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APPENDIX A 

LINES OF BUSINESS 

The non-life insurance business classifies the risks according to several lines of 
business [wrv, Art.3]: 

1. Accident (including industrial injury and occupational diseases) 
• fixed pecuniary benefits 
• benefits in the nature of indemnity 
• combination of the two 
• injury to passengers 

2. Sickness 

• fixed pecuniary benefits 
• benefits in the nature of indemnity 
• combinations of the two 

3. Land vehicles (other than railway rolling stock) 
All damage to or loss of 

• land motor vehicles 
• land vehicles other than motor vehicles 

4. Railway rolling stock 
All damage to or loss of railway rolling stock 

5. Aircraft 
All damage to or loss of aircraft 

6. Ships (sea, lake and river and canal vessels) 
All damage to or loss of 

• river and canal vessels 

• lake vessels 
• sea vessels 

7. Goods in transit (including merchandise, baggage, and all other goods) 
All damage to or loss of goods in transit or baggage, irrespective of the 
form of transport 

8. Fire and na tu ral forces 
All damage to or loss of property (other than property included in classes 
3, 4, 5, 6 and 7) due to 



208 Appendix A 

• fire 
• explosion 

• storm 
• natural farces other than storm 

• nuclear energy 

• land subsidence 
9. Other damage to property 

All damage to or loss of property (other than property included in classes 
3, 4, 5, 6 and 7) due to hail or frost, and any event such as theft, other than 
those mentioned under 8 

lOa. Motor vehicle liability (excluding road haulage liability) 
All liability arising from the use of motor vehicles operating on land (in
cluding carrier's liability) excluding goods-traffic 

lOb. Road haulage liability 
All liability arising from the use of goods-traffic operating on land (incIu
ding carrier's liability) 

11. Aircraft liability 
All liability arising from the use of aircraft (including carrier's liability) 

12. Liability for ships (sea, lake and river and canal vessels) 
Allliability arising from the use of ships, vessels or boats at sea, lakes, rivers 
or canals (including carrier's liability) 

13. Generalliability 
Allliability other than those forms mentioned under Nos. 10, 11 and 12 

14. Credit 

• insolvency (general) 

• export credit 

• instalment credit 

• mortgages 
• agricultural credit 

15. Suretyship 

• suretyship (direct) 

• suretyship (indirect) 
16. Miscellaneous financialloss 

• employment risks 

• insufficiency of income (general) 

• bad weather 

• loss of benefits 

• continuing general expenses 



Lines of business 

• unforeseen trading expenses 

• loss of market value 
• loss of rent or revenue 
• indirect trading losses otber tban tbose mentioned above 

• other financialloss (non-trading) 
• otber forms of financial loss 

17. Legal expenses 
Legal expenses and costs of litigation 

18. Travel assistance 
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Direct aid to persons in trouble who are travelling or who are outside their 
residence 

The above mentioned lines of business are grouped in five main groups, which 
are used for the financial statements. These main groups are: 

1. Accident and sickness (classes 1 and 2) 
2. Motor (classes 3 and tOa) 
3. Marine, transport and aviation (classes 4, 5, 6, 7, lOb, 11 and 12) 
4. Fire and other damage to property (classes 8 and 9) 
5. Other classes (classes 13 to 18) 
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APPENDIX B 

EXCERPTS FROM THE ASSESSMENT REPORTS 

In this appendix, excerpts from the different assessment reports that indicate 
important strengths or weaknesses of the companies are presented. The excerpts 
presented below have had a major influence on the classification of companies . 
First, excerpts that indicate strengths will be presented (positive); after this , 
excerpts indicating weaknesses will be presented (negative) . 

Positive: 

• Good solvency position, and the claims provisions are (probably) amply 
sufficient. 

• (Very) good financial position. (example 1) 
• The surplus has risen sharply. (example 4) 
• The available solvency margin has risen. 

• The investments are high quality. 
• The remaining participating companies are obliged to take over the liabil

ities concemed in case one of the participating insurers can not pay its 
liabilities. 

• Large surplus. Over 45% of investments is in equity. This is acceptable 
in view of the surplus and the experience of the manager in the invest
ment field. 

• Because of rising claim amounts, especially with respect to Fire, profits 
will be jeopardized in the next years. However, the surplus is still very 
large. 

• The total branch profit has improved significantly because of a very sharp 
decline in incurred claims. 

• The financial position is still more than adequate. 
• Surplus equals about 24 times the required margin . 
• From a financial point of view there is still no problem. 
• Surplus again increased slightly. 
• Large surplus, good financial position. The percentages invested in equity 

and property are acceptable considering the free reserves . 
• The financial position has improved in the last few years . Let's wait and 
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see. 

