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Abstract 

The birth of Expert System Technology occurred over thirty years ago with the 

introduction of'Dendral' to the chemical industry. Since then over 12,500 expert 

systems have been developed for many different types of application. 

This paper examines several of these systems and uses the resulting analysis to identify 

eight key benefits that expert system technology can afford the Insurance Industry. 

Further to this identification, the paper suggests a product ideally suited to incorporate 

such benefits, and documents the method for developing such a product. 

Finally, having established the necessity of the Insurance Industry to embrace expert 

system technology, the paper examines the importance of this technology within the 

commercial sector in general, where it is concluded that it has a significant role to play 

both now and in the future. 
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1.0 Introduction ~~j~K~~ 
This dissertation examines the state of expert system technology within the 

commercial community. This examination involved thorough research of the 

evolution of expert system technology from its beginnings, almost forty years 

ago, up to the present day. 

This research, the findings of which are documented throughout the report, 

served as the basis with which to answer the research question posed in the 

dissertation, namely: 

What benefits can expert system technology offer the Insurance IndustJy? 

The research question is considered worthy of extensive analysis because of 

the deficiencies present in many insurance companies today. These 

deficiencies must be eradicated if insurance companies are to survive in, what 

is becoming, an increasingly competitive market. 

The primary objective of this dissertation is to establish what benefits expert 

system technology can bring the Insurance Industry, and to provide and 

document an example of how these benefits can be achieved in practice. 

To achieve this objective the dissertation is structured in the following 

naturally progressive manner. 

After a formal declaration of the project aims and deliverables, Chapter two 

gives a brief review of expert systems to afford the reader clarity for the 

remainder of the dissertation. 

Chapter three catalogues the evolution of expert system technology and 

depicts the state of the art within the field today. 
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Chapter four answers the research question, citing examples where necessary, 

and examines the validity and worthiness of the research question. 

Chapter five documents the development and testing strategy of the software 

product that accompanies this dissertation. 

Chapter six concludes by summarising the main aspects of the dissertation, 

and comments on the level of success achieved regarding the original aims 

and objectives of the project. 
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1.1 Project Objectives 

• To gain a thorough and professional understanding of 'Expert Systems' 

via effective research techniques. 

• To combine this understanding with the knowledge and techniques learned 

from all course modules, to develop a software product that offers a 

practical representation of the research findings. 

• To develop a research theory that is commercially and academically 

extensible. 

• To utilise and develop aspects of my third year project, 'Natural Language 

Processing', to assist in developing an explanation subsystem which will 

allow smooth communication between the user and the end system. 

• To comply with all project requirements, as per the Project Guideline 

document, in a timely and efficient manner. 
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1.2 Preface 

The emergence of Expert System technology took place over thirty years ago, 

an event well summarised by Stylianou and Durkin. 

"Expert Systems (ES) originated from work in Artificial Intelligence (AI) 

laboratories. They are considered one of the most successful branches of AI, 

a publicised and celebrated discipline within computer science. Expert 

Systems contain a high density of problem solving knowledge in a particular 

application domain - this knowledge allows Expert Systems to behave as the 

human expert(s) from which the knowledge was derived" (Stylianou, 1992) 

"During the mid sixties, Researchers at Stanford set into motion a series of 

events that would give birth to a new industry in the field of computer science. 

Their aim was to develop a computer program (later called Dendral) that 

could elucidate the structure of complex molecules from mass spectrograms at 

a performance level rivaling that of human experts. Their approach, which 

was unique at the time, was to encode knowledge obtained from an expert 

Chemist and use it as the driving force of the program. The projects success 

highlighted for the first time that an intelligent computer program could be 

developed when the emphasis was on what the program knew about the 

problem, rather than on clever search algorithms. The era of the expert 

system had begun." (Durkin, 1996) 
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2.0 A Brief Review of Expert Systems 

An expert system is a computer program that uses Artificial Intelligence to 

solve problems within a specialized domain. 

The most publicised expert system is MYCIN. MYCIN was developed in the 

1970s and was responsible for diagnosing blood infections and recommending 

subsequent treatment. 

(www.cee.hw.ac.uk/~alisonlai3notes/section2 5 5.html, May 2001) 

Diagnosis is not the only type of problem suited to expert system solution. 

Other problem types that can be solved by expert systems include: 

Problem Type Description 

Control Governing system behaviour to meet specifications. 

Design Configuring objects under constraint. 

Diagnosis Inferring system malfunctions from observables. 

Instruction Diagnosing, debugging, and repairing student behaviour. 

Interpretation Inferring a situation description from data. 

Monitoring Comparing observations to expectations. 

Planning Designing actions. 

Prediction Inferring the likely consequences of given situations. 

Prescription Recommending solutions to system malfunctions. 

Selection Identifying the best choice from a list of possibilities. 

Simulation Modeling the interaction between system components. 

(Durkin, 1996) 
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The following series of quotes, taken from www.brittania.com. describes the 

motivation for developing expert systems and introduces two main 

components of an expert system: a knowledge base and an itifetence engine. 

"The motivation for constructing expert systems is the desire to replicate the 

scarce knowledge of specialists so that it can be readily used by others" 

(www.britannica.com. April200i) 

"In order to accomplish teats ot apparent intelligence,- an expert system relies 

on two components: a knowledge base and an inference engine. A knowledge 

base is an organised collection of facts about the systemfs domain. An 

inference engine interprets and evaluates the facts in the knowledge base in 

order to provide an answer" (www.britannica~cnm. April 2001) 

"Facts for a knowledge base must be acquired from human experts through 

interviews and observations;' (www.britannica.com. April 2001) 
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2.1 Knowledge Acquisition 

Knowledge Acquisition is the capture and formalisation of an experts' full 

level of knowledge regarding a particular domain of discourse. 

The diagram beneath presents a simplified model of the knowledge 

acquisition process. 

(Adapted from: Luger & Stubblefield, page 216) 

Define problems and goals 

DeSign and construct prototype 

Te;tluse system 

Analyse and correct shortcomings 

System 
Passed 
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Knowledge Acquisition is the most difficult aspect of constructing an expert 

system because knowledge, with respect to human expertise, can be very 

difficult to quantifY. 

