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jCHAPTER 1 

Introduction 

1.1. Health care 

Health is wealth. Every nation should provide proper health services to her 
every citizen. Health status of every individual is equally important. But, 
however, children are very important to the nation's present and its future. 
Parents and relatives are usually committed to ensuring that they are healthy 
and have the opportunities that they need to fulfill their potential. Yet 
communities vary considerably in their commitment to the collective health of 
children. This is reflected in the ways in which communities address their 

collective commitment to children, specifically to their health. 

In recent years, there has been an increased focus on issues that affect children 
and on improving their health. Children form the largest proportion of reactive 
workload in primary healthcare. Children are vital to the nation's present and 
its future. All children need and deserve a healthy start - to be properly 
nourished before birth, in infancy, and during their growing years to receive 
basic health care both prenatally and during the crucial early years after birth. 
Scientific and public health advances have improved access to health care and 
hence, reduced child mortality and morbidity from infectious diseases and 
accidental causes. Chapter 2 of this thesis has been devoted to have an account 
of the global as well as Indian scenario and this account demands much more 
attention towards the paediatric domain. Promoting health services today 

requires consideration of the overall status of children, not just identification 

and treatment of specific diseases or injuries. 

The total paediatric age group is subdivided as: Foetal (Conception - birth), 
Neonates (0-4 weeks), Infants (4 weeks -1 year), Toddler (1year - 3 years), Pre
school (3 years- 5 years), School going (5 years - 10 years) and Adolescence (10 
years - 18 years). It should be pointed out that the disease pattern, drug 
selection, diet, health teaching, common rearing technologies are different for 
different paediatric age groups. 

Children are generally viewed as healthy when they are assessed by adult 
standards, and there has been a great deal of progress in reducing childhood 

death and diseases. But the country should not be blinded by these facts
several indicators of children's health point to the need for further 



improvement. Recent improvements in children's health need to be sustained 

and further efforts are needed to optimize it. To accomplish this, the nation 

must have an improved understanding of the factors that affect health and 

effective strategies for measuring, accessing and using information on children's 

health. 

1.2. Examination procedures to paediatric patients 

Usually, the examinations are done using the following four steps in order: 

Fig. 1. 1. Examination procedures 

Inspection is the act of visual examination of the external surface of the body as 

well as of its movements and posture. Palpation is the process of examining by 

application of the hands or fingers to the external surface of the body to detect 

evidence of disease or abnormalities in the various organs. Percussion is the 

process of use of the finger tips to tap the body lightly but sharply to determine 
position, size, and consistency of an underlying structure and the presence of 

fluid or pus in a cavity. Auscultation is the process of listening for sounds within 
the body, usually to sounds of thoracic or abdominal viscera, in order to detect 

some abnormal condition. or to detect foetal heart sounds. 

The examination steps should be followed in every case so that it should be 

methodological. Paediatric patients may be non-cooperative, hostile and 

resistant to such examinations and therefore, examination steps may have to be 

altered. For example, very often auscultation is done before palpation and 

percussion when the baby is quite and co-operative before he turns hostile 
owing to various examination procedures. 

For the paediatric patients, there is a special importance of congenital 
anomalies affecting normal growth and development. The primary reasons why 

the under-fives deserve special health care may be stated as follows: 

(a) Large in number: According to the 2005, SR report of Govt. of India, 

children of the age group 0-4 years constitute about 10.4% of the total 

population. They are entitled to receive a large share of health care as per 
the percentage. 
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(b) Mortality: In India, 17.3% (1] of deaths occur in children under the age of 4 

years. The major causes of death in this age group are neonatal causes 
(45.2%), diarrhoeal diseases (20.3%), pneumonia (18.5%) - all preventable. 

We could avoid almost all deaths by taking prompt and effective use 

available means of treatment and prevention. 

(c) Morbidity: The initial first 5 years of life span are full of health hazards -

e.g. malnutrition and infectious diseases (e.g. whooping cough, tetanus, 

polio). It is well-known that there is a great prevalence of intestinal 

parasites of this age group. 

(d) Human resource: It is certainly a proper investment for the future to ensure 

child health. 

(e) Growth and development: Under fives period is one of rapid growth and 
development and needs a special care. 

'Under-fives' clinic in India [2] is displayed for the health care management for 

under-fives. The aims and objective of the clinic is illustrated using the symbol 

as depicted in fig. 1.2. 

f~ /~ ~ 
/; '"' 1 ; Care ·~\, 

// . ' "'' ..... 
11 Hi 1llness '·-'· 
II '\'. /1 '<' ----·-·-···-7 '\~, 

//\ ~- '~ II 
//Growth \ Preventive 

. , monitoring V care 

Fig.1.2. Symbol for under-fives' clinic 

3 



Prevention is better than cure. So, the prime issues - preventive and illness care 

need to be addressed properly. 

Preventive care includes: 

• Regular health check-up; 

• Immunization; 
• Nutritional surveillance; 

• Oral rehydration; 

• Family planning; and 

• Health teaching. 

Illness care includes: 

• Diagnosis and treatment of: 
a) Acute illness; 

b) Chronic illness including congenital, physical, mental and acquired 

abnormalities; 

c) Disorders of growth and development; 

• Laboratory services (pathological, x-ray etc.) 

• Referral services. 

Two ecological base factors are important for defining the health status of an 

individual, the internal environment of a child itself including heredity and the 

external environment or the surroundings. A proper balance between these two 

factors is required for the normal growth and development of a child. The racial 

and genetic characteristics are the major components of the internal 
environment. The external environment is governed mostly by water, housing, 

food, education and sanitation which are controllable factors. 'External 
environment' is also termed 'environmental health' [2] by WHO (World Health 

Organisation). 

Next, one has to find out the status of neonatal mortality. It is reported by 

UNICEF [3] that most neonatal deaths occur within 24 hours of birth - a child is 

about 500 times more likely to die in the first day of life than at one month of 

age. Globally, neonatal mortality accounted for almost 37 per cent of all under

five deaths in 2005 for which it is 64% to Asia-Pacific. The largest absolute 

number of newborn deaths in the world occurs in South Asia - India contributes 

around one quarter of the global total. In fact, of the 10 countries in the world 

that account for the highest number of newborn deaths, 6 of them ~ 
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Afghanistan, Bangladesh, China, India, Indonesia and Pakistan - are in the Asia

Pacific region. 

It is to mention here the high burden of neonatal deaths is related to 

insufficient maternal healthcare services, maternal under-nutrition and cultural 

practices surrounding the birth process and disease. According to WHO 
estimates, around 3% of approximately 120 million infants born every year in 

developing countries develop birth asphyxia requiring resuscitation. It is 

estimated that some 900,000 of these newborns die each year [4]. A survey of 

127 institutions in 16 developed and developing countries has shown that there 

was often no basic resuscitation equipment, or that it was in poor condition, 

and that health personnel were not properly trained in newborn resuscitation 

[5]. Moreover, globally more than 1 million children who survive birth asphyxia 
each year go on to suffer such problems as cerebral palsy, learning difficulties 

and other disabilities. 

It is demanding to consider two matters concurrently: (i) improving the 

environmental health and (ii) improved health care management. Regarding the 

first matter different developing countries including India are taking actions by 
providing drinking water at per WHO specifications as well as supplying 

supplementary food to them. This work mainly concentrates on the second issue 
i.e., improved health care management. For the proper paediatric care the role 

of a paediatrician is pivotaL From the table 9.2 (chapter 9) we get a picture of 

the availability of paediatricians working in rural regions of India what is not at 

all satisfactory .. They are really a scarce commodity at per the requirements in 
general and specially for rural region of a developing country like India. 