• The company has suffe red a smallloss this year. However, the surplus 
remains amply sufficient. 

• The result and the financial position have improved significantly. 

• Profits have ris en due to lower costs. The surplus has risen further. 

• The financial position is good. A relatively large share of investments is 
in equity. The technical provisions and the required solvency margin are, 
however, almost completely covered by bonds and deposits . 

• The financial position is very good. By definition, premiums equal claims. 
• The required margin is now based on premiums, in previous years it was 

based on claims. The technicallbranch results have improved significantly 
compared to 1991. 

• The technical results have improved considerably due to a lower claim 
amount. 

• The claim ratio is favorable . 

• The surplus is very high, even more considering the fact that the required 
margin (which equals the minimum guarantee fund) is much larger than 
the premiums and the claims with which the company is working. 

• Prospects are not unfavorable . 

• Very wealthy company. 

Negative: 

• The surplus only equals ... ; this amounts includes ... The deve\opment of 
the solvency position should be closely monitored. (example 2) 

• The solvency margin including a subordinated loan of ... meets the re
quired minimum . In 1991 the subordinated loan was equal to ... (less than 
in 1992, ELK) . This situation is closely monitored. 

• Quite weak financial position. 

• Further deterioration of the branch profit for ... (example 4) 

• Large losses. It is advisable to ask for the financial statements for the first 
half of 1993 or to visit the company. 

• The appointed values (those investments that are appointed by the com
pany to cover the technical provisions, ELK) are insufficient to cover the 
technical provisions. 

• 1992 also showed negative results . 

• Total branch pro fit is very negative, whereas the preceding years showed 
a positive result. The profit balance for the current financial year is only 
a tenth of preceding years, despite the large balance of miscellaneous 
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income and expenses (Jarger tban tbe profits in tbe preceding year, 
ELK); so 1992 has been a very bad year for the company. (example 5) 

• Incurred claims are stilllarger than earned premiums. Twenty per cent 
of investments is in equity. This means that part of the technical provi
sions are covered by equity. A change in the accounting principles for 

equity had a positive effect on the results . 

• Alllines of business have a negative branch result, even last year's good 
lines Fire and Other Branches. Even the earned interest cannot compen
sate for this loss. 

• The surplus including a hidden reserve is positive. Excluding this reserve, 
the surplus is negative. Weak financial position. 

• The company's expenses are too high. 

• Technica1 results have fallen considerably due to a sharp rise in the claim 
amount. These negative results are partly compensated for by investment 
gains. Both internal and external claim costs have ris en considerably. The 
company's results will continue to be under pressure during coming years. 

• Preceding year's reservations have been too low. An extension of capital 
does not seem superfluous. 

• Very bad run-off results for alllines of business. 

• Little spread.in investments. 

• The company has to pay off a mortgage in 1993. How are they going to 
pay for this? This company is more of a real estate company than an 
insurer! In my opinion insurance is just a side issue. 

• The surplus almost feil below zero. The results are negative mainly due 
to high costs. Negative results are also expected for the coming years , so 
that extra capital will probably be needed again . 

• This matter has got our continuous attention. 

• Significant rise of the claim amounts for most lines of business, while 
adequate premium rises are obstructed by keen competition. The extra 
reserve has almost vanished. Branch results are negative, just like last 
year. The surplus is rapidly declining. Next year's financial statements 
should have first priority, or we should demand interim results right now. 

• The reserves are negative. The available solvency margin almost equals 

the unpaid share capital. Except for "Other Branches", all lines of busi
ness suffered aloss. Despite extra paid in capital, there was still a deter
ioration of the financial position . 

• The surplus is only 9% of gross written premiums or 7% of required. The 
profits after taxes are still rather meagre. For 1993, lower results are 
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expected. 

• In September 1992, a letter was sent to the company: the placement of 
all investments with one debtor is undesirable considering diversification 
and spread. We should be kept informed of any developments. 

• The company has been visited to talk about the course of events. A sig
nificant amount, which was related to earlier financial years, had to be 
brought at the expense of the results. This does not improve the expecta
tions for 1993 if the size of the technical provisions at the end of 1992 
are partly determined by the financial position. 

• High current accounts with group companies. Current accounts do not 
pay interest. This may influence the result in a not insignificant manner. 

• The company has received a subordinated loan. Including this loan, the 
surplus is 38% of required; it would have been negative otherwise. There
fore, the financial position is (stiJl) not very strong. 

• The surplus equals 2.1 % of gross written premiums or 16% of required. 
This is excluding a possible actuarial provision for health insurance. The 
investments are not very diversified. Lingering case conceming the actu
arial provision for health insurance. It is about time a decision is made! 