Knowledge is difficult to quantifY because it cannot be proven if knowledge 

arises from experience or from innate reasoning ability, and because 

knowledge changes as new ideas about the same set of facts arise. 

(http://whatis.techtarget.com!definition. May 200 1) 

Human skill is often inaccessible to the conscious mind and delivery of skills, 

such as a surgeons' dexterity, are to a great extent practice driven. Another 

factor that compounds the difficulty of krtowledge acquisition is that expertise 

changes. Not only do human experts gain new knowledge, but also existing 

knowledge may be subject to radical reformulation, as evidenced by ongoing 

controversies in both scientific and non- scientific fields. 

(Luger & Stubblefield, page 217) 

Other factors which can hinder the acquisition of knowledge, include: 

• System development costs increase the more time is taken to consult with 

an expert. 

• The knowledge engineer has to undergo certain levels of training before 

he/she can comfortably converse with the domain expert. 

• It can be difficult for domain experts to impart their knowledge in 

everyday language because of the specialist nature ot the problem. 

• Even in limited domains, human expertise will still be linked to much 

common sense knowledge, which is difficult to simulate. 

• Precise mathematical definitions of facts are not always possible. 
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• Interview and questionnaire techniques are often incomplete. A subject 

will often omit something that they see as very obvious, but the omission 

may be a critical factor for the system. 

The activity of Knowledge Acquisition is the responsibility of the Knowledge 

Engineer. Specifically, the Knowledge Engineer's duties should include: 

• Extract the required knowledge from the expert and implement the 

knowledge in a correct and efficient knowledge base. 

• Collaborate closely with the expert and end users. 

.. To extract knowledge from the expert the knowledge engineer must first 

become familiar with the problem domain, perhaps by reading 

introductory texts or talking to the expert. 

• After this, more systematic interviewing of the expert begins. 

.. Typically experts are set a series of sample problems, and will explain 

aloud their reasoning in solving these problems. 

.. The knowledge engineer will abstract general rules from these 

explanations, and check them with the expert. 

(Carr, 1999) 

If the knowledge engineer does not capture the expert's full1evel of 

knowledge of the domain in question then the system will fail to offer an 

adequate representation of the expert and his/her associated knowledge. 

The stages of knowledge acquisition, (Jackson, 1999), that knowledge 

engineers should conform to are listed in the next section. 
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2.2 Stages of Knowledge Acquisition 

Identification: 

At this stage it is necessary to identifY the class of problems that the system 

will he expected to solve, including the data with which the system will work, 

and the criteria that solutions must meet. It is also necessary to identifY the 

resources available for the project, in terms of expertise, manpower, time 

constraints, computing facilities and money. 

Conceptualisation: 

Having identified the data with which the system will work, it is then 

necessary to uncover the key concepts and the relationships between the data 

identified. This should include a characterisation of the different kinds of 

data, the flow of information and the underlying structure of the domain. 

Formalisation: 

The conceptualisation phase should be followed by an attempt to understand 

the nature of the underlying search space, and the character of the search that 

will have to be conducted. Important issues include the certainty and 

completeness of the information, and other constraints upon the logical 

iJiterpretation of the data, such as time dependency, and the reliability and 

consistency of different data sources. 

Implementation: 

In turning a formalisation of knowledge into a runnable program, the primary 

concern is the specification of control and the details of information flow. 

Rules will have to be expressed in some executable form under a chosen 

control regime, while decisions must be made about data structures and the 

degree of independence between different modules of the program. 
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Testing: 

The evaluation of expert systems is far from being an exact sCience, but it is 

clear that the task can be made easier if one is able to run the program on a 

large and representative sample of test cases. Common sources of error are 

rules, which are either missing, incomplete, or wholly incorrect, while 

competition between related rules can cause unexpected bugs. 

Having completed the necessary stages of knowledge acquisition it is then 

important to pay particular attention to the design of the system itself, and to 

choose the roost appropriate shell. 
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2.3 Shell Choice and Evaluation 

"An expert system shell is software containing a collection of capabilities that 

enable users to develop expert systems. Shells contain knowledge

representation structures necessary to capture and structure expertise; an 

inference engine facilitating use of that expertise; development tools which 

the knowledge engineer can use to capture, understand, and manipulate 

knowledge; an interface used by the end user to provide input and examine the 

systems' conclusions; and mechanisms interfacing the expert system with 

other software systems." (Stylianou, 1992) 

The choice, or development, of a suitable shell is crucial to the successful 

development of any expert system. There are several criteria that must be 

considered, which fall under the following categories: 

• End-User Interface Criteria. 

• Developer Interface Criteria. 

• System Interface Criteria. 

• Inference Engine Criteria. 

• Knowledge Base Criteria. 

(Stylianou, 1992) 

These categories are the most important areas of expert system development 

that must be given consideration, and they form part ofStylianou's Shell 

Evaluation Framework as shown in figure 2.1. 
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Figure 2.1 
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If the end-users' requirements are not catered for it is quite possible for the 

project to fail. Developers must know prior to development who the end

users are, as well as their respective capabilities. Displays should be 

unambiguous and concise. Where necessary the system should be able to 

output meaningful error messages. 

Developer Interface Criteria: 

The source code of the shell must be available to the developer to allow for 

any necessary adjustments or improvements to the system as required. All 

code should be modular in nature and well commented. Fully complete 

supporting documentation must be accessible to all who require it. 

An explanation subsystem is vital. If a system has the ability to explain and 

justify its' conclusions, this will result in increased levels of user confidence. 

Preferably the explanations given should be in free format English as opposed 

to offering a basic rule dump. For example MYCIN's ability to state why a 

given treatment was being recommended was preferable to an ambiguous rule 

dump. (www.cee.hw.ac.uk/~alisonJai3notes/section2 5 5.html, May 2001) 

System Interface Criteria: 

The chosen shell should be written in a language such as 'C' in order to 

increase speed, portability, and compatibility with other existing software 

packages. The shell must offer the required level of security, e.g. if necessary 

hide the source code and knowledge base details from the end-user. 
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Inference Engine Criteria: 

The choice here is whether to adopt aforward chaining or backward chaining 

strategy. 

