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CHAPTER 9 

SUMMARY AND CONCLUSIONS 

In this book I have described the development of a computerized system 
which can be used to support the employees and account managers at the 
ISB. The system is called N.E.W.S., which stands for Non-life Early Waming 
System. N.E.W.S. can be used to support the intelligence phase of the decis
ion-making processes related to the evaluation of non-life insurance compa
nies. That is, N.E.W.S. can be used to identify problem companies, i.e. com
panies that require attention . Furthermore, part of the design phase, i.e. the 
search for alternative courses of action, is also supported. By describing why a 
company is identified as a potential problem company, the attention of the 
ISB employees and account managers can be focused on the weak points of a 
company. Such a list of weak points can function as a lead for determining 
possible courses of action. 

N.E.W.S. is based on the Knowledge-Based Decision Support System 
paradigm. That is, N.E.W.S. is based on the paradigm of decision support, 
and at the same time it incorporates specialized knowledge and expertise. 
Within N.E.W.S. the classical DSS approach and the expert systems approach 
are combined. 

In section 1, I shall prove that N.E.W.S. meets all the necessary require
ments as stated in chapter 1; and that, therefore, the research question, which 
is the subject of this book, is answered by describing how N.E.W.S. has been 
developed. Section 2 will concentrate on the implications of introducing 
N.E.W.S. into the ISB organization. Section 3, finally, will present a number 
of possible extensions, improvements, and refinements which may further in
crease the usefulness of N.E.W.S. 

9.1 THE RESEARCH QUESTION REVISITED 

In chapter 1, the objective of th is research project was stated as follows: to 
build an early waming system that can be used by the ISB to improve the 
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supeIVIslon of Dutch non-life insurance companies by identifying possible 
probIem companies at an early stage of the evaluation process. To be ade
quate, such a system should meet certain requirements. The following five 
requirements have been specified: 

1. the system should be abIe to identify companies with an excessive risk 
exposure; 

2. the system should make use of the knowledge and expertise available 
at the ISB; 

3. the system should use relevant scientific classification techniques; 
4. the output of the system should be understandable to employees and 

account managers at the ISB; and 
5. the system should fit in with the ISB evaluation process. 

The research question I have tried to answer in this book is: how might such 
an early waming system, meeting the above mentioned criteria, be developed? 

In my opinion, N.E.W.S. meets all five requirements . In the following 
paragraphs I shall try to explain this. Of course, further improvements, exten
sions, and refinements are still possible. Several options will be presented in 
the fmal section. However, this does not reduce the usefulness of the system 
as it currently stands . . 

ad 1: the identification of companies with an excessive risk exposure 
N.E.W.S. was able to correctly classify 93 per cent of the 193 companies in 
the 1993 data set. Only two out of the 35 high-risk companies were misclas
sified as medium-risk. Furthermore, no company with a high risk exposure 
was misclassified as low-risk, and no company with a low risk exposure was 
misclassified as high-risk. Conditional on the assumption that the actual risk 
exposures with which the outcomes of N.E.W.S. have been compared are cor
rect, it can be concluded that N.E.W.S. is quite able to identify most compa
nies with an excessive risk exposure. 

Companies with a high risk exposure are more likely to go bankrupt 
than other companies. However, very few will actually go bankrupt. Actual 
bankruptcies of non-life insurance companies are very rare in the Nether
lands. Most companies th at got into trouble were saved by a reorganization or 
by a merger, or the interests of the policyholders of an insurance company 
were safeguarded by a transfer of the portfolio of the company in troubIe to 
another company. By identifying companies with a high risk exposure at an 
early stage most bankruptcies can be avoided since more options are available 
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compared to the case in which a company is not identified until it is almost 
bankrupt. AJso, the costs of reducing the bankruptcy risk may become lower. 

ad 2: the use of the knowledge and expertise available at the [SB 
N.E.W.S. makes use of the knowledge and expertise available at the ISB in 
two ways. First of all, the cIassification of companies into different risk cate
gories is based on an analysis of each company's actual assessment report by 
the ISB employees and account managers. At a later stage - during the know
ledge acquisition sessions for the expert system - some of these cIassifications 
are modified on the basis of the comments of some ISB employees. Further
more, the rules in the knowledge base of the expert system have been brought 
forward by people working at the ISB. With these rules a nu mb er of checks 
are performed, which the employees and account managers of the ISB found 
to be important in the evaluation of non-life insurance companies. 

