications of credit scorecards in chapter 4 are 

specified to have independent uniform prior distributions 

 

?12Z�[D\]4^�D\4Z]4P��d���!����� h=� 	ij�� 
            ?1_\[[1M`P�\4�d���!����� k=� �lm, 

      �?1a�4bD`cPD1[P1D] �d���!����� k=� �lm� 
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a). Trace plots for the first 5000 of itera-

tions for the intercept and standard de-

viation of microenvironment-specific 

effects. Convergence is not reached. 

b). Trace plots for the following 220.000 

iterations for the intercept and standard 

deviation of microenvironment-specific 

effects. Convergence is reached.   

 

Figure 5.1 Diagnostics plots: trace plots. 
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a).  Gelman-Rubin diagnostics for the in-

tercept and standard deviation of ran-

dom- effects. Convergence is not reached.   
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Figure 5.2. Gelman-Rubin diagnostics.  
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Default equation is a latent regression: ��
� � ���� �	
� , where dependent 

variable might be indentified with the ‘propensity to default’ and �� are the 

explanatory variables.  If  ��
�  is sufficiently large relative to the attributes, that is, if the 

individual is in trouble enough, they default. Formaly,   

 

�� � � if ��
� � 
 and 0 otherwise. 

 

The probabilty of default given variables is 

 

�� � �����������. 

 

Assuming that 
�  is normally distributed with mean zero and variance 1, the 

default probahilty is  

 

�� � �������
� � 
	���� � �����
� � �

������� � ���
����� 

 

where ������� is the standard normal cumulative distribution function. The 

classification rule is: 

 

Predict  �� � �  if ������� � �
�� 

 

where �� is a threshold value chosen by the analist.  

The quantity ultimately of interest here is the probabilty of default that would 

apply , if the individual were issued a credit, which is denoted by ������ �

�	�� � �� ��, where C=1 means an application is accepted and C=0 means it is rejected. 

The default probability model that accoubts for the sample selection is 

constructed using bivariate probit regression. The structural equations are  
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Default equation:      �� � �
��� �	
� ,     		�� � � if 	��

� � 
� and 0 otherwise. 

Acceptance equation:       ��
� � ���� �	��,       �� � � if  ��

� � 
�  and 0 otherwise. 

��	and  �� are only observed if �� � � 

��	and  �� are observed for all applicants. 

 

Selectivity:                                    �
����� �	
� 
� �� !"#�$ 

 

The vector of explanatory variables, ��� are the factors used in the approval 

decision. The probabilty of interest is the probability of default given that a loan is 

accepted, which is  

 

������� � ���� � �� �
�%��

���� �
��� � !�

�������
� 

 

where � is the bivariate normal cumulative probabilty. If ! � 
, the selection 

is of no consiquence, and the unconditional model of probabilty is appropriate. 

Estimated acceptance equation joint with probahilty of default is given in 

Table A1.  

Table A1.  Probit model with sample selection              

 

Number of obs      =     13444:  

Censored/Uncensored obs  =  2945/ 10499 

Log likelihood =  -7312.57     

Wald chi2(23)      =    401.73 

Prob > chi2        =    0.0000 

 
Default equation (conditional) 

Coefficien

t Std. Err. z P>z [95% Conf.interval] 

Age -0.0080 0.0033 -2.44 0.0150 -0.0144 -0.0016 

Acadmos 0.0007 0.0004 1.86 0.0640 0.0000 0.0015 

Adepcnt 0.0378 0.0269 1.40 0.1610 -0.0150 0.0906 

Aempmos 0.0007 0.0004 1.76 0.0780 -0.0001 0.0014 

Majordrg -0.1451 0.0522 -2.78 0.0050 -0.2474 -0.0427 

Minordrg 0.1105 0.0360 3.07 0.0020 0.0400 0.1810 

Ownrent -0.0167 0.0544 -0.31 0.7590 -0.1234 0.0900 

Apadmos 0.0005 0.0003 1.95 0.0520 0.0000 0.0010 

Amamind -0.0071 0.0921 -0.08 0.9380 -0.1877 0.1735 

Income -0.0093 0.0025 -3.68 <0.001 -0.0143 -0.0043 

Selfempl7 -0.0766 0.1073 -0.71 0.4760 -0.2869 0.1338 

Tradacct 0.0160 0.0052 3.08 0.0020 0.0058 0.0262 
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Incper 0.0011 0.0028 0.39 0.696 -0.0044 0.0067 