To cover the complexity of the domain as well as mitigating the scarcity of 

domain experts one may consider an automated consultation system in an 

expert system framework as an alternative. Starting from MYCIN [6], a good 

number of attempts have been made to develop such expert systems in 

medicine with their relative success and failure. We may cite a lot of medical 
expert system (detail discussion in chapter 4) for well-being of paediatric 

problems, but, however, to the best of our knowledge, not so much of the 
issues relating to paediatric health care management especially for new-born 

child (prevention of child mortality) and the most occurrence in every child's 

life i.e fever management by parents (health teaching) have been addressed. In 

this work an attempt has been made towards the development of medical 

consultation systems for the domain in an expert systems framework to partially 

meet up the requirements of the paediatric domain. 
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1. 3. Usage and benefits 

Before the development of an expert system starts, the issues related to its 

usage and benefits should be addressed for its successful use. Various aspects of 
the usage issues are particularly important such as (i) benefits of usage of the 

system to different potential users; (il) who will use it and how; (iii) what 

are/will be the expected reactions of various people in using such a system; (iv) 

what problems users might face and how to overcome or minimise such 

problems; and (v) how the question-answer sequence should be tailored. 

1. 3.1. Levels of usage of a technical artifact 

It is suspected that there are three levels [7, 8] of human computer interaction: 
physical, task and organisational. The physical level is concerned with the user 

interface. At the task level, the business tasks that the primary user undertakes 

while at the user interface. At the organisational level is concerned with the 

organisational purpose of the tasks which suggests that benefits which stem 

from such interaction can also be separated into three types, corresponding to 

three levels. For example, speedier access to functionality might be a benefit 
of an improved user interface. Obtaining a budget estimate with less time 

would be a benefit at the task level. And speedier completion of the project 
proposal would be a benefit at the organisational level. 

in an another similar study, Hart [9] discerns three levels at which we can 

discuss and describe the usage of a technological artifact. He cited the example 
of using a telephone. At the lowest level, we talk in terms of movements of 

hand, arm and finger which describe the picking up of the phone and dialing. 

Consideration of the size of people's fingers and of buttons is validly carried out 

at this level. At the next level we talk in terms of phoning a certain person. We 
talk in terms of actions which are carried out by or on the entities as a whole -

the person, the telephone. We don't normally phone a person just for the sake 
of using the phone. This brings us to the top level and this gives meaning to the 

action of using the phone. At this top level we talk about what we are trying to 
achieve by using the phone - exchanging information, for example. 

6 

I 

I 

I 

I 

I 

I 

I 

I 



Now what are the differences between the three levels? At the first level we 

are concerned with technological features, with components that do not stand 
alone. At this level we are concerned with the design of such features or 

components. At the middle level we are concerned with whole entities rather 

than components and the actions or tasks they carry out. At the top level we 

are concerned with the role of the entities rather than their actions or tasks. 

Tasks are reasonably well defined, even though there may be variants among 

the components of which they are made. They have little meaning in 

themselves and are carried out in fulfillment of roles, which give them their 

meaning. Hart characterized the difference between tasks and roles by stating 

that tasks could be entered in a diary while roles (he gave the example 'Love 

the neighbour') could not. Hart pointed out that the three levels are irreducible 

to each other. 

At the task level there is similarity between the views of Hart and Gillies, but 

there are differences between this two. Hart's lowest level concerns any 

component of the whole entity. In the case of a software, this means not just 

the user interface but also other features and facilities. Gillies' highest level is 

differentiated from the task level by moving from the single user to the 

organisation, but Hart's 1s differentiated by the addition of meaning or purpose. 

It is often the case that the organisation does supply the purpose of tasks so 

that there is indeed a strong correlation between the two top levels, Hart's top 

level 1s not restricted to consideration of organisations. Hart's taxonomy seems 

more exhaustive and having less ambiguity 

1.3.2. Usage of expert systems 

We know Hart's taxonomy to understand the usage of expert system using. At 

the lowest Level, we can talk about what we do with parts of the expert system, 

such as question-answer session, the explanation facility or using the help 

facility. It is at this level where the features of an expert system becomes 

important - what type of explanation it gives, which types of reasoning it 
employs, etc. 

At the next level i.e. at the middle level we are not concerned with the 

components and features of an expert system, but we look it as a whole. We are 

concerned with the individual users and which tasks the expert system supports. 

At this level that classification of expert tasks by Stefik [1 0] is largely relevant: 

prediction, diagnosis, planning etc. Consideration of features is largely 

technology centered, or involves only the primary user's actions at the user 
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interface, but consideration of tasks involves the primary user's actions within 

their immediate organisation. 

At the least level i.e. at the top level, one is concerned with the role the users 

play in making use of the expert system and the purposes for which they carry 

out the tasks that are supported by it. In an attempt to say something about the 

application of expert systems, Basden [11] provides a list of roles which expert 
systems might fulfill: consultancy, checklist, program, communication, 

knowledge refinement, training and demonstration. But, one can observe that 
this list was ill formed and is confusing, since it focuses on the roles the 

software plays rather than the roles of the human actors. Some of the lists are 
true roles, if translated to the perspective of the human user. For example, by 

'communication' it was meant for the clarification and spreading of expertise; 

and by 'consultancy' it was meant for enabling a person to solve a problem by 

the provision of expert advice. Both these are examples of roles. But by 

'program' it was meant that the expert system shell could be used simply as a 

language in which to write programs and this is not the role: writing a program 
is a task. 

An automated knowledge-based consultation system should be useful for better 

health care. It might not be feasible to appoint one paediatrician for each rural 
health centre whereas the proposed system may be operated by a general 
medical practitioner. This might be the primary benefit of such a system 

expected to mitigate such expertise, obviously to a restricted sense. Once, this 

PC-based consultation system is installed at remote health centres, the system 

is expected to assist the general physicians who are not expert in paediatrics. 

This system is also expected to assist the general physicians, not expert in 

paediatrics, working at sub-divisional/ district hospitals or engaged in private 

practice. Sometimes, it may not be possible to install such a PC-based system at 
different rural health centres. In that situation, the system may be carried with 

a mobile medical unit having a personal computer (PC) along with the required 

power supply. This mobile medical unit may, at least, be controlled by a 

general physician. Point to mention here, that medical students work with the 
expert guidance at various fields during their undergraduate/training courses. 

When posted at a rural health centre, this system should certainly work as a 

companion of theirs. Even, the system may act as the second opinion. 
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As they are the scarce commodity, peadiatricians are overloaded sometimes. 

This overloading problem is expected to be reduced to some extent by the use 
of this automated system. It may also be used as a training kit by the medical 
students. In all such situations, one may observe the increase of the level of 

accuracy and confidence during an interaction with a child under treatment. 

We also certainly expect a better patient management and treatment planning. 
It is now easy to observe the tangible benefits of the society as well as of rural 

people. In most of the situations, the rural people need not come to distant

located hospitals, which should save time, money and harassment. Moreover, 

web-accessible form of the systems, we developed, may be useful at this 

telemedicine/cyber medicine era. 