The cIassification approach applied in this study differs from the one used in 
most earl ier studies on early wam ing. In these studies on early waming, com
panies were usually cIassified as bankrupt/insolvent or as nonbankrupt/solvent. 
However, from a supervisory perspective it is more useful to have a tooI that 
focuses on identifying conditions that can lead to a bankruptcy, than one that 
focuses on predicting bankruptcy itself. In this study, an alternative approach 
to cIassifying companies into different risk categories is introduced, which is 
based on the above mentioned notion. 

For all non-life insurance companies seated in the Netherlands, excIu
ding companies less than three years old and run-off companies, the actual 
outcomes of the assessments performed in the past have been analyzed. That 
is, each year the financial statements of all insurance companies seated in the 
Netherlands are analyzed by the ISB employees and account managers. For 
each company the results of this analysis, together with other information on 
this company available at the ISB, are writteo down in the assessment report. 
By analyzing these assessment reports, information can be gathered on what 
tbe people at the ISB tbink of a certain company's risk exposure. If it 
appeared from an assessment report that the ISB is concemed about the con
tinuity of a company, or if a compaoy bas certain weak points and there are 
00 strong points to compensate for tbis, a company would be cIassified as 
higb-risk. 

A problem witb the cIassification approach used in this study is that it is 
not error-free. That is, there is no guarantee that the cIassification based on 
the analysis of an assessment report is correct. The cIassifications are based 
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on a subjective analysis of the assessment reports, and the assessment reports 
are the result of a subjective analysis of financial statements. In other words, 
my interpretation of an assessment report can be wrong, and the people wor
king at the ISB may not have written down their full opinion on a company, 
they may not have had (or used) all relevant information, or they may have 
misinterpreted the results of the assessment. Subjectivity in the cIassifications 
seems inevitable because of the lack of a cIear, objective criterion to cIassify 
companies into different risk groups other than bankrupt/nonbankrupt. The 
bankrupt/nonbankrupt distinction, however, suffers from the disadvantages 
mentioned earlier (i.e. insufficiency from a supervisory perspective and lack of 
bankruptcies of non-life insurers in the Netherlands). 

In the initial cIassifications the error problem did indeed appear to exist. 
Several cIassifications based on an analysis of the 1992 assessment reports 
have been changed during the development of the ordered logit model. Fur
thermore, during the knowledge acquisition sessions for the expert system 
some of the initial cIassifications based on an analysis of the 1993 assessment 
reports have also been changed. Therefore, the cIassifications based on an 
analysis of the assessment reports should be considered initial cIassifications 
which can be refined (or improved) iteratively. Such an iterative refinement 
of the initial cIassifications can again be based on the knowledge and exper
tise available at the ISB. This was actually done during the knowledge acquisi
tion sessions for the expert system. 

Thus, even though no objective classification criterion is available, a 
model to cIassify companies according to their risk exposure can still be built. 
A first version of such a model can be based on classifications following from 
an analysis of the assessment reports. The outcomes of such a model can then 
be compared to the assessment reports, or experts in the field (i.e. people 
working at the ISB, but also other experts) can be asked to comment on the 
outcomes. Subsequently, the initial classifications can be modified, if neces
sary, and a new model can be built, or the existing one can be refined. This 
cycle of model building, feedback, and refinement can be repeated until the 
performance of the model is satisfactory. Of course, this idea is not only 
applicabie to the development of early warning systems for non-life insurance 
companies. It can be applied to a large range of applications where an objec
tive cIassification criterion is not available. 