"Forward Chaining is one of several inferential control strategies that use 

existing or newly deduced data to trigger future deductions and conclusions 

about the data. Forward chaining in rule-based systems begins by triggering 

all of the rules whose "if clauses" are true. It then uses the facts it has 

established to determine what additional rules might be executable because 

their "if clauses" are satisfied. The process is repeated until the program 

reaches its' goal or runs out of new possibilities. This technique is typically 

used for state-space search or data directed reasoning." 

(Hayes-Roth & Jacobstein, 1994) 

"Backward Chaining is another inferential control strategy that works from 

goals to what is already known or needs to become known to satisfy those 

goals. Back chaining is initiated when (1) a user establishes some goal to be 

sought and (2) the system identifies one or more rules whose consequents 

would satisfy the goal. The matching goal is triggered, and if none of the 

conjuncts in its' antecedent clause is already known to be false, the system 

establishes sub goals. This leads the system to evaluate other rules that would 

confirm the "if clause" conjuncts. Thus the system works back through its' 

rules until a question is asked or a previously stored fact or belief is found. 

Back chaining is typically employed in problem reduction or goal directed 

approaches to problem solving." (Hayes-Roth & Jacobstein, 1994) 
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Generally a backward chaining system runs faster for problems in which the 

user seeks to select from a list of possible outcomes e.g. MYCIN 

(www.cee.hw.ac.ukl~alisonlai3notes/section2 5 5.html, May 2001). 

Forward chaining systems perform better where a body of data must first be 

assembled to perform a task e.g. Fraudwatch (Brown, 1995). The inference 

engine must also have appropriate levels of conflict resolution, and be able to 

accommodate uncertainty and establish certainty factors where required. To 

achieve this the inference engine will use metaknowledge derived from 

methods such as Case-Based Reasoning. 

Knowledge Base Criteria: 

The majority of shells use production rules (Carr, 1999) as their primary 

knowledge representation technique. Knowledge may be represented in forms 

such asframes, scripts or semantic networks (Carr, 1999). Induction shells 

are sometimes required, but these are generally restricted to developers with 

little programming experience, as they are conducive to incrementalleaming 

and highlight any rule inconsistencies. Induction, however, is not suited to 

shells that are required to solve complex problems, as too many conflicts will 

exist, and too many inconsistencies would have to be highlighted. 

It should be noted that induction and deduction are two distinct forms of 

reasoning. Inductive conclusions are derived from the basis of inconclusive 

evidence, whereas deductive conclusions are derived from the basis of 

conclusive evidence. 
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2.4 Suitability of Expert Systems 

Not all problems are suited to Expert System solution, and as such a 

problems' suitability should be assessed prior to system development. The 

following guidelines can be used for such an assessment: 

• The need for a solution must justify the costs involved in development. 

There must be a realistic assessment of the costs and benefits involved. 

• Human expertise is not available in all situations where it is needed. If the 

expert knowledge is widely available it is unlikely that it will be worth 

developing an expert system. 

• The problem may be solved using symbolic reasoning techniques. It 

should not require manual dexterity or physical skill. 

• The problem is well structured and does not require (much) cornmon sense 

knowledge. Common sense knowledge is notoriously hard to capture and 

represent. It turns out that highly technical fields are easier to deal with, 

and tend to involve relatively small amounts of well-formalised 

knowledge. 

• The problem cannot be easily solved using more traditional computing 

methods. 

• Cooperative and articulate experts should exist. 

• The problem is of proper size and scope. Typically you need problems 

that require highly specialised expertise, but would only take a human 

expert a short time to solve. 

(Carr, 1999) 

19 



3.0 State of the Art in Expert Systems 

"The birth of expert systems began with optimism and hope. Visions of 

powerful knowledge processing programs fulfilling numerous difficult human 

decision-making tasks were abundant in the early days." 

"As the initial systems emerged, flexing their power, these visions appeared to 

be approaching reality. Later reports also pointed to successes that fortified 

this belief However, some critics have recently pointed out the technology's 

shortcomings in producing meaningful results, or the recent decline in the 

field. So what is the truth?" (Durkin, 1996) 

This section of the report will answer this question by reviewing the state of 

expert systems in industry today with regard to the following areas: 

• How many systems have been developed? 

• Where is the development taking place? 

• How is the technology being used? 

• Overall state of the field. 
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3.1 How many systems have been developed? 

According to research conducted by John Durkin in 1996, there were up to 

12,500 expert systems in use in varying application areas. 

Application Type % Example of Application Type expert system 

Agriculture 4% Cuptex (potato.c1aes.sci.eg, May 2001) 

Business 12.5% EvEnt (Durkin, 1996) 

Chemistry 2% Dendral (Durkin, 1996) 

Communications 1% Prism (Allen, 1994) 

Computers 5% Xcon (Durkin 1996) 

Education 3.5% GElAAM (mtm.ufsc.br/~c1eide, May 2001) 

Electronics 4.5% Exlog (Mizoguchi & Motoda, 1995) 

Engineering 6% Kajima (Mizoguchi & Motoda, 1995) 

Environment 4.5% GEOTEX (ouQ-usa.org, May 2001) 

Geology 2.5% GI2EXS (www.ursus.maine.edu, May 2001) 

Image Processing 1% Canon (Hayes-Roth & Jacobstein, '94) 

Information Mgt. 3% NKK (Mizoguchi & Motoda, 1995) 

Law 2.5% ICOT (Mizoguchi & Motoda, 1995) 

Manufacturing 12% Japan Tobacco Inc. (Mizoguchi, Motoda, '95) 

Mathematics 1% MACSYMA (www.ask.com, May 2001) 

Medicine 12% MYCIN (www.cee.hw.ac.uk, May 2001) 

Meteorology 1% TAUM-METEO (cdacindia.com, May 2001) 

Military 5% Pentagon (Chorafas, Page 75) 

Mining 1% Prospector (Durkin, 1996) 

Power Systems 6% Hitachi (Mizoguchi & Motoda, 1995) 

Science 1% Extrusoft (www.extrusystem.com, May 2001) 

Space Technology 5% TEXSYS (olias.arc.nasa.gov, May 2001) 

Transportation 4% T.S.P. (Mizoguchi & Motoda, 1995) 
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3.2 Where is the development taking place? 