It is evident from the above discussions, that the common users of the system 
would be the medical professionals who may not have any exposure to AI and 
expert systems technology. Even, they might not have any advanced training on 

computers and computations. Introductory ideas on computers and 

computations at the school levels would be suffice. Medical curriculum also 

introduced some advanced concept of Internet surfing and WWW. So, a two 

days training covering the basics of computers and computations; what is AI 

and expert systems technology - the usefulness and limitations of this modern 

technology; and lastly, an overview of the present system would be sufficient. 
In the initial phase of such use, an easy developer-user interaction should 

certainly be encouraging to minimise such problems. 

Lastly, the reactions of various people in using such a system be 

analyzed/scrutinized for wider acceptance and use. Various people include: 
government, doctors, patients, and parents/ guardians. Different funding 
agencies of Govt. of India encourages research projects for the development of 

such automated systems using AI and expert systems technology under human 

resource development schemes (12]. Medical professionals are also taking 

interests in developing and using such automated systems within the confines of 

the present status of AI and expert systems technology in collaboration with 

computer professionals. Paediatric patients may not have any adverse impact 

on this. Rather, they may be attracted by the colourful screen of the computer 

what may assist a doctor to manage a child during examinations. 

Parents/guardians are usually guided by the advice from doctors. if the doctors 
are really motivated in using the system, there should really be no such adverse 

motivation build-up. Currently, there are good evidences that doctors and bio
medical researchers are actively participating with computer professionals in 
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such projects. Moreover medical professionals are using equipments where the 

kinds of expert systems are embedded into these equipments. 

1 . 3. 3. Benefits of present systems 

Basden proposed three levels at which benefits accrue [13]: 

a) feature benefits; 

b) task benefits; 
c) role benefits. 

Those advantages that arise from technological features of functionality and 

user interface are treated as feature benefits. Ease of manipulation can arise, 

for instance, from graphical user interfaces. An example found in DTI [14] is 

'critical items are highlighted'. The benefits which arise from using the expert 

system to support a task are task benefits. Examples in DTI [14] include 'fewer 

changes to schedule' and 'improved visibility of requirements'. Role benefits 

arise from the effect the expert system has on the roles the user fulfils by 

carrying out the supported tasks, such as 'improved supplier relations', which in 
DTI [14] is seen to arise from the two task benefits above. 

After classifying the benefits into three sets, it is important to have the 

indication of some form of causal, or at least enabling, link between them. 
Feature benefits can lead to task level benefits, which can in turn lead to role 
level benefits as shown in fig.1. 3. 

Fig.1.3. Three levels of benefit 
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The role benefits, rather than feature and task benefits, are the determiner of 

the success or failure of a system. On the contrary, tasks and features find their 

meaning only in the context of a role. One can now easy to view the expected 

benefits of our proposed system at per the tripartite division: feature benefits, 

task benefits, and role benefits as shown in fig.1.4 . 

From figure 1.4., it is observed that the links are many-to-many rather than 

one-to-one. Thus, a feature benefit can enhance a number of tasks and a given 

task may require several feature benefits. Moreover, though there is some 

causality of the links, while others are merely enabling. Further, there are 

other factors which influence the operation of each link, such as working 

practices, organizational norms and attitudes of users or others around them . 

Fig. 1.4. The levels of expected benefits in use of our proposed system 

11 



1.4. Objective and goals of the study 

The objective of this study is to identify the problematic areas of paediatric 

domain, in-depth analysis, build up roadmap for improvement, finding method 

to disseminate for the larger audience, develop the medical system thereof, 

and then determination of specific goals. This study mainly tackles the 

challenges of (a) Collection, separation, selection of features and their 
relevance of domain knowledge from vocabulary and database, (b) Identifying 

approaches for good user acceptance and wide usage of knowledge, and (c) 

Modeling of Expert Consultation System for better handling of complex and 

changing requirements. 

The specific goals are: 

(i) To study the acceptability of medical knowledge available in reputed 
web-sites. 

(ii) To provide, as much as possible, remedies for problems related with 

content and structure, in particular, to make conscious to the 

parents/relatives of child patient and advices to consult their physician 

before apply I administer the same. 

(iii) To develop a prototype advisory system to manage febrile child at home, 
for parents/ caregivers, to avoid unnecessary harassment/worry. This 

would also help indirectly to the society, as it will reduce the painstaking 

traffic in the community hospital/health centres. 

(lV) Proposes methods for management and development of consultation 

system by selecting of features and their relevancy related to the context 

of child resuscitation management. 

The aim of the present work is to develop a knowledge-based consultation 

system for paediatric health care management. This we intend to do in steps. 
We initially have tried to explore the status of the domain which helped us in 

understanding the needs of the domain. To meet up the needs of the domain, 

at least partially, an attempt has been made to develop an expert or knowledge 

based consultation system. Emphasis has been given on different potential 

issues connected to an expert system development. These issues are (i) 

knowledge acquisition and representation (ii) uncertainty management (iii) 

expert system tool selection (iv) user interface (v) performance evaluation and 

(vi) usage and benefits. Emphasis has also been given on ICT -enabled web 
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services to medical informatics that in addition to stand-alone system one can 

access globally. Merits and demerits of cyber healthcare systems were also our 

concern. 

The process of building an expert system is inherently experimental [15]. The 

applicability of different potential issues pointed out above has been studied in 

different steps of the development following the prototyping approach of 
system development. Moreover, expert system development is the first and 

foremost software engineering [16] and therefore, there has been an attempt in 

the study to consider some software engineering issues during the development 

(e. g. phase refinement vs. prototyping). 

1.5. Summary of the work 

The scheme of presentation is as follows: 

A. Chapter 2 of this thesis contains a discussion about medical domain and its 

characteristics. This chapter also included the statistical importance of 

different indictors including mortality and morbidity of the paediatric 

domain. There has been an attempt to include global as well as Indian 
scenario. 

B. Chapter 3 presents a comprehensive study on Medical Informatics and Cyber 

Health Care. The usefulness of Artificial Intelligence in Medicine (AIM) and 

its application through Internet has been discussed. The significance and 
necessity of ICT-enabled medical services like Telemedicine, their 

potentiality into health care is presented. We have presented the 

Importance of Cyber Health Care, its future aspects and the issue of Doctor
Patient Relation in the current context. 

C Chapter 4 contains two 1mportant issues: (i) why it is an expert system 

domain; and (ii) what requirements the domain lays on an expert system. 

This chapter initially discusses, in brief, what is artificial intelligence and 

expert systems, categories and application areas of expert systems, 

components of a typical expert system, general desirable features of an 

expert system, different stages of an expert system development, rule based 

vs. model based system etc. and lastly, the above mentioned two important 
issues (i) and (ii) have been presented. 
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D. In chapter 5, we have presented two issues (i) knowledge acquisition and (ii) 

knowledge representation. Under the first issue, levels of knowledge and 
knowledge categories have been discussed. Next, we have explored different 

sources of knowledge acquisition - their merits and demerits. Here we have 

also pointed out the prime sources of knowledge acquisition used in the 

current research. Under the second issue, we have discussed different 

schemes for knowledge representation and their behaviors. We have also 

discussed the relative appropriateness of the methods in context to the 

present problem domain. 

E. Chapter 6 deals with the issue of selection of an appropriate expert system 
tool. A detailed study has been provided here among three types of tools: Al

languages, tool kits and shells. 

F. Chapter 7 deals with the issue of uncertainty management. The sources and 
nature of inexactness have been identified and discussed with examples. A 

suitability analysis of different methods of handling inexactness which 

seem(s) to be most sympathetic to the present problem domain has been 

provided. 