The expert system, which contains (a small) part of the knowledge and exper
tise available at the ISB, is an essential module of N.E.W.S. Although the 
other two modules, i.e. the ordered logit model and the neural network, are 
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quite good at identifying low- and high-risk companies, they completely failed 
to identify medium-risk companies (see also ad 3). By including the expert 
system, this problem was considerably reduced without causing a reduction in 
its ability to identify low- and high-risk companies. Therefore, the knowledge 
and expertise available at the ISB is an essential part of N.E.W.S., both 
because of the c1assification criterion used and because of the importance of 
the expert system for the overall performance of N.E.W.S. 

ad 3: the c/assification techniques 
The first classification technique used within N.E.W.S. is the ordered logit 
model, which is an ordinal extension to the standard binary logit model. The 
binary logit model used to be quite popular in earl ier studies on early war
ning. Logit models are relatively more robust than the other popular classifi
cation technique, multiple discriminant analysis. The number of (successful) 
applications of the binary logit model to early waming is rather considerable. 
The application of the ordered logit model is, however, relatively new. The 
choice of this classification technique is a consequence of the c1assification 
criterion selected, i.e. the risk exposure instead of bankrupt/nonbankrupt, and 
consequently of the desire to distinguish more than two risk classes. 

The ability of the final ordered logit model to identify low- and high-risk 
companies is reasonably high (95 per cent and 85 per cent correct). The 
scores for these risk groups are comparable to those reported in other studies 
on early wam ing. The performance of the model on medium-risk companies 
is, however, low (15 per cent correct). It appears that the ordered logit model 
identifies the "best" medium-risk companies as low-risk, and the "worst" 
medium-risk companies as high-risk. Thus, in spite of a reasonable perfor
mance on low- and high-risk companies, N.E.W.S. should contain more than 
just the ordered logit model in order to obtain the desired characteristic of 
the ability to adequately identify all three risk categories. 

The second c1assification technique used is a back-propagation neural net
work. Neural networks can be seen as a special type of nonparametric regres
sion estimators. That is, neural networks, like nonparametric statistical meth
ods, do not start with an a priori model of tbe relationsbips between input 
and output. They discover these relationsbips tbemselves. This may be an 
advantage compared to tbe traditional parametric statistical methods like 
logit, in which an a priori model is assumed, and in wbicb tbe parameter esti
mations are dependent on the postulated model. Neural networks are espe
cially good at pattern recognition. Part of the goal of N.E.W.S. is to identify 
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patterns in financial and other data th at indicate an excessive risk exposure of 
a company. 

In tbis study, a one-bidden layer back-propagation neural network is 
developed, which assigns a score between zero and one to each possible risk 
category (low, medium, high). The input for the neural network is the same 
as for the orde red logit model. That is, two solvency ratios, two profitability 
ratios, and two asset management ratios are used as inputs. The final network 
was very good at identifying low- and high-risk companies (96 per cent correct 
for both). For low- and high-risk companies tbe performance of the neural 
network was better than that of the orde red logit model. However, the neural 
network completely failed to recognize medium-risk companies. 

The neural network and the ordered logit model agree on most yet not all 
classifications. Some companies are misclassified by one of the models but not 
by the other. By combining both classification techniques, misclassifications by 
one of the models may be compensated for by the other model. This in deed 
appeared to be the case. By combining, for each possible class, the probability 
of a company belonging to this class according to the ordered logit model, 
and the normalized output score for that class from the neural network, the 
classification scores could be improved. With this combination of the two clas
sification techniques, 97 per cent of the low-risk companies and 96 per cent of 
the high-risk companies were identified correctly. These extremely high scores 
give us some faith in the usefulness of the application of this combination of 
techniques to the risk classification of non-life insurance companies. The 
identification of medium-risk companies, however, remained to be a problem 
at just 5 per cent classified correctly. Therefore, in spite of the high scores on 
low- and high-risk companies, still more is needed to obtain the desired char
acteristic of the ability to adequately identify all three risk categories . 