• Branch profits are marginalor negative. Small profit after taxes . The 
board of directors has asked the holding company for a subordinated 
loan. 

• If no measures are taken to convert losses into profits, the solvency posi
tion will be jeopardized. 

• The surplus only equals ... Without hidden reserve it would be almost 
zero. The Branch profit excluding interest is negative, like last year. The 
incurred claims exceed the eamed premiums. 

• The available solvency margin is negative. There is a large deficit. 

• The surplus has fallen, mainly due to a changed calculation of the mathe
matical provision. Branch profits are negative again. In 1992, the senes
cence provision has finally been established on a modem basis. This 
resulted in a significantly higher provision and thus a significantly lower 
surplus. 

• The surplus has fallen quite significantly. The expenses increased by 30% . 
• If the results do not improve, a negative surplus can be expected within 

two years. 
• The surplus would be negative if not for the hidden reserve for bonds 

and equity. Weak financial position. 

• The financial position is minima!. 
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• The investments are very one-sided . 
• The surplus is low, in spite of the extension of paid in capita!. Also when 

one ~onsiders the run-off results of the claims provision: a lot of extra 
donations were necessary. 



APPENDIX C 

VARIABLE DESCRIPTION 

1. Variables included in the ordered probability and neural network models 

FISNTPSM 

GICOMBRA 
G2SURRSM 
PATNEP 
PROPERTY 
SOLVRA 

2. Ot her variables 

ACCIDENT 

AGENTS 

BALNCPSM 

COMBRA 

DM 

fixed interest-bearing securities/(net technical provisions + 
minimum required solvency margin ) 
one-year growth rate of COMBRA 
two-year growth rate of SURRSM 
profit after taxes/net eamed premiums 
property investments/total invested capital 
solvency margin/minimum required solvency margin 

percentage of gross booked premiums in category "Accident 
and sickoess" 
balance of receivables from and liabilities to intermediaries 
and general agents 
balance of allocations to and withdrawals from net claims 
provision/solvency margin for last year 
combined ratio: (gross incurred claims/gross eamed pre
miums) + «operating expenses + gross commissions)/gross 
booked premiums) 
liability size decomposition measure, introduced by BarNiv 
and Raveh [1989]: 

n Q . 
DM = L Q)n( --.!) , 

i=\ Pi 

where Q; = the relative share of liability-type i to total bal
ance sheet for the last year; P; = the relative share of liabil
ity-type i to total balance sheet for the previous year. In th is 
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D2GCPSOL 

EQUITY 
EXTRAPBT 

FIRE 

FORM 

GBCSHARE 
GBPSHARE 
GCOGPXCO 
GEPGBP 
GICGEP 
GROUP 

GRPSMGTP 

G1GBC 
G1GBP 
G1GEPGBP 
G1GICGEP 
GlINVEST 
G1NBPGBP 
G1NPCGPC 
GIOPXGBP 
G1S0LGBP 
G1S0LV 
G1S0LVRA 
G1SURGBP 
G1SURNTP 
G1SURRSM 
G2COMBRA 
G2GBC 
G2GBP 
G2GEPGBP 
G2GICGEP 

Appendix C 

study n = 4: 1 = premium provision, 2 = claims provision, 
3 = solvency margin, 4 = other liabilities. 
two-year mutation in gross claims provision/solvency margin 
two years ago 
equity investments/total invested capital 
balance of extraneous income and expenses/profit before 
taxes 
percentage of gross booked premiums in category "Fire and 
other damage to property" 
dummy indicating the legal form of a company: 1 for a stock 
company, 0 for a mutual 
market share of gross booked claims (times 100) 
market share of gross booked premiums (times 100) 
gross commissions/gross premiums excluding commissions 
gross earned premiums/gross booked premiums 
gross incurred claims/gross earned premiums 
dummy indicating whether or not the company is part of a 
group of companies (e.g. a conglomerate) 
balance of receivables from and liabilities to group compa
nies/(salvency margin + grass technical provisians) 

. ane-year growth rate of gross baaked claims 
ane-year grawth rate of gross baaked premiums 
ane-year growth rate of GEPGBP 
one-year growth rate of GICGEP 
one-year growth rate of invested capital 
ane-year grawth rate of NBPGBP 
ane-year growth rate of NPCGPC 
ane-year growth rate of OPXGBP 
one-year growth rate of SOLGBP 
ane-year growth rate of the salvency margin 
one-year growtb rate of SO L VRA 
one-year growth rate of SURGBP 
one-year growtb rate of SURNTP 
ane-year growtb rate of SURRSM 
twa-year growtb rate of COMBRA 
twa-year growtb rate of gross boaked claims 
twa-year grawth rate of gross boaked premiums 
twa-year growtb rate of GEPGBP 
twa-year grawth rate of GICGEP 



