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CHAPTER 2 

DECISION MAKING AND DECISION SUPPORT 

The subject of tbis book is a computerized system wbicb can be used by tbe 
ISB to improve tbe supervision of Dutcb non-life insurance companies. The 
system can be used as a tooI to support tbe decision making processes at tbe 
ISB witb respect to insurance company evaluation. Computerized systems use 
programs in wbicb tbe way support can be given bas to be defined. This 
means tbat decision making bas to be defined, and models of tbe decision 
making process bave to be specified. This cbapter will present a number of 
tbeories on decision making. No attempt will be made at giving a general and 
complete overview of tbe field of decision sciences. This cbapter binges main
lyon tbe ideas and tbeories of Herbert Simon. The problem domain wiJl be 
described in terms of tbese tbeories. The tbeories and ideas of Simon bave 
been cbosen because tbey are ratber widely accepted. In fact, Simon received 
tbe Nobel prize for economics, partly for bis work in tbe field of decision 
making. Furtbermore, Simon was one of tbe pioneers to study tbe application 
of computers and artificial intelligence, wbicb is also relevant in tbis study. 

Section 1 introduces tbe concepts and tbeories of tbe decision making 
process. In section 2 tbe same will be done for decision making processes in 
organizations, and tbe current problem domain wiJl be described in terms of 
tbese concepts and tbeories. Section 3 defines two types of modeIs, i.e. con
ceptual and empirical modeIs, wbicb can be distinguished wben (part of) a 
decision making process is modeled. Tecbnological developments in tbe last 
decades bave given rise to the development of computerized systems wbicb 
can be used to support tbe decision making process. Section 4 wiJl give an 
overview of tbese developments, wbile in section 5 special attention will be 
paid to Decision Support Systems. 

2.1 PHASES IN DECISION MAKING 

In bis theory on decision making, Simon [1960] emphasizes not only the 
decision itself, but also the process that led to this decision, whicb involves 
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first solving a problem and tben making a decision . Problem so/ving can tben 
be described as choosing issues that require attention, setting goals, and find
ing or designing suitable courses of action, while 

Ua person is confronted with a probJem when he wants something 
and does not know immediately what series of actions he can per

form to get it." [Newell & Simon, 1972, p. 72] 

Evaluating and choosing among alternative actions is called decision making. 
[Simon et al., 1987, p. 11]. 

Simon [1960] distinguishes between three principal phases in the deci
sion-making process: recognizing the existence of a problem or finding occa
sions for making a decision, finding possible courses of action (or altema
tives), and choosing among different courses of action . These phases are 
called intelligence, design, and choice. 

uGenerallY speaking, intelligence activity precedes design, and 
design activity precedes choice. The cycJe of phases is, however, far 
more complex than this sequence suggests. Each phase in making a 
particular decision is itself a complex decision-making process . The 
design phase, for example, may call for new intelligence activities; 
problems at any given level generate subproblems that, in turn, 

have their intelligence, design, and choice phases, and so on." 
[Simon, 1960, p. 3] 

In a revised edition of [Simon, 1960], Simon [1976, p. 40] added a fourth 
phase to the decision-making process: review. In this phase the outcomes of 
past actions are evaluated. 

The intelligence and design phases can be subdivided into several stages 
[Bosman, 1992, p. 12]. The intelligence phase can be divided into a problem 
identification and a problem description stage. Problem identification means 
searching for significant problems to which (organizational) attentTon should 
be paid. The design phase can be divided into a stage in which alternatives 
are generated (Usearch for alternatives") and a stage in which the alternatives 

are evaluated ("search for consequences") . It isassumed that all phases follow 
sequentially, but with the option to return to an earl ier phase at each transi
tion between two phases. 

One of the tasks of the ISB is to identify companies which are relatively 
weak or which have an excessive risk exposure, and to look for possible cour-
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ses of action to improve the situation of these companies. N.E.W.S. can be 
used to support the intelligence phase of the decision making processes rela
ted to this task. That is, the system can be used to identify problem compa
nies, i.e. companies that require attention. Furthermore, part of the design 
phase, i.e. the search for altemative courses of action, can also be supported: 
by describing why a company is identified as a potential problem company, 
the attent ion of the employees of the ISB can be focused on the weak points 
of a company. Such a list of weak points can function as a lead for determin
ing possible courses of action. 