G. Chapter 8 presents a comprehensive study of the web-sources on the basis of 
published guidelines to parents for managing fever at home. We also judged 

the accuracy, quality, completeness, and consistency of some medical sites 
and suggest parents/ medical help seeker to careful before applying the 

same in actual practice. 

H. In chapter 9, we have presented the Web-accessible consultation systems of 

Child Fever Management. Initially, the benefits of using expert systems 

through the Internet have been discussed. Next, the technological artifacts 

for transference of stand-alone PC-based consultation systems to Web

accessible consultation systems have been discussed. The implementation 
details and the performance evaluation have been placed. One can visit the 

Web-site: http: I /samantark. tripod.com/homepage.html for accessing our 
systems. 

I. In chapter 10, we present a useful technique of developing knowledge-based 

systems for Neonatal Resuscitation Management using Case-Based Reasoning. 

This includes design and implementation of a case-based classifier approach. 

Performance evaluation has been presented taking cases from practitioner's 

floor. 
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I CHAPTER 2 

The medical domain 

2.1. Introduction 

Remedial of ailment is one of the oldest disciplines in our civilization dealing 

with human life which deeply affects our individual and societal wellbeing. This 
needs a core functional knowledge, called medical domain. But today's medical 

domain is context dependent and thus more broaden. It includes patient, 
physician, care-givers, hospital, laboratory, medicine, instruments, technology, 
concepts and activities. These activities on medical knowledge may be patient
specific, point-of-care decision support, computer-based entry, referral, clinical 

result interpretation, consultation, adverse event monitoring, scheduling, 
shared patient-doctor decision-making, generation of alerts and reminders, and 
many others. The core functional knowledge is that 'anything related to the 

past, present or future physical or mental health condition of a person'. The 
application of this knowledge can be measured by maintaining health 
information or medical records. Experience doctors are using about two million 

pieces of such information for managing their patients [1]. Medical decision 
making requires combinatorial analysis to comprehend patients' uniqueness and 

avoid harmful, unnecessary trial and error. It holds key information about the 

health status of the patient and also is a medium of communication among 

physicians during delivery of services. Apart from healthcare related uses, this 

information is also utilized for research, education and planning purposes. 

Therefore, medical knowledge, medical I healthcare information I record I data 
are co-relational, indistinguishable and mutually dependent. Hence it should be 
expected that such an important domain has to be backed up with every 
possible science and technology. 

2. 2. Diversity of medical domain 

It is well-known that application of medical knowledge gives rise to information 

and records. For this reason, the environment of medical domain not only 

depends on its knowledge, but also the characters of information, records, 

process activities, concepts and other components are equally responsible. A 

representation of the diversity of medical domain can be visualised from figure 

2.1. 



( Sensitive ) 
_______. ( Uncertain and Incomplete ) 
--+( Huge in size ) 

Medical 
--+( Unstructured 

J 
Domain 

High Degree of Complexity 

No Standard Terminologies 

( High variability of expression 
J 

Applicability/Usability 

Controlled by Law & Ethics 

Fig. 2.1. Diversity of Medical Domain. 

2.2.1. Extremely sensitive 

Information of health records is usually extremely sensitive. As medical data are 

collected on human subjects, there is an enormous ethical and social tradition 

designed to prevent the abuse of patients and misuse of their data. 

Inappropriate use or disclosure of personal health information, whether 

accidental or deliberate, has the potential to cause embarrassment or distress. 

It may have other serious consequences, if health data were passed to insurance 

companies, banks or employers. A large number of patients desire to protect 

their personal information, such as prescription to patients for oral 

contraceptives or tranquillisers; data about sexual or mental health, alcohol or 

substance abuse, violence or termination of pregnancy. 
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Experience or fear of inappropriate disclosure might induce patients to withhold 

information from a health professional or even avoid medical treatment 
altogether. Breaches of confidentiality in healthcare usually cause either no 

apparent harm or some personal psychological harm, while accessibility of 

healthcare data may causes medical-application errors including death. 

2. 2.2. Uncertain and incomplete in Nature 

Uncertainty in medical practice is impossible to remove, despite great scientific 

advances over the last century. Renee Fox, in her landmark studies of 

uncertainty in medical practice in the 1950s, characterised three types of 

uncertainty: the uncertainty of medical knowledge, the uncertainty of the 

practitioner, and the uncertainty in discerning between these two types of 

uncertainty [2]. The main sources of these uncertainties arrive from (i) poor 

defined subjective problems, (ii) confusing and contradictory presentation by 

patient, leads to imperfect, inconsistent, or even inaccurate information [3]. 

Often times in structured selection problems the final answer is not known with 

complete certainty. The expert's rules might be vague, and the user might be 

unsure of answers to questions. A detail about uncertainty in medical domain 

has been discussed in chapter 7, 

2.2.3. Huge in size 

Medical knowledge has been estimated to double every six years which poses a 

big challenge for healthcare professionals/workers to stay up-to-date and 

deliver effective services [4]. The introduction of new technologies such as 

assisted reproduction, gene therapy, life support etc., medical domain 

becoming vast and doctors are faced with new choices and dilemmas. 

2.2.4. Unstructured 

Medical information can be found in free-form text in various storage locations 

and can be acquired through public health and healthcare organizations, which 

could be medical language extraction and encoding systems from books, 

journals, website; an input from a keyboard, a handwriting device, a voice 

microphone, transcription service or others. This unstructured medical 

procedure and health-care records is not a novice problem, still remains a 

challenge. Several attempts have been made to implement structure in patient 

medical records. 
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A major reason for their lack of success is primarily that physicians (or 
clinicians) were forced to structure their data entry according to the systems. 
Dealing with data entry is still one of the grand challenges in healthcare system 
development [5, 6]. 

2.2.5. High degree of complexity 

Medical domain and problem solving is considered a highly complex 
phenomenon. 

During clinical investigation, physicians work in doubtful situations, as relevant 

information is often m1ssmg. Additionally, the basic pathophysiologic 
mechanisms that underlie medical problems are often not completely 

understood. Even if the mechanisms of an isolated system's contribution to the 
problem are understood, their interactions with other systems may cause their 
behaviours to vary [7]. 

People and primary care organizations are examples of complex systems. They 

have emergent properties that are not explainable using linear models of 

interaction or causality. Seemingly similar complex systems such as people or 
organizations become diverse as small differences become amplified through 

interaction and feedback. The history of a complex system influences its current 
properties and these constantly evolve [8]. 

2.2.6. No standard terminologies 

Subjectivity is an inherent nature of medical knowledge. Medical authorities 
concentrate on establishing a standard/common medical terminology for 
practicing physicians. However, a language that is not expressive enough risks 

the chance of not fulfilling its intentional purpose. The trade off between 
expressiveness and tractability is one of the major challenges to deal with, 

though a good number of works already have done. This lack of standards 
terminologies implies treatment conflict and interoperability problems. 

2.2.7. High variability of expression 

When analyzing medical texts, one of the main difficulties is the recognition of 

the multiple variants of a unique term, which are integral part of natural 

languages. It is not rare that more than 20 variants are eligible in place of a 

term, even if, on a pragmatic point of view, this variability seems to be 

restricted by local usage. This is true for several reasons: first, not all authors 

respect the scholar style of natural language, especially when they are not using 
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their native language; second, human beings are excellent to distinguish 
themselves from others and some persons like to be different, including when 
formulating medical utterances; third, the evolution of languages is not under 
control of any institution. Therefore, it is required from a good text analyzer to 
cope with all variants of a term, including the rare ones and even the incorrect 
ones (9]. 