Varia bie description 

G2INVEST 
G2NBPGBP 
G2NPCGPC 
G20PXGBP 
G2S0LGBP 
G2S0LV 
G2S0LVRA 
G2SURGBP 
G2SURNTP 
MARINE 

MOTOR 
NBPGBP 
NDM 

NPCGPC 
OPRESNEP 
OPRNEP2Y 

OPXGBP 
OTHER 

PATS OL 
PAYOUT 
PEXASSET 
RESHGBC 
RESHTPSM 

ROl 
SOLGBP 
SUBLSOL 

SURGBP 
SURNTP 
SURRSM 

two-year growth rate of invested capita) 
two-year growtb rate of NBPGBP 
two-year growtb rate of NPCGPC 
two-year growtb rate of OPXGBP 
two-year growth rate of SOLGBP 
two-year growth rate of tbe solvency margin 
two-year growth rate of SOLVRA 
two-year growth rate of SURGBP 
two-year growtb rate of SURNTP 
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percentage of gross booked premiums in category "Marine, 
transport and aviation" 
percentage of gross booked premiums in category "Motor" 
net booked premiums/gross booked premiums 
absolute value of liability size decomposition measure: 

net paid c1aims/gross paid claims 
operating result/net earned premiums 
sum of this and last year's operating results/sum of this and 
last year's net earned premiums 
operating expenses/gross booked premiums 
percentage of gross booked premiums in category "Other 
classes" 
profit af ter taxes/solvency margin 
payout ratio: dividend/profit af ter taxes 
personnel expenses/total assets 
claims paid by the reinsurers/gross booked claims 
reinsurers ' share in the technical provisions (=gross-net)/sol
vency margin 
return on investments: interest/ave rage invested capital 
solvency margin/gross booked premiums 
correction in the reported solvency margin for subordinated 
loans/solvency margin before correction 
solvency surplus/gross booked premiums 
solvency surplus/net technical provisions 
solvency surplus/required solvency margin 
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UCASUR 
UNRESNEP 

uncalled capital account/solvency surplus 
underwriting result/net eamed premiums 

Appendix C 

3. Statistics of the variables included in the ordered probability and neural 
network models 

Table C.1 DESCRIPTIVE STATISTICS 

variabie mean std. dey. skew. kurt. minimum maximum 

FISNTPSM 2.62 4.16 4.57 25.64 0.00 35.46 

G1COMBRA 0.07 0.33 2.75 14.49 - 0.79 2.19 

G2SURRSM 1.26 7.46 10.57 128.12 - 3.70 94.44 

PATNEP 0.21 0.37 2.25 8.76 - 0.84 2.44 

PROPERTY 0.04 0.14 5.61 32.45 0.00 1.00 

SOLVRA 6.87 8.35 3.39 14.54 - 0.16 58.22 
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Table C.2 CORRELATION MATRIX 

varia bie 1 2 3 4 5 6 

1. FISNTPSM 1.00 

2 . G1COMBRA 0.09 1.00 

3 . G2SURRSM - 0 .02 0 .03 1.00 

4 . PATNEP 0.55 0 .17 - 0 .05 1.00 

5. PROPERTY - 0 .09 0.08 0.00 - 0 .03 1.00 

6 . SOLVRA 0.68 0.01 - 0.04 0.64 0.04 1.00 
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RESULTS FOR THE ORDERED PROBIT MODEL 

The stepwise results (i.e. the log,-likelihoods, the value of the ehi-square statistie 
of the likelihood-ratio test, and the signifieanee levels) are presented in table D .1. 
The coefficients of the model are presented in table D.2. 

The classifieation results of the orde red probit model are presented in table 
D.3. These results are almost equal to those of the orde red logit model as presen
ted in table 6.3 . The ordered logit model misclassifies one additional medium-risk 
eompany (as high risk), and correetly classifies one additional high-risk company 
compared to the ordered probit model. 

Tables D.4 and D.5 present-the coefficients and classification results for the 
corrected data set. The ordered probit model performs slightly better than the 
ordered logit model : one additional medium-risk company is classified eorrectly. 

Table D.6 presents the coefficient values for the ten cross-validation runs . 
The finál ordered probit models af ter the ten-fold cross-validation tests (i.e. with
out G2NBPGBP) are presented in tables D.7 (original data set) and D.8 (correc
ted data set). The classifieation tables from the ten-fold cross-validation proce
dure for these models are presented in tables D.9 and D.lO. 

The ordered logit model slightly outperforms the ordered probit model for 
both data sets. For the original data set, two additional medium-risk companies 
are classified correctly. For the corrected data set, one additional medium risk 
and one additional low-risk eompany are classified correctly. 