2.2 DECISION-MAKING PROCESSES IN ORGANIZATIONS 

Bosman [1977, p. 66] describes an organization as a system of production fac
tors that jointly pursue one or more objectives. According to Simon [1976, p. 
xvii], an organization is "the complex pattem of communication and relation

ships in a group of human beings". Organizations can be characterized by a 
division of labor. Members of an organization perform different activities and 
thus have different functions . Within organizations a primary and a secondary 
process can be distinguished. The primary process is the core of any organiza
tion. In the primary process, end products are produced by using production 
factors, tbe usage of whicb is defined by a certain production tecbnology. 
These end products can be eitber goods or services. The ISB belongs to tbe 
service industry. At the ISB tbe primary process is tbe supervision of insur
ance companies and pension funds. The primary process bas to be managed. 

To be able to manage the primary process, the basic structure (cbarac
terized by bierarcbical levels and functions) is complemented by formal and 
informal procedures and mies [Bosman, 1992, p. 5]. These procedures and 
mies establish bow decisions within the organization bave to be made. Witb 
formal procedures the mies that should be obeyed when making a decision 
are laid down and prescribed explicitly. The formal procedures and mIes also 
include the specification of the lines of authority and the spheres of activity 
and authority of each organization member. However, decision-making mIes 
are used to solve problems even when formal procedures and mIes do not 
exist or are not applicable. These mies are not dictated and are of ten barely 
known. These mies are called informal mies. Informal procedures and mIes 
are often based on social or interpersonal relationships and are usually tacitly 
accepted by organizations unless they are counterproductive. In this study, we 
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will focus on tbe formal and, especially, informal procedures and rul es related 
to the evaluation of insurance companies. 

The formal rules related to the evaluation of insurance companies are 
mainly legal requirements. For instance, a company has to meet tbe statutory 
solvency margin required, and the investments of a company have to meet 
certain requirements of diversification. However, the supervisory task of the 
ISB is more than just checking that currently all insurance companies meet 
the legal requirements. Other essen ti al tasks within the primary process of the 
ISB are to assess the continuity of the companies in the future, and to control 
excessive risk exposure by companies. If, in the opinion of the ISB, the con
tinuity of a company is in danger or if a company has an excessive risk expo
sure, then the ISB should take immediate action. How to determine whether 
the continuity of a company is in danger or whether a company has an excess
ive risk exposure has not (or hardly) been laid down in formal rules and pro
cedures. 

Therefore, the actual evaluation of insurance companies during the 
assessment rounds, which is the primary process at the ISB, is based mainly 
on informal procedures and rules. There are no detailed formal procedures 
and rules that inform ISB employees or account managers what aspects 
should be included in the analysis and in what way, or what they should 
decide when they observe certain values for certain variables for an insurance 
company. Therefore, the way in which a company is evaluated can differ, 
depending on the person who performs the analysis. N.E.W.S. especially aims 
at supporting the part of the primary process which involves the application 
of informal rul es and procedures. 

In fact, this study supports several decisions that have to be made within 
the primary process at the ISB. First, the employees have to decide on the 
sequence of the evaluation of the insurance companies. At present, this decis
ion is based on the history of the company and past experiences of employees 
and account managers with a particular company, and on a solvency check 
during the verification round. A computerized system, which is able to com
bine a company's history, a solvency check, and an analysis of the financial 
statements to generate the priority for a specific company can be a very useful 
tooI for supporting this decision. 

The second important decision to be made by employees and account 
managers during the primary process and that may be supported by a compu
terized system, is what to do at the end of the assessment round, i.e. af ter a 
thorough analysis of the financial statements an ISB employee or account 
manager will have to decide which actions, if any, to take next. He or she can 
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ated decide to do notbing, request more information, visit tbe company, take 
immediate act ion or not, etcetera. Furthermore, same decisions can be made 