Durkin's research also showed that the predominant role of expert systems 

within these application areas is that of diagnosis, as shown in the table 

beneath. 

Control 5% 

Design 10% 

Diagnosis 30% 

Instruction 5% 

Interpretation 16% 

Monitoring 7% 

Planning 8% 

Prediction 3% 

Prescription 11% 

Selection 2% 

Simulation 3% 

(The percentage of expert system applications by problem type) 

The reason suggested for this is the relative ease of developing diagnostic 

systems. Most diagnostic problems have a finite list of possible solutions and 

a limited amount of information needed to reach a solution. These bounds 

provide an environment that is conducive to effective system design. 

The large percentage can also be traced to the practical considerations of 

introducing a new technology into an organisation. Most organisations prefer 

to take a low-risk position when considering a new technology. So, they 

prefer projects that require the minimum resources and have the maximum 

likelihood of success. Because diagnostic systems are relatively easy to build, 

they are attractive to firms venturing into the field. 
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The drop-off from the large number of diagnostic applications to that of some 

other problem types is dramatic. Two reasons help explain this result. First, 

tasks such as design and planning are difficult to implement in an expert 

system because their steps vary greatly between application areas, and it is 

often hard to precisely define these steps. 

Second, tasks such as instruction, control, and simulation, although they are 

excellent areas for expert system applications, are relatively new ventures. 
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3.3 How is the technology being used? 

The development of expert systems during the seventies was limited to a 

select few because of the restrictive hardware costs of the time, and the 

limited skills available with regard to programming skills in languages such as 

Lisp and Prolog. 

The eighties saw the advent of the easy-to-use expert system development 

shell. These shells were built to run on platforms ranging from pes to 

mainframes. The opportunity to develop expert systems was now in the hands 

of many individuals from all disciplines. 

"This resulted in the technology better aligning itself with the needs of the 

Business and Industrial sectors. Typically, managers do not want to purchase 

special-purpose AI workstations requiring Lisp programmers. Such steps are 

costly, inhibit the growth of systems in the organisation, and often result in 

stand-alone products that are difficult to integrate with existing computer 

facilities. Managers want easy-to-use expert system development software 

that they can easily integrate into existing hardware and software. Today's 

powerful but easy-to-use shells meet the needs of most managers and have 

helped spur expert system development." (Durkin, 1996) 
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3.4 Overall State of the Field 

"During the eighties, over two-thirds of the Fortune 1000 companies applied 

expert system technology to their daily business activities." (Durkin, 1996) 

Such success lead to expert system technology being mooted as a possible 

solution to more difficult problems, in particular, problems that, if solved, 

would benefit the commercial sector. 

Initial attempts to solve such problems met with little success. Durkin cites 

three reasons for this lack of success: 

• Early applications of expert systems in industry often over -challenged the 

technology, leading to poor results. Fascinated by the notion of machines 

that could think, many designers tried to build systems to solve problems 

that were beyond even the best experts. The thinking was: "Well we can't 

solve this problem, so let's try throwing AI at it." 

• Other designers often took on a project whose scope was so broad, that 

completing it in a reasonable time frame was impossible. 

• Some designers developed remarkably intelligent systems, however, the 

development was often divorced from an understanding of the clients' 

need to integrate the system into existing hardware and software, e.g. the 

incompatibility of Lisp machines and IBM mainframes. 

(Hayes-Roth & Jacobstein, 1994) 

Once the limitations of expert systems were exposed, the associated irrational 

exuberance relating to the capabilities of expert systems waned and designers 

began to focus on more specific and well-defined tasks. 
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The field of expert systems has now found its' niche after some initial 

turbulence, and its' current status is well summarised by Hayes-Roth and 

Iacobstein. 

"Knowledge systems are an essential weapon in the global drive for faster 

product development and service delivery, higher quality, and decreased costs. 

The economics of productivity point directly toward distributing expert 

knowledge on demand via high-bandwidth networks." 

"Increasingly, the application of knowledge has become the essential 

competitive advantage between corporations and even nations. Expert 

systems will playa central role in the reengineering of corporate, government, 

healthcare, and educational institutions for higher productivity and 

competitive performance." 
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4.0 Benefits of Expert System Technology 

"Given the successes of expert systems over the past decade, it seems logical 

to assume the technology can be applied to the insurance industry. Insurance, 

traditionally, has a very fixed set of parameters. Health insurance, for 

example, will require details of age, past illness, and family disorders etc. The 

fact that each of these can be easily established, but yet require an expert to 

manipulate them to produce a personalised policy, indicates that the industry 

naturally lends itself to expert system solution." (Carr, 2001) 

The direct question addressed in this and subsequent chapters is: 

What benefits can expert system technology offer the Insurance Industry? 

There are a large number of potential benefits which can be accrued by the 

industry through the use of expert systems. These include: 

• Reduced Costs. 

• Increased Output. 

• Improved Quality. 

• Capture of Scarce Expertise. 

• Increased Accuracy. 

• Better Usability. 

• Faster Response Times. 

• Reduced Risk. 

The potential benefits that an expert system can bring to an insurance 

company with regard to each of these categories will now be examined. 
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Reduction of Costs 

The potential of an insurance company to make profits is directly linked to its' 

ability to predict trends and interpret statistics accurately, which in turn is 

directly dependent upon the level of actuarial, and underwriting skills present 

amongst the company's workforce. 