The peop\e at the ISB not only use financial ratios to determine the risk 
exposure of a company. They use their expertise to combine the financial 
figures of a company and other knowledge they happen to have about this 
company into a final assessment. Therefore, N.E.W.S. should be able to base 
its assessment on both the analysis of financial ratios and the knowledge and 
expertise available in order to trans farm the financial figures into a final 
assessment. The ordered logit model and the neural network focus on the 
analysis of a variety of financial ratios. Expert systems, in contrast, have been 
especially developed to model the knowledge and expertise of experts. Within 
N.E.W.S. both the mathematical/statistical classification methods - i.e. the 
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ordered logit model and the neural network - and an expert system are used. 
As such, N.E.W.S. can be considered a Knowledge-Based Decision Support 
System. 

The combination of the ordered logit model and the neural network is 
one of the inputs to the expert system. The expert system contains a number 
of checks which have been brought forward by people working at the ISB. 
Based on the outcomes of these checks, the classification following from the 
combination of the ordered logit model and the neural network can be modi
fied. This approach appeared to be very fruitful. By combining two powerful 
mathematicaIlstatistical classification methods and a rule-based expert system 
which is abIe to model the knowledge and expertise available at the ISB, 
N.E.W.S. could obtain the desired characteristic of a high performance on all 
three risk categories. Including the expert system led to an improvement of 
the ability to identify medium-risk companies. The score on correctly classi
fied companies increased from 5 to 75 per cent without a reduction in the 
scores for low- and high-risk companies. 

ad 4: the understandability of the output of N.E. w.s. 
The output of N.E.W.S. is not limited to the priority for further research of a 
company. The N.E.W.S. report also includes a description of the main find
ings of N.E.W.S. So, if N.E.W.S. detects any weak points, these weak points 
will be presented in the report. Thus, the N.E.W.S. report includes the prio
rity of a company, the values of the six financial ratios used in both the 
ordered logit model and the neural network, the outcome of the combination 
of these two mathematical models - th at is, the risk exposure according to 
these two models -, and the weaknesses of a company as found by the expert 
system. Furthermore, all this information is provided in straightforward lang
uage and is not limited to difficult codes or abbreviations. All in all, the 
reports range from about half a printed page of information for a healthy 
company with a low risk exposure and no weaknesses, to a printed page and a 
half for a high-risk company with many problems. 

Because the output of N.E.W.S. is not limited to just the priority of a 
company, the conclusions reached by N.E.W.S. wi11 be more understandable 
to the users, ISB employees and account managers. Especially the information 
provided by the expert system is easy to understand as it is based on rules 
brought forward by ISB employees and account managers. Furthermore, by 
not only providing the final conclusions but also the main findings on which 
the concJusions are based, the final conclusions wi11 be more acceptable to the 
users; moreover, the users will also know immediately why these conclusions 
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we re reached. This information caD be useful in the following stages of the 
evaluation process: the (fin al) assessment round and, if applicable, the period
ical consultations and on-site examinations. In addition, the information pro
vided by N.E.W.S. can also be used to make further distinctions between 
companies within a specific priority group; i.e. when a relatively large number 
of companies receive a high priority, the people at the ISB may decide on 
which of these companies should be handled first, which one second, etc., by 
evaluating the seriousness of the comments made in the N.E.W.S. report. 
After all, even within one and the same priority group not all cases will be the 
same. 