. are by one single employee, whereas other decisions will have to be made after 
ltOry conferring with the account manager responsible for this particular company. 
neet The evaluation of insurance companies is based mainly on a number of 
: the informal procedures, which may differ somewhat for different ISB employees 
neet and account managers. Important informal procedures can be formalized by 
f the incIuding them in a computerized system. In particular, rule-based expert sys-
otrol tems are very adequate for handling these informal procedures. IncIuding the 
con- main informal procedures within the system will increase the uniformity 
:xpo- within the evaluation process and may increase the objectivity of the fin al 
~ther decision. 
cess- N.E.W.S., the computerized system which is the subject of this study can 
pro- change the division of labor within the primary process at the ISB. Some of 

the activities of the people who perform the verification and the assessment 
the rounds will be supported by the system, and some of (but certainly not all) 

ainly these activities may even be taken over by the system. The effect of the sys-
lures tem on the activities of the account manager during the fin al assessment 
pects round will , probably, be less significant. 
lould 
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When computers are used to prescribe or support a decision-making process, 
the relevant part of the process has to be mode\ed. Bosman and Sol [1985] 
distinguish between conceptual and empirical modeIs. Conceptual models de
fine a problem using a context in the form of a paradigm or world-view and a 
construct paradigm for the specification. In this specification, depending on 
the type of model (mathematical, rule-based, or simulation), the relevant ele
ments are represented by variables, words, or entities, and relationships 
between these variables, words, or entities are defined. Thus, conceptual mod
els define the elements of the problem and their relationships. In chapter 6 
the conceptual model of the current problem domain is described as a num
ber of factors which (can) influence the risk exposure of a non-life insurance 
company. 

Conceptual models are data void; they do not directly refer to an actual 
prob\em. If a problem has to be solved in reality, the conceptual model must 
be transformed into an empirical model. Such an empirical model can be a 
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mathematical, a rule-based, or a simulation model. Empirical models define 
reality by means of a specification of the relevant variables, words, or entities, 
and the relationships between these variables, words, or entities, and (for ma
thematical modeIs) by means of a numerical specification of the parameters. 
Models which are implemented on a computer are almost always empirical 
modeis. 

Conceptual models make it possible to recognize problems earl ier and 
reduce the time required to make a preliminary analysis of the problem con
cemed. Thus, these models support the intelligence phase of the decision
making process. The use of a conceptual model in practical situations implies 
a transformation of the conceptual model into an empirical one. In this study, 
two mathematical models (a logit model and a neural network) and one rule
based model are used to transform the conceptual model into an empirical 
model. Some of the reasons why these models were selected are presented in 
chapter 1. The reasons why simulation models are not used will be given in 
chapter 6. 

2.4 THE HISTORICAL DEVELOPMENT OF INFORMATION TECHNOL
OGY 

Technological developments in the past decades, in particular in Information 
Technology (IT) and Artificial Intelligence (AI), have given rise to the devel
opment of computerized systems that can be applied in assisting management 
in making the right decisions. The applicability and sophistication of these 
systems increased dramatically since the early days of computerization. It is 
therefore interesting to investigate the usefulness of these computerized sys
tems in supporting the decision-making processes at the ISB. This section will 
focus on the historical developments in IT. The historical development of AI 
will be addressed in chapter 5. 

Information Technology is the comprehensive term for hardware, soft
ware, and services relating to the processing, storage, and communication of 
information [Stegwee, 1992, p. 15] . The developments in IT have led to the 
introduction of Concrete Information Systems into organizations. A Concrete 
Information System (CIS) consists of four components [Stegwee, 1992, p. 15]: 

• an organizational component, consisting of people and procedures; 
• a technical component, consisting of hardware and systems software; 
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• a software component, consisting of application programs; and 

• a data component, i.e. databases. 

Because of the general applicability of large parts of the hardware, the data
bases and, to alesser extent, tbe software, several subsystems can be disting
uisbed witbin a CIS. These subsystems will be referred to as Information 
Systems (IS)'. 

In the historical development of CIS tbree phases can be identified 
[Sprague & Carlson, 1982, pp. 6-9]. Firstly, tbe Electronic Data Processing 
(EDP) pbase. Started in tbe 1950s, EDP was mainly concerned witb data pro
cessing and retrieval. It was first applied to tbe lower organizational levels to 
automate tbe data processing of financial transactions. The primary goal was 
to improve efficiency and reliability of data tlows. In tbis pbase, tbe computer 
was a typical processor of data. It could rapidly and accurately process great 
volumes of transaction documents sucb as payroll cbecks and sales orders. 
Essentially, EDP automated routine financial administrative tasks. 

Secondly, the Management Information System (MIS) phase. MIS were 
developed during tbe 1970s to transfarm raw data into information suitable 
for management. The focus was on the aggregation of data and on making it 
available tbroughout an organization. These systems focused on tbe secondary 
process at tbe tactical and, sometimes, tbe strategical level of organizations. 
In tbe MIS pbase periodical reports were developed, which were tbougbt to 
be relevant to decision making. Also, algorithms were developed for solving 
certain well-structured probJems2

• MIS provided a new (higher, integrated) 
level of information to serve management needs, but were still very mucb ori
ented to, and built upon, information f10ws and data files . 