Exp_inc -0.4021 0.2307 -1.74 0.0810 -0.8543 0.0502 

Cptopnb 0.0105 0.0075 1.41 0.1590 -0.0041 0.0251 

Cptopng -0.1062 0.0171 -6.21 <0.0001 -0.1396 -0.0727 

Cpt30c 0.0978 0.0885 1.11 0.2690 -0.0756 0.2712 

Cptf30 0.0392 0.0219 1.79 0.0730 -0.0037 0.0820 

Cptavrv 0.0045 0.0026 1.72 0.0860 -0.0006 0.0097 

Cburden 0.0024 0.0011 2.19 0.0280 0.0003 0.0045 

Constant -1.4116 0.1252 -11.27 <0.0001 -1.6570 -1.1662 

Acceptance equation  

Age -0.0021 0.0030 -0.70 0.4850 -0.0081 0.0038 

Acadmos 0.0018 0.0005 3.76 <0.0001 0.0009 0.0028 

Adepcnt -0.0393 0.0284 -1.38 0.1660 -0.0949 0.0164 

Aempmos -0.0002 0.0004 -0.54 0.5890 -0.0010 0.0006 

Majordrg -0.7427 0.0361 -20.55 <0.0001 -0.8135 -0.6718 

Minordrg -0.0104 0.0376 -0.28 0.7820 -0.0841 0.0633 

Qwnrent 0.0497 0.0566 0.88 0.3790 -0.0612 0.1606 

Apadmos 0.0001 0.0003 0.43 0.6680 -0.0004 0.0006 

Amamind 0.1173 0.1120 1.05 0.2950 -0.1022 0.3369 

Income 0.0103 0.0030 3.38 0.0010 0.0044 0.0163 

Selfempl7 -0.4068 0.0945 -4.30 <0.0001 -0.5920 -0.2215 

Tradacct 0.0994 0.0087 11.45 <0.0001 0.0824 0.1164 

Incper 0.0019 0.0034 0.56 0.5770 -0.0047 0.0086 

Cptopnb -0.0287 0.0095 -3.01 0.0030 -0.0473 -0.0100 

Cptopng 0.0378 0.0185 2.05 0.0400 0.0016 0.0740 

Cpt30c -0.3130 0.0839 -3.73 <0.0001 -0.4775 -0.1485 

Cptf30 -0.0898 0.0188 -4.78 <0.0001 -0.1267 -0.0530 

Cptavrv 0.0059 0.0033 1.79 0.0730 -0.0005 0.0123 

Cburden -0.0015 0.0007 -2.16 0.0310 -0.0028 -0.0001 

Banksav -0.4709 0.0907 -5.19 <0.0001 -0.6486 -0.2931 

Bankboth 0.4658 0.0474 9.8200 <0.0001 0.3728 0.5587 

Credmajr 0.3147 0.0489 6.4400 <0.0001 0.2189 0.4105 

Acbinq -0.1647 0.0109 -15.01 <0.0001 -0.1863 -0.1432 

Constant -1.1215 0.1198 -9.35 <0.0001 -1.3565 -0.8865 

/athrho 

0.591927

1 0.07961 7.43 <0.0001 0.4358 0.7479 

rho 

0.531280

2 0.05713     0.4102 0.6333 

               **Wald test of indep. eqns. (rho = 0): chi2(1) =    55.27   Prob > chi2 = 0.0000 
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