In addition to the information provided in the N.E.W.S. report, users 
can obtain extra information by asking N.E.W.S. to explain how it came to a 
certain conclusion. In such case, N.E.W.S. will provide all rul es it applied to 
re ach its fin al conclusions and all facts (or intermediate conclusions) it ob
tained in the process of reaching the final conclusions. This additional infor
mation can increase the understandability of the N.E.W.S. output even more. 

ad 5: the function of N.B. W.S. within the evaluation process 
As soon as the companies' WTV statements are received at the ISB, 
N.E.W.S. can be used in the verification round of the evaluation process to 
focus attention on potential problem companies, and to determine the order 
in which the companies should be assessed in the assessment round. Thus, the 
verification round can be completed more quickly, and potential problem 
companies can be treated first in the assessment round. In fact, N.E .W.S. 
could be run automatically right after the WTV statements of a company 
have been received and are loaded into the ISB database. Since N.E.W.S. 
does not need any information on other companies or on the insurance mar
ket as a whoIe, it is not necessary to wait till the WTV statements of all com
panies have been delivered at the ISB. Furthermore, N.E.W.S. can be rerun 
for companies for which new information becomes available. In this way, the 
influence of this information on the risk exposure and priority of a company 
can be analyzed. 

The ISB employees and account managers who were involved in devel
oping N.E.W.S. indicated that the outcomes of the system and their own 
opinion of a company usually correspond quite wel\. They also indicated that 
N.E.W.S. could be a useful tooI in the assessment process at the ISB. Espe
cially in situations in which the time available for an assessment is limited, the 
system can be a very useful tooI for choosing the companies that should be 
thoroughly examined and those that may be handled by means of a shortened 



Summary and conclusions 191 

assessment procedure (i.e. a quick analysis of the WTV statements wiJl be 
enough). Furthermore, a company report produced by N.E.W.S. can be a 
good starting point for a huther assessment by the employees. Overall, this 
should lead to information on problem companies at an early stage and also 
to a faster and improved evaluation process. Nevertheless, the employees 
should certainly not rely entirely on the outcomes of the system. N.E.W.S. 
only uses some of the potentially relevant factors. Other factors which are not 
incIuded in the system mayalso affect a company's risk exposure. N.E.W.S. is 
nothing more than a tooI that can be useful at the initial stage of the evalu
ation process. An additional assessment by an actual human expert will always 
remain necessary. 

9.2 IMPLICATIONS OF THE INTRODUCTION OF N.E.W.S. WITHIN 
THE ISB 

The current system has been built as a stand-alone application on pc. This is 
not the most ideal situation if it is to be used in the evaluation process. Most 
ISB employees and account managers work with a terminal that is connected 
to a V AX mainframe. The ISB database is also on this V AX mainframe. 
Downloading the necessary data from the ISB database to the pc, and subse
quently transforming it into a format th at can be used by N.E.W.S. is quite 
cumbersome. Furthermore, the likelihood of the employees and account man
agers accepting the system will be larger when the system is integrated into 
the ISB computer network. Therefore, to be really useful N.E.W.S. should be 
converted from a pc environment to a V AX environment, and it should be 
integrated into the ISB computer network. Thus, the N.E.W.S. report on a 
specific company could be automatically shown to the user at the start of the 
verification round for this company.l 

When N.E.W.S. is going to be used in the assessment process, someone 
should be made responsible for support and maintenance. This person should 
be, or become, familiar with the techniques used by the system (statistical 

1 This procedure is similar to the one the ISB uses for the recently introduced 

early warning system for pension funds, called 'Early'. Early, however, presents its 
conclusion (weak, moderate, or strong) without any additional information. The 
conclusion reached by Early is based on the analysis of several ratios by means of 
a combination of a logit model and a fuzzy sets model. 
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modeIs, neural networks, and expert systems) and the system itself. He/she 
sbould be able to answer questions from users. Furtbermore, every once in a 
wbile tbe system will bave to be serviced. Tbe ordered logit model and tbe 
neural network model may bave to be re-estimated due to cbanging con di
tions and/or cbanging insights. Similarly, tbe rules in tbe knowledge base may 
bave to be adjusted, or new rul es may bave to be added to tbe knowledge 
base due to new insigbts. If no person is responsibJe for tbis, tbe system will 
not be kept in good repair, and it may become outdated after some years. 