I In the literature, there is no consensus about whether or not to add an 's' to the 

plu ral of abbreviated words. I will not use the additional s to indicate the plu ral. 
In most cases, one can deduce from the context whether an abbreviation is plu ral 
or singular. 

2 In the literature on problem solving, two polar types of problems, forming the 
extremes of a continuum of types, are of ten distinguished: well-strnclured problems 
and ill-strnctured problems [Klein & Methlie, 1995, p. 113). Well-structured prob
lems refer to decision-making processcs that are routine and repetitive; that is, a 
definite procedure has been worked out for handling these problems so that they 
are no longer new each time they occur. Ill-structured problems refer to situations 
in which there is no known and c1ear solution sincc the problem arises for the very 
first time, since the very nature of the problem is complex and unclear, or since it 
is so very important that it requires a tailor-made treatment. 
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Thirdly, the Decision Support System (DSS) phase. The DSS concept 
evolved in the late 1970s. OSS concentrate on providing (active) support in 
the decision-making process. A OSS can be defined as: 

nA computer program that provides information in a given domain 
of application by means of analytical decision models and access to 
databases, in order to support a decision maker in making decisions 
effectively in complex and ill-structured tasks." [Klein & Methlie, 
1995, p. 112] 

The hallmark of OSS is that "they are intended to interact with and enhance 
the special mental capabilities of the user, thereby facilitating leaming, creativ
ity, and the development of decisions rather than merely replacing or sim ula
ting an entire human function" [Young, 1989, p. 8]. OSS will be treated in 
more detail in the next section. 

2.5 DECISION SUPPORT SYSTEMS 

With OSS "a computer system is placed at the disposal of the decision maker, 
who may use data or models to recognize, understand, and formulate a prob
lem, and make use of analytical aids to evaluate alternatives" [Klein & 
Methlie, 1995, p. 1] . 

Four levels of technology (hardware/software) can be distinguished 
within OSS [Sprague & Carlson, 1982, pp. 10-12; Young, 1989, pp. 54-57; 
Bosman, 1992, pp. 31-32; Stegwee, 1992, pp. 25-26]: specific OSS, OSS gen
erators, generic OSS, and (OSS) tools. These levels vary in nature and in the 
scope of the tasks to which they can be applied. 

Specific DSS are the hardware and software combinations that allow a 
specific decision maker or group of decision makers to deal with an empirical 
model of a problem. The actual supporting is done by a specific OSS. 

A DSS generator is a package of hardware and software that provides a 
set of capabilities for quickly and easily building a specific OSS. These cap a
bilities should at least consist of facilities for building a conceptual model and 
an empirical model of a problem. 

A generic DSS is designed on the basis of a conceptual model of a spe
cific class of problems. In a generic OSS the models and techniques to be 
used are given, but the empirical data are missing. In order to build a specific 
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DSS from a geDeric DSS, the cODceptual model has to be tumed mto aD 
empirical model by providing the empirical content. 

Tools are the most fundamental level of technology applied to tbe deveJ
opment of DSS. Tools are hardware or software elements, which facilitate the 
development of a specific DSS, generic DSS or DSS generators. An example 
of a tooI is a programming language such as PASCAL or C, which can be 
used to specify the specific DSS wben no DSS generator is available. Other 
examples are a word processor to process texts for reports, a database man
agement system (DBMS) to enable the decision maker to obtain and consult 
data, a statistical package to analyze data, a spreadsheet program to handle a 
mathematical model of the problem, and, most important, a language to 
enable the decision maker to approacb the dis tin ct packages. Tberefore, most 
DSS tools are just ordinary tools, which can also be used separately from a 
specific DSS or a DSS generator. 

A DSS (generic or generator) requires at least tb ree components: a dialog 
subsystem, a data subsystem, and a models subsystem. 

An important subsystem is tbe dialog subsystem or user interface. From 
the DSS users' point of view, the interface is the system. The dialog subsys
tem takes care of the communication between the user and the system. 