Not only is the body of knowledge highly variable but also the practice changes 
from time to time and place to place. This means a particular instance of a 
medical situation may not be valid at all times. 

2. 2.8. Applicability/Usability 

Usability refers to the extent to which a product can be used by specified users 
to achieve specified goals in an effective and efficient manner, to the 
satisfaction of these users. According to the international standard ISO 9241-11, 
the usability defined as 'the effectiveness, efficiency and satisfaction with 
which specified users achieve specified goals in particular environments' [10]. A 

set of medical knowledge for a specific illness can be use multiple times for 
multiple patients. Most of the medical knowledge move towards with a single 
template form for a definite ailment and applicable exactly in a precise field. 

Computerisation of medical knowledge and records are becoming popular and 
increasingly shared between large health care teams, sometimes from 

far/remote location. In such cases, usability of resources means 'physical 
availability', where searchability, understandability and clinical applicability of 

information are factors affecting the time it took to access useful information. 

Usability factors should be encompassed safety, usefulness, and cost
effectiveness. In clinical environment, applicability criteria include patient 
participation, which is increasingly recognized as a key component in health 

care processes and is advocated as a means to improve patient safety. 

2.2.9. Controlled by law and ethics 

Medical ethics is the field of study dealing \Nith moral problems created by the 
practice of medicine. Codes or statements of ethical principles have existed to 

guide medical practitioners for almost 2500 years. Their purposes are to ensure 

the community receives the highest standards of care and to prevent doctors 

abusing the trust and power granted to them by the community. As medical 

records are extremely sensitive, it is protected and controlled by 

laws, regulations, policies, certification requirements and ethics. 
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2.3. Impact of medical domain in society 

The importance of health acts as a key indicator of economic success in any 

country. Medical data has been the 'gold standard' for calculating performance 

measures. The relevance and importance of accurate and reliable medical data 
on health care services has increased manifolds for proper formulation and 

effective implementation of various strategies as follows: 

• Responsible for man's well-being and to cultivate a holistic social 

understanding of personhood. 

• Provides comparable information for government, doctors, patients, 

researchers and other stake holders. 

• Helps improve the work of doctors and physicians as well as make their 

practice prosperous and treatments more accurately, possibly helping to 

save more lives. 

• Provides policy-makers to evaluate effectiveness, facilitates in building 

policies as well as to adjust their plans, strategies and programmes as 

necessary for communities and populations. 

• To understand the risk factors such as environmental exposures to 

diseases, interventions requirement etc. 

• Keep the medical industry to improve their product and technology. 

• Educates and empowers people to develop a dialogue with provider. 

results in cost-effective treatment plans. 

Based on the medical statistics, health policy makers of different countries are 

building and nnplementmg different kinds of developmental programmes in their 

11ealth sector. However, the success of these programmes could not reach in 

effective figures, mainly due to inadequate infrastructure and severe lack of 

human resource. The most warn issue is that an estimated of 60 million deaths 

occurs every year worldwide and out of this about 46 million is belong to 

developing countries. In India, this figure is about 9. 5 million, which is about one 

in six of all deaths worldwide [11]. 

This could be improve by taking initiative of accepting and using ICT to make it 

global accessible and by disseminating appropriate awareness and education 

programme to communities, so that the very fast medical care may provide by 

the family members/parents. This is a broad motivation of this thesis. 
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2.4. Medical reasoning 

The basis for medical decisions, diagnostic reasoning requires the collection, 

understanding, and use of many types of patient information, such as history, 

lab results, symptoms, prescriptions, images, and so on. Medical reasoning 
describes a form of qualitative inquiry that examines the thought processes 

involved in making medical decisions. It is affected by not just the expertise of 

the clinicians but also by the way the information is acquired, stored, 

processed, and presented. Medical cognition refers to studies of cognitive 

processes, such as perception, comprehension, decision making, and problem 

solving in medical practice itself. 

The reasoning process may be either forward chaining or backward chaining. 

The forward chaining starts from assertions and rules, generate new assertions. 

It works from a set of facts and rules towards a set of conclusions, diagnoses or 

recommendations. When a fact matches the antecedent of a rule, then rule 

fires and conclusion added to facts. 

Backward chaining starts from rules and goal assertions and derive evidence of 

assertion. Backward chaining is used, when proving a particular conclusion. It 

works back from a conclusion towards the original facts and when a conclusion 

matches the conclusion of a rule in the database, the antecedents of the rule 

are compared with facts in the database. 

Though clinicians are rational decision makers, the outcome of the reasoning 

and decision making process affects clinicians' task performance, when they 

uses either source-based or time-based or concept-based medical knowledge. 

Source-based flashes organize medical information by the sources of the data, 

such as encounter notes, lab reports, medications, lab results, radiology imaging 

and report, physical exams, and so on. Time-based displays organize medical 

data as a temporal history of patient data. Concept-based displays organize 

medical data by clinically meaningful concepts or problems. For example, 

source-based displays are good for clinicians to retrieve information for a 

specific test or procedure from a specific department, whereas concept-based 

displays are good for the search of information related to a specific disease 

[12]. 
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2.5. The heuristic nature of medical decisions 

The word 'heuristic' was initially coined by the Greeks, its original form was 
heuriskein, which meant 'to discover'. Historically, heuristic methods have been 

used to solve complex and nonlinear business problem types, such as frequently 
occur in medicine, finance, and other business areas. While heuristics provide 

an agile means to quickly evaluate complex independent variables to make a 
decision for a specific business problem, heuristics by their nature may not 
always provide an optimal solution. 

Heuristics, the branch of artificial intelligence, uses the commonsense rules 
drawn from experience derived knowledge to solve problems. Heuristic 

programming is characterized by programs that are self-learning and get better 
with experience. Hence it does not always reach the very best result but usually 
produce a good result. 

A heuristic is defined as any 'rule of thumb', that is a decision making model, 
that enables rapid decision making in domains where complete information 

regarding the decision making problem is either very complex or ill-structured. 

There are primarily two types of heuristics: (i) Descriptive heuristics describe a 

situation or context but do not provide any guidance on how to resolve it, and 
(ii) Prescriptive heuristics provide guidance about what to do about a specific 

situation. In the realm of medical decision-support systems, the term 'heuristic 
systems' is often considered to be synonymous with 'medical artificial 
intelligence systems' or with 'systems employing informal model(s) of problem 
solving'. 

Most physicians have in mind two or three possible diagnoses within minutes of 

meeting a patient, and they tend to develop their hunches from very incomplete 
information. To make diagnoses, most doctors rely on this kind of shortcuts and 

rules of thumb. Though physicians cannot function without heuristics, they are 

prone to biases, which lead them confusion [13]. 

• Representativeness Bias: Doctors make (representative) errors when their 

thinking is overly influenced by what is typically true; they fail to consider 

possibilities that contradict their mental templates of a disease, and thus 

attribute symptoms to the wrong cause. 

• Availability Bias: The tendency to judge the likelihood of an event by the ease 

with which relevant examples come to mind. 
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• Affective Errors: When doctors confronted with uncertainty and tried to make 

decision for betterment of patient based on best aspirations. 