A problem tbat remains, given tbe fact tbat N.E.W.S. needs data from tbe 
WTV statements in order to reacb a conclusion, is tb at companies may send 
tbeir WTV statements to tbe ISB rather late. According to De Volkskrant of 
17 October 1995, only 27 per cent of non-life insurance companies filed tbeir 
WTV statements in time. If tbe companies that are late are all low-risk, this 
does not pose a real problem. However, in the more likely case that mainly 
bigb-risk companies are late, tbis can be a serious problem. Tberefore, it is 
essential that tbe companies band in tbeir WTV statements in time. If neces
sary, tbe ISB sbould urge (or force, if possible) tbe companies to file their 
WTV statements in time. In tbe worst case, wben all low-risk companies file 
their statements in time and all high-risk companies are too late, and the ISB 
does not take any action before tbe statements have been received, tbe 
practical value of N.E.W.S. will be severely reduced. 

Furtbermore, tbe adage "garbage in, garbage out" applies to N.E.W.S. as 
weU as to any otber model. Tbat is to say, the output of a model can be rea
sonably trusted only if the input can be reasonably trusted. Tberefore, it is 
essential that tbe number of inconsistencies and/or errors in the database is 
kept at an absolute minimum. Of course, it is impossible to have a error-free 
database, especially at an institution like the ISB wbere an enormous amount 
of data from a large number of sources is used. However, if someone finds an 
error or inconsistency in the database, it should be reported and corrected as 
much as possible. 

Tbe introduction of N.E.W.S. into tbe evaluation process of non-life insur
ance companies can bave certain advantages to the ISB. First of all , by partly 
taking over the first stage of the evaluation process, and by focussing atten
tion on potential problem companies, employees and account managers will 
have more time left to perform other important tasks like visiting companies 
for periodical consultations or on-site examinations. Ouring these consulta
tions and examinations, additional information may become available which 
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othelWise would have remained unknown to the ISB. Therefore, the introduc
tion of N.E.W.S. can improve tbe quality of tbe evaluation process and in
crease the ccnfidence in the outcome of this process. 

Furthermore, N.E.W.S . could be used as a training facility for new 
employees. New employees could use the outcome of N.E.W.S. as a bench
mark. As such, this use of N.E.W.S. could lead to a reduction in the time 
more experienced employees will have to spend on their new colleague. 

N.E.W.S. should only be considered as a tooi to support tbe evaluation pro
cess, and the outcome of N.E.W.S. should only be used as a guideline. ISB 
employees should still have the authority to overrule the outcome and to 
grant a high priority to companies that did not receive bigb priority from 
N.E.W.S., and vice versa. After all, N.E.W.S. can make errors. Furthermore, 
not all potentially relevant information is or can be handled by N.E.W.S. It 
only uses a limited number of factors to come to a first rough assessment. 
Although it may be possible to automatize a larger part of the evaluation pro
cess, it will be quite impossible to extend the system so that it can take over 
the full process. Furthermore, if N.E.W.S. were to take over a very large part 
of the evaluation process, the ISB may become too dependent on the system 
as it can lead to a loss of skills and expertise on tbe part of the employees. 

9.3 TOPICS FOR FURTHER RESEARCH 

Although the current vers ion of N.E.W.S., been described in this book, per
forms quite weB, this does not mean that further improvement is impossible. 
The model can be further extended by the introduction of additional 
modules, or parts of the current model could be further refined or improved. 
In particular, the model could be extended by adding rules to the knowledge 
base, introducing fuzzy logic, or adding other methods (such as nonparametric 
statistical c1assification methods) to N.E.W.S. 