Tbe data subsystem contains facilities to extract data from tbe databases 
of the organization. These data are needed as an input for a specific DSS. 
However, quite often not only intemal data (i. e. data from within tbe com
pany) are needed but also data from extemal sources, e.g. data on the general 
state of the economy and the industry. Furtbermore, tbe nature of DSS re
quires th at the extraction process and the DBMS tbat manage the process are 
flexible enough to allow for rapid additions and changes in response to 
unanticipated user requests. For these reasons, very often much more is re
quired with respect to th is component than to a 'regular' DBMS, which is 
used for consuIting the (normal) transaction databases in an organization. 
Tberefore, it is of ten necessary to create a DSS database tbat is logically sep
arate from other operational databases in order to not disturb tbe perfor
mance of tbe CIS of an organization. 

Tbe models subsystem contains methods in the shape of programs, which 
enable the decision maker to create a conceptual and an empirical model of 
the problem in the specific DSS. Possible methods are: programs for creating 
mathematical modeIs, simulation modeIs, and statistical programs. 
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A problem with OSS generators is the fact tbat tbey are rather genera!. A 
DSS generator provides a (large) number of metbods, wbicb can be used for 
building a specific OSS. This makes tbem very t1exible. However, wben build
ing a specific OSS, tbe decision maker bas to decide on tbe metbods to use, 
and be or sbe bas to build tbe conceptual and empirical model of tbe prob
lem domain. The amount of time and effort needed for tbis limits tbe applic
ability of OSS generators. This problem does not exist witb respect to generic 
DSS. Witb generic OSS, tbe conceptual model and tbe metbods are pre
specified. The decision maker bas to provide tbe relevant empirical data only. 
Generic DSS are less t1exible since just one type of problem can be solved. 
However, witb generic OSS tbe amount of time and effort required from tbe 
decision maker in order to develop a specific OSS is reduced in comparison 
witb DSS generators. 

It is very difficult - botb tbeoretically and practically - to prove tbat tbe 
effectivity of tbe decision-making process has been improved by the introduc
ti on of a specific OSS. Apart from this problem, tbere are still some otber 
problems tbat question tbe effectivity of the support provided by a specific 
DSS [Bosman, 1992, pp. 40-41; Klein & Metblie, 1995, p. 3] . First, in tbe OSS 
concept empbasis is placed on information access and display, and on nume
ric computations by mathematical modeis. However, problem solving and 
decision making does not solely involve data retrieval and numeric calcula
tions. Matbematical models are inadequate to describe informal rules. How
ever, informal rules are an important factor in many decision-making proces
ses. Second, tbe databases available witbin an organization cannot adequately 
supply tbe data required for most iII-structured problems. Special OSS data
bases are barely available. Third, tbe support given by a specific OSS is 
Iimited to tbe intelligence and choice phases of the decision-making process. 
The generation of alternatives (i.e. the design phase) is not supported. 

Wbat is needed to support decision making is na system which can pro
cess data and numeric relationships and, by reasoning, transform this data 

into opinions, judgment, evaluations and advice" [Klein & Methlie, 1995, p. 
3] . In order to reach tb is goal, tbe system should be able to explicitly identify 
tbe informal rules used by tbe decision maker or tbe environment. A type of 
model tb at is especially adequate for this is the rule-based model or expert 
system. Rule-based models are, however, not very good at bandling tbe c1as
sical OSS (computational) functions . Therefore, expert systems should be 
integrated with tbe classical OSS systems. Systems based on the paradigm of 
decision support but tbat also incorporate specialized knowledge and exper
tise (or informal rules) into the system are called Knowledge-Based Decision 
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a\. A Support Systems (KB-OSS) [Klein & Methlie, 1995, p. 3]. Expert systems and 
d for KB-DSS are the subject of chapter 5. 
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2.6 SUMMARY 

The decisioo-making process cao be divided into three phases: intelligence, 
design, and choice. N.E.W.S., the computerized system which is the subject of 
th is study, can be used to support the intelligence phase, i.e. the identificatioo 
of problem companies, and part of tbe design phase, i.e. tbe search for alter
native courses of action. The process that N.E.W.S. supports, the evaluation 
of insurance companies, is the primary process at the ISB. Within tbis pro
cess, informal procedures and rules are extremely important. The classical 
decision support systems are not adequate eoough to handle these types of 
procedures and rules. However, if the classical DSS approach and the expert 
systems approach are combined into a Knowledge-Based Decision Support 
System (KB-DSS), adequate support is possib1e. N.E.W.S. will, therefore, be 
based on the KB-DSS paradigrn . 