2. 5.1. Vagueness and impreciseness of medical knowledge 

Indecisiveness is the central, critical fact about medical reasoning. Though 

medical domain is a systematic and empirical scientific discipline, many 

traditional mathematical techniques fail when they are applied to medical 

problems. The reasons for this may be the inherent inexactness of the 

knowledge and vagueness of the concepts that are used to denote the medical 

facts. 

Medical knowledge generally deals complicated problem domain. In addition, it 

is uncertain and incomplete in nature and the concepts used to denote medical 

entities are vague. To encompass this diversity of medical knowledge, a number 

of different heuristic have been developed. There are substantial evidence that 

heuristic have been applied in highly complex environments of medicine. 

Optimal situational awareness occurs when physicians find the appropriate fit 

between cognitive level and task complexity - this in turn leads to good 

decision-making [14]. The cognitive continuum of decision-making runs from 

informal/intuition at one end to calculation/analytical at the other (Table 2.1) 

and the nature of tasks runs from simple to complex. The trick lies in matching 

the appropriate cognitive activity to the particular task [15, 16]. 

Table 2.1. Characteristics of intuitive vs. analytical approaches in 

decision-making. 
-~--~-------------

Characteristics Intuitive Analytical 
Cognitive style Heuristic Systematic 
Cognitive awareness Low High 
Conscious control Low High 
Automaticity High Low 

-------, 
I 

Rate Fast Slow 
Reliability Low High 
Errors Normative distribution Few but large 
Compliance High for answer Low for answer 

Low for method High for method 
Effort Low High 
Predictive power Low High 
Emotional valence High Low 
Detail on judgement process Low High 
Scientific rigidity Low High 
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Medical decision theorists evaluate their models to take greater cognizance of 
non- actuarial factors in clinical judgement. Developers of medical expert 

systems have mainly focused on 'uncertainty in narrower sense' applying 
method of probability and evidence theory to reason under uncertainty. Another 

approach of modelling uncertainty in decision making uses certainty factors to 
accumulate evidence and to decide on likely identities. Uncertainty caused by 

the incompleteness of information has been modelled by non-numerical 
characterizations. Different tools for managing uncertainty and their 
applicability in medical domain has been discussed in chapter 7. 

2.6. The paediatric domain 

The paediatric domain is the subset and most sensitive medical domain as they 
constitute a large population group and are vulnerable or special risk group. The 
risk is related with growth, development, disease pattern and survival. From the 
commonly accepted indices, it is evident that mortality rates in the paediatric 
age group are higher than adult population especially in developing countries. 
Thus by improving the health of children, we contribute to the health of the 
general population. These considerations have led to the formulation of special 
health services for children all over the world. 

Child mortality is a sensitive indicator of a country's development and telling 
evidence of its priorities and values. Investing in the health of children is not 
only human rights imperative, it is a sound economic decision and one of the 
surest ways for a country to set its course towards a better future. In any 
community, children constitute a priority group. In India, children less than 14 
years of age are about 33.5% of total population as per the Govt. of India SR 
report 2005 and in every 1.25 seconds one child is born [17]. By virtue of their 
numbers, children are the major consumer of health services. 

According to the United Nations Children's Fund (UNICEF) report, in the 
developing world every year over 10 million children under five years of age die 
and the large proportion of it is from causes that are preventable through a 
combination of good care, nutrition supply, and medical treatments. 

Considering the acute needs of well-being of children throughout the world, 

United Nations have included it as its number four Millennium Development 

Goals (l·ADG 4), which aims to reduce the global rate of under-five mortality by 

two thirds by 2015. Though child deaths around 13 millions in 1990 to 9. 7 million 

in 2006 reaches, (Table 2.2) additional efforts are require meeting the target to 

around 4 million by 2015 [18]. In India itself, in 2006 about 2.1 million children 

die before their fifth birthday and despite reduced rate of infant and child 
mortality in the last 15 years, it is still as high as 57 and 74, respectively [19). 
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In view of this, let us have an acquaintance with the child health scenario and 
its statistical importance of India as well as world on under-five mortality. 

Table 2.2. Estimated number of under-five deaths, by region, 2006 [20]. 

Region 

Sub~Saharan Africa 

Middle East and North Africa 

South Asia 

East Asia and Pacific 

Latin America and Caribbean 

CEE/CIS 

Industrialized countries 

TOTAL 

Numbers (in '000) 

4,800,000 

400,000 

3,100,000 

900,000 

300,000 

100,000 

100,000 

9,700,000 

m Latin AtTHJrcc~ ,<nd 
Car1bbc,m 

CH/CiS 

Fig.2.2. Under-five mortality rate (per 1000 live births) by region, 2006 [20]. 
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2.6.1. Statistical importance 

As stated above, statistically children constitute a priority group. This is further 
confirmed by the tables 2.3, 2.4, and 2.5 showing the age wise distribution. 

Table 2.3. Percent distribution of estimated population by age-group, sex 

and residence, 2005 [21]. 

Age 
Total Rural Urban 

Group 

Total Males Females Total Males Females Total Males Females 

1 2 3 4 5 6 7 8 9 10 

0-4 10.4 10.6 10.3 10.9 11.1 10.7 9.1 9.2 9.0 

5-9 11.9 12.1 11.8 12.7 12.8 12.5 10.0 10.2 9.9 

10-14 11.2 11.4 10.9 11.6 11.9 11.3 10.1 10.2 9.9 I 
-~---'------- ---- ----'--------'---------· --- - -----·-" -~-- -----·' 

Table 2.4. Total population, population annual growth rate (%) and 
population proportion under 15 of South-East Asia region in 2006 [22). 

Population Annual growth Population 
Country 

(in thousands) rate(%) proportion under 15 

Bangladesh 155991 1.8 35.0 

Bhutan 649 1.8 32.0 

DPR Korea 23708 0.4 24.0 

India 1151751 1.5 33.0 

Indonesia 228864 1.5 28.0 

Maldives 300 1.2 33.0 

Myanmar 48379 0.9 27.0 

Nepal 27641 2.0 38.0 

Sri Lanka 19207 0.5 24.0 

Thailand 63444 0.7 21.0 

Timor-Leste 1114 4.3 45.0 
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Table 2. 5. US resident population by age and sex, 
2003 [23]. 

In thousand 

Years Male Female Total 

Under 5 10,105 9,664 19,769 

5 to 9 10,120 9,655 19,775 

10 to 14 10,857 10,337 21,193 

15 to 19 10,519 9,959 20,477 

Total 143,037 147,773 290,810 

To relate the spending in the Indian health system to international figures, the 
following tables 2.6, 2. 7 present information on health expenditure for selected 
countries. India's public health expenditure as a percentage of Total Health 
Expenditure (THE) is much lower than in several high income as well as low 
income countries, but THE as a % of GDP is higher than in countries such as 
China, Nepal, Thailand, Malaysia, Sri Lanka, Indonesia, Pakistan, Bangladesh. 

Table 2.6. Total health expenditure (THE) in India, 2001-02 [24]. 

! Per capita Dist. of THE as a 
/ Expenditure Exp. in Rs OOOs 

exp. (in Rs) THE(%) %of GOP 
I 

20.3 
0.94 11. Public expenditure 214,391,018 207 

2. Private expenditure 818,104,032 790 77.4 
3.58 

I 13. External Support 24,846,646 24 2.3 0.11 

1 Total Health 
1,057,341,696 1021 100.0 4.63 

! Expenditure 
"--"-~------"-·-

GDP at Market Prices # 22,81,30,50000 
i 

#As per new series (base: 1999- 2000) of National Accounts Statistics, CSO dated 28 Feb. 2006. 
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Table 2. 7. Level of health spending in selected counties, 2002 [24]. 