Actuary: an employee of the insurance company who prices future risks by 

applying mathematical models to problems of insurance and finance; in other 

words, develops models to evaluate the financial implications of uncertain 

future events. (www.insurance-canada.ca. April 2001) 

Underwriter: an employee of the insurance company who decides whether or 

not the company should accept a particular risk; for example, your house or 

your life insurance application. (www.insurance-canada.ca. April 2001) 

The cost of hiring such skilled staffis a considerable cost factor for any 

insurance company. The availability of skilled staffis also a problem, given 

the fact that high pre-qualification standards and grueling work conditions 

combine to reduce the number of applicants for such jobs. However, if the 

knowledge of a group of such professionals could be captured and represented 

in an expert system, then the costs of hiring would be considerably reduced. 

Another major cost factor in insurance is that of fraud. 

"A recent study by the Comite Europeen des Assurances (CEA), the umbrella 

body of insurance trade associations in Europe, estimated that some 2% of 

total annual premium was lost through insurance fraud each year. If that figure 

were applied to Ireland, then in 1999 Irish insurers paid out approximately 

£36m in fraudulent and spurious claims." (www.iifie, May 2001) 

Expert system technology can prove very beneficial in the battle against fraud, 

as demonstrated by the system Medchec: 
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"Medchec, an expert system that helps audit medical insurance claims, detects 

fraud and overcharging by searching through billing data in a database to find 

such items as inconsistencies and over billing. The system reviews 

approximately 800 transactions daily and requires about 25 seconds per claim. 

The system saves the company approximately $1,500 per day." 

(Durkin, 1996) 
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Increased Output 

To reduce the risk that fraud poses, the insurance industry impose strict and 

lengthy documentation requirements upon their clients, a factor that leads to 

increased documentation processing requirements. These requirements can 

take a considerable amount oftime to complete and result in the exhaustion of 

staffing resources. 

Expert systems can help to alleviate such time intensive document processing, 

thus allowing companies to offer increased availability of services to their 

customers, whilst enabling staff to pursue other, more productive, tasks. 

An example of the increased output levels that an expert system can bring to 

an organisation is given beneath: 

"A French bank, Evalog, developed 'EvEnt' to ease the workload when 

processing large loan applications for businesses. EvEnt judges a company's 

overall credibility and performance when making its' recommendation. It 

considers such factors as the company's financial structure, size, and 

management performance to evaluate the risk in lending the company funds." 

"EvEnt decreased the cost of processing a loan tenfold, helped Evalog process 

more loan applications, and helped minimize the bank's risk exposure." 

(Durkin, 1996) 
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Improved Quality 

Attaining high levels of service quality is a key issue for any organisation, and 

can playa large part in the overall success of an organisation, particularly if 

the organisation trades in a very competitive environment. 

The fusurance Industry in Ireland has become very competitive, with 

companies such as VHI no longer enjoying the monopoly they once enjoyed 

as a result ofBUPA entering the market. 

Incidents such as the investigation of possible irregularities regarding young 

driver premiums and other commission related irregularities have left the Irish 

public with a very poor perception of the industry as a whole. 

Consumers are becoming increasingly intolerant of poor service, and any 

company that can satisfY the quality requirements of potential customers has 

an immediate advantage over its' competitors. 

Introduction of expert system technology can significantly increase an 

organisations' quality levels. The resulting release of staff resources, alluded 

to earlier, will allow organisations to allocate more staifto customer service 

duties. 

An example of the improved quality that expert systems can bring an 

organisation is illustrated by the' SMART' system. 
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"'SMART' is an integrated call-tracking and problem resolution system that 

contains hundreds of cases related to diagnostic problems arising from the use 

if Compaq products." 

"Incoming customer problems are presented to SMART, which retrieves the 

most similar cases from its' case base and presents them to the customer 

service analyst, who then uses them to resolve the problem." 

"Evaluation of the initial version of SMART indicated the percentage of 

customer problems resolved on the first call rose from 50% without the 

system, to 87% with the use of the system. In terms of productivity benefits, 

Compaq estimates that SMART has paid for itself within a year." 

(Allen, 1994) 
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Capture of Scarce Expertise 

In addition to the financial benefits of capturing the expertise of actuaries and 

underwriters, the capture of an Adjusters knowledge can be equally fruitful. 

"An Adjuster is a person who investigates and settles claims on behalf of the 

insurance company. The Adjuster may be either an employee of the company 

or an independent contractor hired by the company." 

(www.insurance-canada.ca. April 2001) 

The investigative skills of an Adjuster can take years to mature, which make 

such individuals valuable assets to any insurance company. The resignation 

or retirement of an adjuster from an insurance company will necessitate the 

need for considerable retraining to replace the 'asset'. 

Expert systems can playa key role in limiting the amount of training required, 

by capturing the experts' expertise before they leave. This was the case in 

Texaco: 

Texaco's 'Phoenix' was a system for diagnosing valve leaks in the Highlander 

sub-sea production facility. This system was successful in capturing the 

knowledge of the expert, (who was to leave the company in a few weeks), 

which resulted in them having a twenty-four hour expert on call- reducing 

downtime, and generating annual savings of up to £200,000. 

(McQuillan & Moore, page 70) 
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Increased Accuracy 

As mentioned earlier, insurance companies have to cope with veritable data 

mountains when processing claims and setting premiums. 

The larger the amount of processing required, the more likely human error is 

to occur. The introduction of an expert system to handle such processing will, 

if programmed correctly, diminish the likelihood of these mistakes occurring. 

Expert systems are capable of processing substantial amounts of data in an 

efficient, accurate, and error free manner - as per the example of Nippon 

Steel. 

''Nippon Steel built a large scale expert system for the diagnosis of 

approximately 500 different electromechanical pieces of equipment, 

composed of more than 25,000 components, scattered throughout three 

factories. " 

"The system, one of the largest diagnostic expert systems in Japan, has a 

three-level hierarchy linked via Ethernet: 

• A sensor and process control layer. 

• An information acquisition layer. 

• An expert system layer. 

The lowest two layers monitor the equipment and receive 13,000 analog and 

digital signals every 10milliseconds. The system is expected to reduce costs 

by up to $2.5 million per year." 