Results for the ordered probit model 

Table D.l STEPWISE SELECTION RESULTS FOR THE ORDERED PROSIT MODEL, 
n -195 

variabie log-likelihood X2 (1) significa nee 

constant - 128.40 

SOLVRA - 69.49 117.83 0.000 

PATNEP - 62.54 13.89 0.000 

G2SURRSM - 58.46 8.17 0.004 

PROPERTY -56.00 4.92 0.027 

FISNTPSM - 53.25 5.50 0.019 

G1COMBRA - 51 .08 4.34 0.037 

G2NBPGBP - 48.49 5.17 0.023 

Table D.2 ORDERED PROSIT MODEL, n - 195 

varia bie coefficient standard error 

constant 3.38 0.72 

SOLVRA - 1.94 0.27 

PATNEP - 3.54 1.48 

G2SURRSM 0.05 0.08 

PROPERTY 4.61 6.14 

FISNTPSM 0.91 0.43 

G1COMBRA - 2.05 0.73 

G2NBPGBP 0.66 1.83 

a2 1.22 0.26 
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Table D.3 FREQUENCIES OF ACTUAL AND PREDICTED RISK EXPOSURES FOR 
THE ORDERED PROBIT MODEL, PREDICTED OUTCOME HAS MAXIMUM 
PROBABILITY 

actual 
predicted 

total score 

low medium high 
(%) 

low 148 5 1 154 96.1 

medium 6 6 6 18 33.3 

high 1 2 20 23 87.0 

total 155 13 27 195 89.2 

Table 0.4 ORDERED PROBIT MODEL, n - 195; CORRECTED DATA 

varia bie coefficient standard error 

constant 4.48 0.89 

SOLVRA ·2.42 0.33 

PATNEP - 3.97 1.56 

G2SURRSM 0.05 0.13 

PROPERTY 7.05 8.72 

FISNTPSM 1.06 0.47 

G1COMBRA - 1.54 0.69 

G2NBPGBP 0.70 2.29 

a2 1.51 0.38 



Results ror the ordered probit model 

Table 0.5 FREQUENCIES OF ACTUAL AND PREDICTED RISK EXPOSURES FOR 
THE ORDERED PROBIT MODEL, PREDICTED OUTCOME HAS MAXIMUM 
PROBABILITY; CORRECTED DATA SET 

actual 
predicted 

total score 

low medium high 
(%) 

low 148 4 0 152 97.4 

medium 5 11 2 18 61 .1 

high 0 2 23 25 92.0 

total 153 17 25 195 93.3 

Table D.6 COEFFICIENT-VALUES WITH 10-FOLD CROSS-VALIDATION, ORDERED 
PROBIT MODEL; ORIGINAL DATA SET 

con SOL PAT G2S PRO FIS G1C G2N 

1 3.3 - 1.9 - 3 .6 0 .046 4 .7 0 .95 - 2.2 0 .72 

2 3.5 - 1.9 - 3 .3 0 .045 4.3 0 .84 - 1.8 0 .64 

3 3 .4 - 1.9 - 3 .3 0 .041 4.2 0.79 ·1 .9 -0.80 

4 3.1 - 1.9 - 3 .0 0 .044 4 .5 0 .94 - 2.0 0 .68 

5 3.8 - 2.1 - 3 .9 0.047 5.4 0.65 - 1.1 0.59 

6 3.4 - 1.9 - 3 .6 0 .044 4.2 0.86 - 1.9 0.68 

7 3.5 - 2.0 - 4 .6 0.082 4.2 1.10 - 2.1 0 .59 

8 3.3 - 1.9 - 3 .5 0 .045 4 .8 0.90 - 2.5 0.65 

9 3.2 - 1.9 - 3 .5 0.044 4.6 0.88 - 2 .0 0 .64 

10 3.7 - 2.3 - 4 .3 0 .057 5.0 1.30 - 3 .0 0.90 

a 2 

1.2 

1.3 

1.2 

1.2 

1.3 

1.2 

1.3 

1.2 

1.2 

1.3 
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Table 0.7 FINAL ORDERED PROBIT MODEL, n - 195; ORIGINAL DATA SET 