Country 
THE as a% Public exp on health 

of GOP as a% of THE 

USA 14.6 44.9 

Germany 10.9 78.5 

France 9.7 76.0 

Canada 9.6 69.9 

UK 7.7 83.4 

Brazil 7.9 45.9 

Mexico 6.1 44.9 I 
I 

China 5.8 33.7 

Nepal 5.2 27.2 

Thailand 4.4 46.7 

Malaysia 3.8 53.8 

Sri Lanka 3.7 48.7 

Indonesia 3.2 36.0 

Pakistan 3.2 34.9 

Bangladesh 3.1 25.2 

India S 6.1 20.7 
! 

--------------'------ --- --· -·--~---------------·-- ---- ·-·- ····-
_, _______ 

S Estimates for india from this report is 4_ 6%, 

2.6.2. Children in developing countries 

The total dependence of child on adults for survival and development puts them 
in an extremely vulnerable situation. In most societies, the parents or the close 

relatives look after the children. In many countries, some economically 
advanced and others with a socialistic pattern of government, the State plays a 

major role in child care ensuring that his basic health and education 
requirements and physical needs are met with. 

Many developing countries, by and large, face some problems in this regard. 
India, in view of its vast population, leads in numbers. The number of those 
suffering from malnutrition and chronic diseases such as tuberculosis is 
extremely high. We have serious problems of child labour, destitute children, 
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child prostitution and various other forms of child abuse and neglect and 

discrimination against the girl child. Adequate care and full opportunities for 
development (stimulatory environment, proper education, health care) are 
available largely to the small affluent section of the society. 

With the alarming increase in population the factors like poverty, illiteracy and 
ignorance, poor state of village environment (where the majority of children 

live), and increasing urban slums are responsible for leading to a poor quality of 

life for the majority of our children. Child survival has been improved, as 
indicated by a decline in various indices of mortality, but/however, the 

necessary inputs towards various other needs of children have been grossly 
insufficient. 

Besides, curative and preventive health care, comprehensive child care 
comprises various aspects of child development including a stimulatory 
environment, education and prevention of child abuse and exploitation. The 

later encompass a spectrum of cruelty to children from mild forms of neglect to 
employment in hazardous industries. Problems like child labour, sexual abuse 

and child prostitution are also very serious. These problems are multifactorial. 
Society as a whole has to think in these matters. 

2.6.3. Age related health problems in India 

The morbidity and mortality patterns vary from one age group to another. For 

example, congenital anomalies are common during early months of life, 

haemolytic diseases, hypoxic-ischemic-encephalopathy, aspiration syndromes, 

RDS are unique problems of neonates. Sudden infant death syndromes are 

common during infancy. Rotaviral diarrhoea is seen below two years of age. 

Infections and infestations are common during almost whole of the childhood. 
Personality disorders are the problems of adolescence. Age related common 
health problems are narrated in table 2.8. 
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Table 2.8. Age related health problems chart. 

Age group 
Perinatal period 

Neonate 

Infant 

Disease 
Still birth 
Congenital disorder 
LBW, 
Respiratory distress syndrome, 
Complications of pregnancy, 
Haemolytic disease, 
Hypoxic ischemic encephalopathy, 
Congenital anomalies, 
Malformations, 
Aspiration syndromes, 
Metabolic disturbance of neonates. 1 

Congenital anomalies, 
Sudden infant death syndromes, 
RTI, 
Diarrhoeal diseases, 
Infections and infestations, 
Accidents and adverse effects, 
Malnutrition. 

f-----------1----------------
T oddler and Pre- RTI, 
school 

I 
I 

I School going 

Diarrhoeal diseases, 
Infections and infestations, 
Accidents, 
Malnutrition, 
Behavioural problems: 

Habit disorders. 
Parasitic Infestations, 
Deficiency diseases, 
RTI, 
Infectious diseases, 
Malnutrition, 
Diarrhoea, 
Injury and accident, 
Behavioural disorder: 

a) Personality disorders, 
b) Psychosomatic disorders, 

Diseases of the skin, eyes, ears, 
teeth. 
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2.6.4. Burden of the diseases 

About half of under-five deaths occur in six countries with large populations: 
India, Nigeria, Democratic Republic of Congo, Ethiopia, Pakistan and China. 

Although most of the countries with the highest numbers of child deaths have 
large populations, such as India and China, children in many smaller countries 

have a higher death rate [25]. More than 90% of World's children are born each 
year in the developing world. Nearly 26,000 of them die each day most from 
common and preventable problems. Health and illness for these children are the 

result of a complex dynamics of environmental, social, and economic factors. 

India is also facing the similar problem. 

Table 2. 9. The ten countries with the highest numbers of 
child deaths, 2005 [25]. 

In thousands 
Country Population Number of Number Under-5 

children of child mortality 
born per deaths rate 
year per 

year 
India 1,103,371 25,926 1,919 74 
Nigeria 131,530 5,377 1,043 194 
DR of 57,549 2,873 589 205 

1 Congo 
I Ethiopia 77,431 3,104 509 164 
Pakistan 157,935 4,773 473 99 

1 China 1,315,844 17,310 467 27 
Afghanistan 29,863 1,441 370 257 
Bangladesh 141,822 3,747 274 73 
Uganda 28,816 1,468 200 136 

767 199 260 

I 
! 

; 

, Angola 15,941 
. - -"--·--- - ··-- -------~------·--~ 

• Respiratory diseases 

Acute respiratory infection (ARI), particularly Pneumonia is one of the leading 

causes of health problem. Every year, developing countries experience more 

than 150 million episodes of under-five pneumonia. On an average, a child in 

both developed and developing countries has 5 to 8 attacks of ARI annually. The 
incidence and severity of Pneumonia are not spread evenly around the world. 

The incidence of Pneumonia is almost constant in children in developed 
countries, varying 3-4 percent a year. This is the disease that kills the most 

33 



children, around 2 mill1on each year, accounting for close to one fifth of all 
under-five deaths. In addition, up to 1 million more 1nfants perish from severe 
infections, including pneumonia, during the neonatal period. South Asia and 
sub-Saharan Africa, where 85 per cent of childhood pneumonia deaths occur, 

have the lowest treatment costs and could be saved through universal treatment 
with antibiotics at a nominal annual cost. 

• Acute diarrhoeal diseases 

Diarrhoea diseases are major health problem and the second leading cause of 
child deaths worldwide, accounting for nearly 2 million deaths a year among 

children under five in 2006. The incidence of diarrhoeal attack was calculated 
may be 6-12 episodes per child per year in most developing countries. The total 

diarrhoea morbidity for a given child may be as high as one third of its first two 
years of life. Preventing diarrhoeal episodes is critical to reducing deaths. Oral 
rehydration therapy (ORT) has been the basis of treatment for more than two 

decades for childhood diarrhoeal diseases. The present recommendations are: 
exclusive breastfeeding during the first six months of life, complementary 

feeding beginning at six months and increasing vitamin-A supplementation rates 

along with ORT. Other measures like improving hygiene, hand washing with soap 

and water, increasing the use of improved drinking water sources, sanitation 

facilities, promoting zinc supplementation and vaccination a~.ainst rotavirus are 
also advocating. 