(Mizoguchi & Motodo, 1995) 
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Better Usability 

A system that is easy to use will lead to consistency of employee output. 

Perhaps on the face of it this seems a relatively innocuous benefit. However if 

one examines the impact that a 'non-user friendly' system can have on an 

organisation, then the benefits become more apparent. The failure of the Irish 

League of Credit Unions ISIS system is testament to this. 

(www.businessandfinance.ie. April 2001) 

Expert systems have a major role to play in improving consistency of 

employee output as, evidenced by the Prism system. 

"The 'Prism' telex classification system, developed by Cognitive Systems 

Inc., is used in several banks to route incoming international telex 

communications to appropriate recipients - a task relying on the accurate 

classification of the telex to determine the appropriate routing." 

"Prism increased classification accuracy from 75% to 90%, and reduced the 

average time taken to route a telex from several minutes, for human operators, 

to 30 seconds." (Allen, 1994) 
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Faster Response Times 

We live in 'while-u-wait' instant society where consumers have grown to 

expect immediate responses to their requests. The ability to evaluate a 

customer's requests before that of a competitor can, quite simply, represent 

the difference between profit and loss, success and failure. 

Expert system technology can arm insurance companies with the ability to 

respond to premium requests quickly, giving the organisation a cutting edge 

lead over its rivals. 

The 'Performance Analyst' system is an example of the expediency that 

expert systems can offer organisations. 

"The British National Health Service's PC-based 'Performance Analyst' 

system reduced the time required for an evaluation task from two hours to 

nine minutes, a factor of80 in productivity gain." 

(Hayes-Roth & Iacobstein, 1994) 
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Reduced Risk 

An insurance company's profit margins are directly linked to the number of 

claims it receives from its' policyholders. What may seem a very obvious 

statement, actually serves as a key opportunity for proactive insurance 

companies to limit risk and reduce the number of claims made by 

policyholders. 

If insurance companies educate their customers on how to reduce their own 

risk, and pay for this education, the customer will not object, and the effect 

will be a happier customer who is less likely to make a claim. 

Consider an insurance company responsible for indemnifYing a fleet of 

military aircraft. Education measures, such as those adopted by the Pentagon, 

could prove instrumental in reducing the risk associated with the indemnity. 

"The Pentagon is currently conducting studies on the potential of Artificial 

Intelligence for fire control and battle management. One item of particular 

interest is how to identifY targets automatically, and present the information 

for a pilot's use. Another involves tactical analysis, including decision 

making that advises a pilot whether to attack, flee, take a low-altitude route, or 

apply electronic countermeasures." 

"The system effectively provides training by imparting instruction on advance 

tactics from more experienced pilots to aid less experienced pilots, in the form 

of a 'silicon' co-pilot." (Chorafas, page 75) 

37 



4.1 Validity of Research Question 

The question posed in section 4.0 is considered worthwhile because, despite 

the potential benefits associated with the introduction of expert systems, many 

insurance companies have been very lax in adopting the technology. 

This is surprising given the fact that the task of constructing and processing 

premiums for clients is particularly suited to expert systems, as the task can be 

solved using symbolic reasoning techniques and does not require manual 

dexterity or physical skill. 

Perhaps the Insurance Industry's reluctance to use expert system technology 

would be understandable if no successful precedent of the technology's 

capabilities existed. However, this is not the case as an example from 

Norwich Union shows. 

''Norwich Union in Ireland, (since acquired by the Hibernian group), decided 

to re-engineer their existing Life Underwriting Process. Their main objectives 

were to reduce the cost of underwriting, to speed up the underwriting process 

and provide customers with a better service, and to target key distribution 

channels such as large brokerages and Building Societies with a unique 24-

hour decision service." (www.ask.com. April 2001) 

The expert system that was subsequently developed processed over 100,000 

life proposals successfully. Indeed the system was so successful that Eoin 

Byrne, Operations Manager for Norwich Union Life in Ireland, commented: 

''Put simply, without Expert System Processing we could not provide the 

quality service needed to survive in today's market whilst keeping the 

operation cost effective." (www.ask.com. April 2001) 
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5.0 Implementation of Research 

Having answered the question posed in section four, regarding the benefits 

that expert system technology can afford the Insurance Industry, the report 

now proceeds to document and illustrate a working example of how these 

benefits can be achieved. 
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5.1 Problem Description 

To develop an expert system capable of offering an insurance company the 

facility to provide its' clients with dog indemnity, in a manner which meets 

the following system requirements: 

• Veterinary fees indemnity facility. 

• Reward indemnity facility. 

• Boarding fees indemnity facility. 

• Third party liability indemnity facility. 

• Product information for each of the above four products. 

• Ability to calculate quotes based on user input and system defined rules. 

• Natural language explanation subsystem to allow users to query how 

quotes were arrived at. 

• Claims service for customers, which checks the validity of claims made. 

• Search facility. 

• Knowledge base to store all necessary details. 

• Facility to update and amend knowledge base as required. 
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5.2 Preliminary System Design 

To meet these requirements the approach taken to design the system was as 

follows: 

Step 1: Assess the suitability of the problem. 

The problem was assessed and considered suitable for expert system 

development for the following reasons: 

• The problem domain is limited and concise, making it easier to represent 

computationally. 

• The problem is well structured and does not require much common sense 

knowledge. 

• The costs of developing such a product are minimal. 

• The problem is of proper size and scope, and a solution can be designed 

relatively quickly. 
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Step 2: Knowledge Acquisition. 

Once an adequate level of knowledge concerning dog indemnity had been 

attained, the project Expert was then consulted to discuss suggested methods 

of design and implementation for the proposed expert system. 

The Expert consulted was Mr. Daragh Feely, Customer Services Manager for 

Caledonian Life. Daragh was recently part of the development team 

responsible for the design and implementation of an expert system for Life 

Insurance, at Caledonian Life. 

This experience placed Daragh in an excellent position to offer constructive 

advice for the purposes of this project. The advice given was particularly 

useful and assisted with the following aspects of the project: 

• Consultation which lead to the development of a series of program 

structure flowcharts, (included in the Appendix), which greatly assisted in 

the construction of the software product, and enforced a sound modular 

approach during development. 