variabie coefficient standard error 

constant 3.26 0.68 

SOLVRA - 1.83 0.26 

PATNEP - 3.74 1.08 

G2SURRSM 0.04 0.07 

PROPERTY 4.09 5.33 

FISNTPSM 0.84 0.39 

G1COMBRA - 1.64 0.68 

°2 1.14 0.25 

Table 0.8 FINAL ORDERED PROBIT MODEL, n - 195; CORRECTED DATA SET 

varia bie coefficient standard error 

constant 4.28 0.85 

SOLVRA - 2.26 0.32 

PATNEP - 4.13 1.15 

G2SURRSM 0.05 0.09 

PROPERTY 5.74 8.07 

FISNTPSM 0.99 0.43 

G1COMBRA - 1.09 0.63 

°2 1.39 0.35 



Results ror the ordered probit model 

Table 0.9 RESUlTS OF THE 10-FOlD CROSS-VALIDATION PROCEDURE: 

actual 

low 

FREOUENCIES OF ACTUAL AND PREDICTED RISK EXPOSURES FOR 
THE FINAL ORDERED PROBIT MODEL, PREDICTED OUTCOME HAS 
MAXIMUM PROBABILITY; ORIGINAL DATA SET 

predicted 
total score 

low medium high 
(%) 

148 5 1 154 96.1 

medium 8 3 7 18 16.7 

high 3 3 17 23 73.9 

total 159 11 25 195 86.2 

Table D.10 RESULTS OFTHE 10-FOLD CROSS-VALIDATION PROCEDURE: 

actual 

low 

FREOUENCIES OF ACTUAL AND PREDICTED RISK EXPOSURES FOA 
THE FINAL ORDERED PROBIT MODEL, PREDICTED OUTCOME HAS 
MAXIMUM PROBABILITY; CORRECTED DATA SET 

predicted 
total score 

low medium high 
(%) 

147 5 0 152 96.7 

medium 6 6 6 18 33.3 

high 2 2 21 25 84.0 

total 155 13 27 195 89.2 
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TUE WEIGUT MATRICES OF TUE NEURAL NE1WORK 



Table E.1a WEIGHT MATRIX FOR THE INPUT-TO-HIDDEN LAYER 

~ SOLVRA G2SURRSM PROPERTY FISNTPSM G1COMBRA PATNEP constant 
hidden 

1 - 7.7494 5.1046 7.9582 - 7.4708 - 6.5024 5.6594 - 4.9730 
2 -7.9504 - 3.2794 5.6660 - 3.0256 7.9320 -7.9856 -7.7562 
3 7.9600 - 6.7274 7.9532 -1 .9884 - 7.9154 7.9876 7.7626 
4 -7.8002 - 7.8090 3.1214 7.6296 - 2.8580 -7.9336 - 6.0752 
5 7.9208 7.9290 3.9100 -7.6450 - 7.9966 2.0562 7.4484 
6 7.9134 - 2.6030 7.2372 - 7.9520 1.0484 6.3406 7.8674 
7 -7.8980 - 5.6312 - 2.4866 1.9602 - 5.9462 7.9186 -7.7662 
8 7.9460 -7.6242 - 2.0616 6.3456 - 2.5516 7.9792 7.5112 
9 - 7.8766 7.9720 - 4.3106 1.0472 - 1.2884 -7.4144 -7.2832 

10 -7.9556 - 0.1344 0.5066 3.5842 - 1.4886 - 7.2216 -7.8590 
11 7.9344 -7.9076 0.2560 3.9700 - 0.0856 7.2180 7.8208 
12 7.9336 - 0.3210 1.8910 - 5.3452 1.4110 6.6706 7.6880 
13 - 7.5926 - 7.5814 7.9236 7.9632 - 6.9980 7.9994 -1.4316 
14 -7.8944 7.9734 - 1.8960 - 3.4732 - 0.3952 - 5.1206 -7.9362 
15 -7.9074 5.4740 - 2.3452 -1 .0130 - 1.3774 - 2.0002 - 7.0410 
16 7.9562 1.5590 0.4986 - 2.3634 0.7874 - 0.3944 7.2040 

I 

17 -7.9506 0.9944 - 1.5856 1.1970 - 1.1310 - 0.2724 - 7.4276 
18 -7.9508 0.8056 -1 .0716 1.3382 - 0.9550 0.0924 - 6.7234 
19 6.6960 - 3.8174 0.2702 - 0.4624 0.0412 - 0.9682 2.0434 
20 -7.9554 - 0.0380 - 0.3280 1.5702 - 0.6246 0.7762 -6.1074 : 

21 7.9542 - 0.3076 - 0.3366 - 2.0244 0.0852 - 1.0514 4.3306 
22 7.9576 1.5052 - 1.1594 - 2.5330 - 0.0600 - 1.3008 4.5386 