First of all, the expert system part of N.E.W.S. is still very elementary. 
The rule base could be further extended by means of additional rules. For 
instance, as discussed in section 8.3, a number of factors were not inc1uded in 
the rule base because the necessary data are currently not available in the ISB 
database. If the ISB decides that iuc1uding these factors in the model is desir
abIe, the necessary information can be collected on a structural basis, and the 
relevant rules can be added to the rule base. 
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Furthermore, apart from the addition of rules tbat can, directly or indirectly, 
intluence the outcome of the model (i.e. the priority of a company for further 
examination), it is of course also possible to add several checks the ISB con
sider useful, but that do not affect a company's priority. Tbe results of these 
checks can then be added to the report. Subsequently, this extra information 
can be used in the remainder of the evaluation process. By automatizing these 
checks, they do not have to be performed by ISB employees anymore. Tbus, 
still a larger part of the current evaluation process can be taken over by 
N.E.W.S., and more time will be made available for the execution of other 
important tasks like company visits. 

N.E.W.S. models part of the evaluation process performed by ISB 
employees. Furthermore, the insurance companies are c1assified into three 
different risk groups based on assessments made by these employees. So, the 
system only uses ISB knowledge and expertise. It would be interesting to 
compare the assessments by ISB employees with assessments made by experts 
outside the ISB, e.g. experts working for rating bureaus or actuarial agencies, 
and to try to incorporate this expertise in the system. 

Tbe current version of N.E.W.S. only considers company-specific factors 
in determining the risk exposure of non-life insurance companies. Browne 
and Hoyt [1995], among others, found that in the US the overall rate of 
insurer bankruptcies is also intluenced by certain factors exogenous to individ
ual companies. Tbeir empirical results support the hypothesis that the eco
nomic and insurance market c1imate intluence the rate of bankruptcy and 
thus the risk exposure of companies. Tbe merits of including factors exoge
nous to individual insurers would be an interesting subject for further 
research. 

The usefulness of the expert system module may be further increased by 
applying fuzzy log ic (see for instance Zadeh (1988] for a short introduction). 
In the current version of the expert system, all rul es are either false or true 
with a one hundred per cent certainty (naturally, under the assumption that 
the rul es are correct), depending on whether or not all conditions are met. 
When all necessary data is available, all conditions can be checked and the 
final conclusions of the system can be deduced, with a one hundred per cent 
certainty, by using the rules of (traditional) logic. 

With fuzzy logic everything, including truth, is a matter of degree. Fuzzy 
logic is concemed with the formal principles of approximate reasoning. 
According to Zadeh (1988, p. 83], fuzzy logic, unlike c1assical logical systems, 
"aims at modeling the imprecise modes of reasoning that play an essential 
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role in the remarkable human ability to make rational decisions in an envir
onment of uncertainty and imprecision." The use of fuzzy rules and fuzzy 
logic in the expert system may make it possible to model the evaluation pro
cess at the ISB more closely. Furthermore, the use of fuzzy rules may make it 
easier to include factors tbat are difficult to quantify like the quality of man
agement and reputation in tbe marketplace. 

A neural network can be regarded as a special type of nonparametric 
statistical metbod (see section 4.4.5). Apart from neural networks and tbe, 
relatively simpIe, recursive partitioning metbod, nonparametric statistical 
metbods are bardly, if at all, applied to tbe classification of financial institu
tions. Tberefore, it would be interesting to compare tbe performance of tbe 
neural network used in tbis study witb tbat of otber sophisticated non para
metde statistical methods like, for example, Multivariate Adaptive Regression 
Splines (or "MARS," see Friedman [1991 D. 

Finally, altbougb N.E.W.S. bas been developed for tbe ~valuation of 
non-life insurance companies, tbe ideas used in tbe process of developing 
N.E.W.S. could also be applied to otber fields. Witbin the ISB, comparable 
systems could be developed to evaluate life insurance companies and pension 
funds. 

One of the main aspects one can learn from this study is, that some
times tbe best way to solve a problem or to support a decision-making process 
is not to use one type of model (such as mathematical models in a DSS or 
rule-based models in an expert system) but to use a combination of models 
within a Knowledge-Based Decision Support System. By using a combination 
of modeis, more potentially relevant factors of a problem can be covered, and 
better results can be generated. Naturally, this idea does not apply to the 
problem of classifying financial institutions only; it can be applied to a wide 
range of problem areas. 
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