• Identification of some key benefits that expert system technology can 

bring to the insurance industry, namely: 

1. Slashed operation costs. 

2. Reduction in turnaround time. 

3. Ability to handle business expansion. 

4. Improved quality of proposals. 
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• Identification of some of the key risks that expert system technology can 

bring to the insurance industry, namely: 

1. Potential staff resistance or unrest. 

2. May be perceived as too radical or too daring an approach. 

3. Possible non-acceptance by brokers. 

4. 'One-shot' chance at getting system implementation right. 
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Step 3: Shell Design. 

The incorporation of an existing shell was considered, but all shells researched 

were deemed to be too large and too complex to be of any use, given the size 

and scope of the project. 

It was decided that a newly designed customised shell would be better suited 

to the needs of the project, and the shell was designed with regard to the 

following criteria: 

• All application displays were designed in a simple, unambiguous, and 

concise fashion, given that no assumptions could be made regarding the 

computing skills of the end-users. 

• Source code was well commented and written in 'C' to allow for 

maximum ease of code modification as and when required. 

• All code was written in a modular fashion, mirroring the logical flow of 

the accompanying flowcharts. 

• A natural language explanation subsystem was designed to allow users to 

query how premiums were arrived at, thus enhancing the overall usability 

of the system. 

.. Knowledge was represented in program structures, capable of file input

output from and to system files as and when required. 

• The inference engine accommodated probability assessment by use of a 

points system. 
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5.3 Detailed System Design 

The table beneath lists the seven main program modules which, collectively, 

form the design of the overall system. (More detailed flowcharts of each of 

these modules can be viewed in the appendix) 

1. Product Information. 

2. Frequently Asked Questions. 

3. Terms and Conditions. 

4. Exit. 

5. Quotation. 

6. Claims. 

7. Search. 

The first four modules listed in the table, whilst aesthetically essential to the 

program, were relatively easy to develop and as such require no further 

analysis or explanation. 

The final three modules listed in the table constitute the engine of the 

program, and therefore necessitated a more detailed approach to their design. 

A design analysis of each of these three modules is now given. 
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Quotation: 

The quotation module is responsible for the following program tasks: 

• Offers the user a choice of four different indemnity products. 

• Asks the user a set of questions tailored to the indemnity product chosen. 

• Evaluate the answers given to each of these questions and assign a points 

value accordingly. 

• Use the points values in conjunction with a set of system rules to arrive at 

a premium quote for the user. 

• Offer the user the option of determining how this premium was arrived at, 

via an explanation subsystem facility. 

• Upon acceptance of the premium quote by the user, create a new policy 

and update the knowledge base accordingly. 

Insurance is based on the principle of discovering the probability of a given 

event occurring. The points system used in this program served as an ideal 

representation of this. 

Development of the explanation subsystem was the trickiest aspect of this 

module. The explanation subsystem responds to users questions by scanning 

the questions posed for keywords, and then responds in an 'expected' fashion. 
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Claims: 

The claims module is responsible for the following program tasks: 

• Prompts the user for their policy number and identifies the claim type 

according to the number entered. 

• Confirms the policy details and then prompts the user to enter the amount 

being claimed for. 

• Validates the claim by checking how much insurable funds remain on the 

policy, and checks if any excess payments are required. 

• The results of the claims validation procedure are then output to the user. 

• If the claim was valid the knowledge base is updated, and the users' 

changed account status is displayed. 

Search: 

The search module is responsible for the following program tasks: 

• Allows users to search the contents of the knowledge base by either policy 

number or dogs name. 

• If a policy number entered matches that of a record in the knowledge base, 

the associated account details are output. 

• If a dogs name entered matches that of any records in the knowledge base, 

each matching record, with their associated account details, are then 

output in tum. 
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5.4 Test Strategy and Evaluation 

Several individuals assisted in the testing and evaluation of the dog indemnity 

software product. The candidates chosen to test the product possessed 

differing levels of computing skills, ranging from very basic to very 

proficient. 

Each candidate was given an executable version of the program, with which 

they could conduct tests. The candidates were then polled regarding their 

opinions of the program. 

The responses were positive in general, but reservations were expressed about 

the explanation subsystem and its' inability to process natural language 

effectively. 

After investigating the cause of this deficiency, it became apparent that the 

System's knowledge base did not contain enough keywords with which to 

perform the scanning procedure, described in the Quotation module, in an 

efficient manner. In addition to this, the explanation subsystem's efficiency 

was compromised by the 'unexpected' questions posed by end-users. 
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6.0 Conclusion 

This article has achieved its' primary aim ofidenti:(ying several key benefits 

that expert system technology can offer the Irish Insurance Industry. 

The extensive research conducted throughout the project helped to provide the 

information necessary to design and develop a software product capable of 

incorporating and exploiting such benefits. 

The resultant product, whilst graphically basic and limited in its' ability to 

process natural language, is considered commercially extensible and therefore 

worthy of further research. 

The examples cited throughout the article have shown that expert systems are 

playing a significantly beneficial role in many areas oftoday's commercial 

environment. This trend is set to continue given the growing shortage of 

skilled professionals amongst the global workforce, and the subsequent need 

to capture scarce expertise. 
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6.1 Summary of Contributions 

It has been shown by means of the developed software product and several 

cited examples, that expert system technology can be used to capture the skills 

of Actuaries, Underwriters, and Adjusters. The capture of such expertise can 

provide insurance companies offering indemnity packages the following 

benefits: 

• Reduced Costs. 

• Increased Output. 

• Improved Quality. 

• Capture of Scarce Expertise. 

• Increased Accuracy. 

• Better Usability. 

• Faster Response Times. 

• Reduced Risk. 
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6.2 Future Research 

The continued research and refinement of the dog indemnity software product 

referred to in this article is recommend for the following reasons: 

• The principles of 'Dog Insurance' apply to other insurance products such 

as 'Life Insurance' and 'Motor Insurance'. An expert system prototype on 

'Dog Insurance', could therefore serve as an ideal barometer of success for 

the development of further expert systems for other insurance products. 