I --- --



Table E.1b WEIGHT MATRIX FOR THE INPUT-TO-HIDDEN LAYER 

~ SOLVRA G2SURRSM PROPERTY FISNTPSM G1COMBRA PATNEP constant 
hidden 

23 7.9550 - 0.2566 - 0.1712 - 2.0834 - 0.2612 - 1.2650 4.2112 
24 7.9516 - 1.2544 - 0.6608 - 1.9866 0.0876 - 1.1766 3.1386 
25 -7.9534 0.8960 0.3114 2.0954 0.1820 1.2450 - 3.5416 
26 - 3.3146 0.4344 0.7246 0.7462 - 0.0312 0.3346 -1 .0936 
27 - 7.9542 0.7274 1.4704 2.0692 0.1034 1.1866 - 2.6952 
28 - 7.9526 1.3206 1.0344 2.1122 0.0754 1.0664 - 2.5972 
29 7.9524 - 1.4976 - 0.6922 - 1.9524 - 0.2816 - 1.4162 2.6422 
30 - 4.6900 1.3452 0.3326 1.2204 -0.1062 0.4266 - 1.4656 
31 - 0.0726 0.1030 - 0.1006 0.0344 0.0742 - 0.0396 - 0.Q196 
32 0.0508 - 0.0562 0.2376 - 0.1250 0.0422 0.0224 0.1172 
33 - 0.3220 0.0844 0.0470 0.0006 0.1580 0.0446 - 0.0720 
34 0.3710 - 0.0332 - 0.1296 - 0.0626 -0.1330 0.0596 0.0906 
35 - 0.3076 0.1176 0.0752 - 0.0660 0.1334 0.0940 - 0.0586 
36 0.1310 - 0.1262 - 0.0662 0.0836 -0.1440 0.1286 0.Q102 
37 0.0904 -0.1124 - 0.0252 - 0.0554 - 0.0736 0.1556 - 0.0270 
38 0.0214 -0.0510 - 0.1324 0.0652 - 0.0294 0.1572 - 0.0556 
39 0.0702 - 0.0704 0.0112 0.1254 - 0.0886 0.0152 0.0566 
40 0.1762 - 0.0756 - 0.0162 0.1542 - 0.2584 - 0.0994 0.0442 
41 - 0.0856 0.1400 - 0.0364 - 0.0186 0.1000 0.0242 0.0584 
42 - 0.0076 0.0664 - 0.0254 - 0.0386 - 0.0934 0.0930 0.0022 
43 - 0.0872 0.0266 0.0406 0.0206 0.0484 - 0.0294 - 0.0016 