• There are over 600,000 dogs in Ireland, owned by 42% of the population. 

This constitutes a considerable market, so the product could prove 

commercially viable in its' own right. 

(http://www.galwayadvertiser.ielbackpage/980903/page4.htm. April 200 1) 
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Glossary of Terms 

"An Expert System is a computer program that represents and reasons with 

knowledge of some specialist subject with a view to solving problems or 

giving advice." (Jackson, 1999) 

"A Knowledge Ba..~ed System is any system, which performs a task by 

applying rules of thumb to a symbolic representation of knowledge, instead of 

employing mostly algorithmic or statistical methods." (Jackson, 1999) 

"Knowledge Based Systems are applications that generate quality solutions to 

problems requiring computer based reasoning with knowledge known as 

knowledge processing." (Hayes-Roth & Jacobstein, 1994) 

"Ca,'ie-Based reasoning (CBR) is an approach to problem solving based on 

the retrieval and adaptation of cases, or episodic descriptions of problems and 

their associated solutions." (Allen, 1994) 

"Case Based Reasoning: Instead of finding regularities among the cases and 

abstracting them into a set of rules, case based reasoning stores the cases as 

they are, and then retrieves and adapts them to solve the current problem." 

(Mizoguchi & Motoda, 1995) 

"Certainty Factors are attribute and rule properties used to describe the level 

of certainty or confidence in a particular value." (Pedersen, 1986) 

"Metaknowledge is knowledge about knowledge. Metaknowledge 

capabilities enable you to create rules that help the expert system 'reason' 

about its' own knowledge." (pedersen, 1986) 
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"An Inference Engine contains mechanisms, strategies, and controls used to 

manipulate and apply knowledge to the problem. Inferences and new facts are 

derived from the knowledge base." (Stylianou, 1992) 

"The term Inference Engine refers to the part of a knowledge based system 

that specifies the logical process by which new facts and beliefs are derived 

from known facts and beliefs. It also contains the control strategy that orders 

the search for an inferential solution." (Hayes-Roth & Jacobstein, 1994) 

"The User Interface controls interaction with the user. It contains screen 

displays, a questioning strategy, and an explanation component allowing the 

user to question conclusions of the system." (Stylianou, 1992) 

"An expert system Shell is software containing a collection of capabilities that 

enable users to develop expert systems. Shells contain knowledge

representation structures necessary to capture and structure expertise; an 

inference engine facilitating use of that expertise; development tools which 

the knowledge engineer can use to capture, understand, and manipulate 

knowledge; an interface used by the end user to provide input and examine the 

systems' conclusions; and mechanisms interfacing the expert system with 

other software systems." (Stylianou, 1992) 

"Induction is the capability of a shell to generate a decision tree andlor a set 

of rules from a set of examples demonstrating the experts' decision process." 

(Stylianou, 1992) 

"Knowledge refers to those kinds of data that can improve the efficiency and 

effectiveness of a problem solver. Three major types of knowledge fit this 

description: facts that express valid propositions, beliefs that express plausible 

propositions, and heuristics or rules of thumb that express methods of 
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applying judgment in situations for which valid algorithms generally do not 

exist." (Hayes-Roth & Jacobstein, 1994) 

"Explanations are derived by transforming assertions and rules into lines of 

reasoning. These lines of reasoning show how a starting set of assumptions 

and a specific collection of assertions and heuristic rules produce a particular 

conclusion." (Hayes-Roth & Jacobstein, 1994) 

"Forward Chaining is one of several inferential control strategies that use 

existing or newly deduced data to trigger future deductions and conclusions 

about the data. Forward chaining in rule-based systems begins by triggering 

all of the rules whose "if clauses" are true. It then uses the facts it has 

established to determine what additional rules might be executable because 

their "if clauses" are satisfied. The process is repeated until the program 

reaches its' goal or runs out of new possibilities. This technique is typically 

used for state-space search or data directed reasoning." 

(Hayes-Roth & Jacobstein, 1994) 

"Backward Chaining is another inferential control strategy that works from 

goals to what is already known or needs to become known to satisfY those 

goals. Back chaining is initiated when (1) a user establishes some goal to be 

sought and (2) the system identifies one or more rules whose consequents 

would satisfY the goal. The matching goal is triggered, and if none of the 

conjuncts in its' antecedent clause is already known to be false, the system 

establishes sub goals. This leads the system to evaluate other rules that would 

confirm the "if clause" conjuncts. Thus the system works back through its' 

rules until a question is asked or a previously stored fact or belief is found. 

Back chaining is typically employed in problem reduction or goal directed 

approaches to problem solving." (Hayes-Roth & Jacobstein, 1994) 
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"Frames allow objects to be associated with collections offeatures (e.g., 

facts, rules, defaults, active values). Each feature is stored in a slot. Each 

frame is composed of a set of slots related to a specific object." 

(Stylianou, 1992) 

"Scripts are a technique for representing knowledge that stores the events that 

take place in familiar situations into a series of "slots". A script is composed 

of a series of scenes, which are, in turn, composed of a series of events." 

(Stylianou, 1992) 

"Semantic Networks provide a representation ofthe relationships among 

objects. Objects in a semantic net are represented as nodes, which are 

connected to one another with arcs. Each arc carries an indication of the 

relationship between the nodes it is connecting. The net uses aggregation, 

specialization, and inheritance to model different kinds of knowledge." 

(Stylianou, 1992) 
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Process 1.0 Start/Select Option: 
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Process 1.1 Quotations: 
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Process 1.2 Request Product Information: 
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y 
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Display relevant product 
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Process 1.3 Frequently Asked Questions: 
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Select option required 
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Display relevant answer 
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y 
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Process 1.4 Terms and Conditions: 
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Process 1.5 Claims: 
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Process 1.5.1 Claims: 
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Reject claim 

Read claim 
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Process 1.5.2 Claims: 

y 

Reject claim 
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Process 1.6 Search: 
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Select option required 

Process search accordingly 
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