Table E.2 WEIGHT MATRIX FOR THE HIDDEN-TO-OUTPUT LAYER 

~ low 
risk 

1 - 2.1196 

2 - 0.8790 

3 1.5004 

4 - 5.3804 

5 2.0082 

6 1.1682 

7 - 0.4346 

8 1.9012 

9 - 0.8744 

10 - 0.7786 

11 1.1886 

12 0.8600 

13 - 3.7708 

14 - 0.8996 

15 - 0.7714 

16 0.7502 

17 - 0.7772 

18 - 0.7722 

19 - 0 .6622 

20 - 0.7434 

21 0.7796 

22 0 .7604 

c = constant 
h = hidden 
o = output 

medium 
risk 

1.0026 

- 0.5922 

1.3552 

2.5166 

0.5220 

0.0386 

- 2.7146 

- 0.1832 

0.5294 

0.1696 

- 0.4576 

- 0.1306 

- 1.6474 

0.5494 

0.5092 

- 0.1230 

0.2426 

0.2136 

- 0. 2320 

0.1490 

- 0 .1012 

- 0.0030 

high ~ low medium 
risk risk risk 

1.9672 23 0.7908 - 0 .0716 

1.4384 24 0.8050 - 0 .1214 

- 0 .3830 25 - 0.8060 0.0996 

7.8554 26 - 0.3280 0.0276 

- 2.8004 27 - 0.8036 0.0506 

- 0 .6784 28 - 0.8096 0.0950 

3.7492 29 0.8192 - 0 .0970 

- 1.9680 30 - 0.4610 0 .0972 

0.4952 31 - 0.0144 - 0.0042 

1.1114 32 0.0000 - 0.0090 

- 1.0592 33 - 0.0456 - 0.0106 

- 1.0170 34 0.0406 0.0092 

3.8382 35 - 0.0380 - 0.0110 

0.7084 36 0.0124 0.0016 

0.9092 37 0.0094 - 0.0054 

-1 .1434 38 0.0090 0.0032 

1.0732 39 0.0092 0 .0042 

1.0664 40 0.0300 0.0170 

- 0.7356 41 - 0.0110 - 0 .0060 

1.0704 42 0 .0096 0 .0066 

- 1.0204 43 - 0.0140 - 0.0034 

- 1.0746 c - 0.8320 - 3.0314 

high 
risk 

-1 .0106 

- 0.9906 

1.0008 

0 .3876 

0.9624 

0 .9650 

- 0.9686 

0.5450 

- 0.0034 

- 0.0110 

0 .0360 

- 0.0396 

0.0296 

- 0 .0114 

- 0.0100 

- 0.0086 

- 0.0030 

- 0.0204 

0 .0084 

- 0 .0052 

0 .0044 

- 7 .5908 



APPENDIX F 

A COMPARISON OF 
TUE PERFORMANCE OF TUE MODELS 

Table F.1 and F.2 present tbe performance of tbe combination of tbe ordered 
logit model and tbe neural network on tbe 1993 data set after tbe classifications 
were corrected for commenrs made by tbe experts (i.e. tbe ISB employees and 
account managers wbo assisted in developing N.E.W.S.). In table F.l , tbe predic
ted priority is tbe class witb tbe maximum value. In table F.2, tbe predicted class 
is determined by ca1culating tbe weigbted average and rounding to tbe nearest 
class. This last procedure is used in tbe knowledge base of N.E.W.S. to combine 
tbe outcome of tbe matbematical models witb tbe rule-based model (as explained 
in section 8.3.6). 

Table F.1 FREQUENCIES OF ACTUAL AND PREDICTED PRIORITIES FOR THE 
MATHEMATICAL MODEL, PREDICTED CLASS HAS THE MAXIMUM 
VALUE, 1993 DATA SET BASED ON COMMENTS MADE BYTHE EXPERTS 

actual 
predicted 

total score 

low medium high 
(%) 

low 131 0 3 134 97.8 

medium 18 1 5 24 4.2 

high 7 2 26 35 74.3 

total 156 3 34 193 81 .9 

Compared to table 7.9, tbe score for bigh risklhigh priority is much lower. The 
otber scores did not cbange significantly. The inclusion of tbe rule-based model 
clearly leads to an improvement of tbe performance, as can be concluded from 
comparing table F.l and F.2 to table 8.1 . The overall score in table F.2 is lower 
tban tbe overall score in table F.l . However, in table F.2 fewer bigb priority com-
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panies we re miscIassified as low priority, and no low priority company was mis
cIassified as high priority (as compared to three in tabIe F.1) . 

Table F.2 FREQUENCIES OF ACTUAL AND PREDICTED PRIORITIES FOR THE 
MATHEMATICAL MODEL, PREDICTED CLASS BASED ON WEIGHTED 
AVERAGE, 1993 DATA SET BASED ON COMMENTS MADE BY THE 
EXPERTS 

actual 
predicted 

total score 

low medium high 
(%) 

low 130 4 0 134 97.0 

medium 17 2 5 24 8.3 

high 5 10 20 35 57.1 

total 152 16 25 193 78.8 

Table F.3 presents an ovelView of the priorities given to the companies in the 
1993 data set based on the assessment reports (i. e. the original 1993 data set), 
predicted by the combination of the ordered logit model and the neural network 
based on the maximum probability, predicted by N.E.W.S., and based on the 
comments made by the experts during the knowledge acquisition sessions for the 
rule-based model (i.e. the final 1993 data set used to test the performance of 
N.E.W.S. and presented in table 8.1, so excIuding the "urgency based on last year" 
rule) . 

The numbers in table 7.9 can be obtained from table F.3 by taking the first , 
the second, and the last column. For instance, the number in the low-Iow field 
in table 7.9 (143) equals the sum of the numbers in the first four rows of tabIe 
F.3. Similarly, the numbers in table 8.1 can be obtained by considering tbe last 
tbree colums of table F.3. For example, according to table 8.1 tbe number of 
bigh-risk companies miscIassified as medium-risk is two. The same number can 
be obtained by adding up the numbers in the last column of the last two rows 
of table F.3. Finally, the numbers in table F.I can be obtained from table F.3 by 
looking at the second, fourth , and last column. 
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Table F.3 PRIORITIES FOR BOOKYEAR 1993 BASED ON THE 
ASSESSMENT REPORTS (1993-1), PREDICTED BYTHE 
MATHEMATICAL MODELS (OL / NN) AND BY N.E.W.S., AND 
BASED ON THE COMMENTS MADE BY EXPERTS (1993-11) 

1993-1 OL/NN N.E.W.S. 1993-11 # camp. 
\ 

low low low low 126 

low low medium low 2 

low low medium medium 10 

low low high high 5 

low high medium low 3 

low high medium medium 1 

medium medium medium medium 1 

medium low medium medium 6 

medium low low medium 2 

medium high high medium 4 

medium low low low 3 

medium low high high 1 

medium high high high 3 

high high high high 24 

high high medium high 1 

high low medium high 1 

comp. = companies 