• Malaria 

Malaria is one of the leading causes of child mortality. About 85 percent of 
malaria deaths occur in children under the age of five, in which Africa 

contribute 88 percent and that of 76 percent by Eastern Mediterranean [26]. 
Pregnant women are most vulnerable to malaria, which can result in both 

maternal and fetal death, low birth weight in newborns, and anemia. 

Four kinds of parasites are responsible for malaria: these are Plasmodium 

falciparum, P. vivax, P. ovale and P. Malariae. These are transmitted through 

the bite of an Anopheles mosquito. The Roll Back Malaria Partnership, formed in 

1998, has significantly raised attention and mobilized resources for malaria 

prevention and control. Malaria-endemic countries and their development 

partners have at their disposal several highly effective and cost-efficient tools 

for both prevention and treatment, such as insecticide treated mosquito nets, 

preventive treatment for pregnant women and anti-malarial drug combination 

therapy. 
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• Neonatal mortality 

Neonatal mortality accounts for almost 37 per cent of all under-five deaths in 

the world. The main causes are infection, pneumonia, pre-term birth and 
asphyxia. Neonatal mortality is prone to poor communities as this is related with 
poverty, mother's infection, low nutritional status and less access to effective 
care. This could be eliminated by in-time care of mother and institutional 

delivery in presence of doctor /skilled birth attendant. Practice of breastfeeding 
to child is also an important factor to survive the child. Delivery of cost
effective interventions through outreach, families and communities, and 

facility-based clinical care could be prevented 90% neonatal death each year 
[27]. The cause specific newborn mortality is presented in table 2.1 0. Table 

2.12 shows the percent of death causes of under five children of South-East Asia 
Region in 2000 [28]. 

Table 2.10. Percent of newborn mortality, by source [18]. 

Cause of Death 
Global burden of 

Disease, 2004 

Neonatal infections 
25 

(sepsis, pneumonia, etc.) 

Preterm 31 

Asphyxia 23 

Tetanus 3 

Diarrheal diseases 3 

Congenital 7 

Other 9 
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Table 2. 11. Deaths among children under five years of age due to 
causes(%) of South-East Asia region in 2000 [28]. 

~VI «l 
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c >O I- ctl Vl «) VI .s::."' E 
::J ,_ Q) J:<( ::J -;a «l c ::J ...... ::J 
0 ,_ VI . ....., Q) 0 «l 0 «l ::J 

«l ·~ £ ~ ~ Q) v Q) u p" c v c 
0. 

Bangladesh 20.0 0.0 2.7 0.7 2.0 45.4 11.4 17.6 

Bhutan 20.9 0.7 2.4 0.8 1.2 38.9 16.3 18.8 

DPR Korea 18.9 0.7 3.0 0.7 0.8 41.8 18.9 15.2 

India 20.3 0.7 2.2 0.9 3.7 45.2 8.5 18.5 

Indonesia 18.3 0.0 2.8 0.5 4.7 37.6 21.8 14.4 

Maldives 20.3 0.7 2.5 0.6 0.1 45.1 13.1 17.5 

Myanmar 21.1 0.9 2.0 9.0 2.4 39.1 6.2 19.3 

Nepal 20.5 0.2 2.3 0.8 2.7 43.5 11.5 18.5 

Sri Lanka 13.5 0.0 5.4 0.4 1.7 59.5 10.9 8.5 

Thailand 16.2 6.2 4.8 0.3 0.1 44.9 16.0 11.5 

Timor-
21.9 0.7 1.9 0.4 3.5 32.3 19.7 19.6 

Leste 

'-- . -

2.6.5. Indicators and denominators in India 

• Mortality rate in infancy childhood 

I 

I 

Mortality rates are good indicators to measure the level of health and health 
care in different countries. They also help in assessing the overall socio
economic development of a country and correlate well with certain economic 
variables such as GNP. Medical and social progress have substantially reduced 
mortality rate in childhood. 
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• Perinatal mortality rate 

Perinatal mortality is one of the most sensitive indices of maternal and child 

health. The perinatal mortality rate is an indication of the extent of pregnancy 

wastage as well as the quality and quantity of health care available to the 
mother and the new born. Various factors are known to be associated with 

perinatal morbidity and mortality including socio-economic status, parity of the 

mother, quality and quantity of prenatal, intranatal and neonatal care. 

Provision of special care to mothers at risk is mandatory to bring about a 

reduction in preventable death rate. 

About two-thirds of all perinatal deaths occur among infants having less than 

2500 gm. birth weight. The causes involve one or more complications in the 

mother during pregnancy or labour, in the placenta or in the foetus or neonate. 

The main causes of death are intrauterine and birth asphyxia, low birth weight, 

birth trauma and intrauterine or neonatal infections. 

• Neonatal and post-neonatal mortality rate 

Neonatal mortality is a measure of the intensity with which endogenous factors 

(e.g., low birth weight, birth injuries) affect infant life. The neonatal mortality 

rate is directly related to the birth weight and gestational age; the tighter or 

more immature is the baby. the higher is the death rate. The higher 

concentration infant deaths in the early neonatal period with endogenous 

factors causes, suggests the need to improve the antenatal and post-natal 

services to expectant mothers. However, neonatal mortality is the most difficult 

part, of infant mortality, to alter, because of the endogenous factors which are 

not sensitive to improvement in environmental conditions. Neonatal mortality is 

greater in boys throughout the world, because newborn boys are biologically 

more fragile than girls. Deaths occurring from 28 days of life to less than one 

year are called post neonatal death. The causes of neonatal and post neonatal 

mortality are given under table 2.12 [29]. Table 2.13 shows the status of infant 

and neonatal mortality of South-East Asia region. 
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Table 2. 12. Causes of neonatal and post neonatal mortality (29]. 

Neonatal mortality 

(0-4 weeks) 

1. Low birth weight 

2. Birth injury and difficult labour 

3. Congenital anomalies 

4. Haemolytic diseases of newborn 

5. Conditions of placenta and cord 

6. Diarrhoeal diseases 

7. Acute respiratory infections 

8. Tetanus 

20 
18 
16 
14 
12 
10 

6 
4 

2 
0 

8 8 

3 2 

I• 

10 

I_ 

Post-neonatal mortality 

(1-12 months) 

1. Diarrhoeal diseases 

2. Acute respiratory infections 

3. Other communicable 
diseases 

4. Malnutrition. 

5. Congenital anomalies 

6. Accidents 

19 
17 

10 

3 3 

II 

Fig.2.3. Global distribution of cause-specific mortality among children 
under five (20]. 
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Table 2.13. Infant mortality rate (2006) and neonatal mortality 
rate (2004) of South-East Asia region. 

Country Infant mortality rate Neonatal mortality rate 

Bangladesh 52.0 36 

Bhutan 63.0 20 

DPR Korea 42.0 22 

India 57.0 39 

Indonesia 26.0 17 

Maldives 26.0 24 

Myanmar 74.0 49 

Nepal 46.0 32 

Sri Lanka 11.0 8 

Thailand 7.0 9 

Timor-Leste 47.0 29 

• Infant mortality rate (IMR) 

The infant mortality rate is one of the good overall indicators of health status. 
Infant mortality is given a separate treatment by demographers because (a) 

infant mortality is the largest single age-category of mortality, (b) deaths at this 

age are due to a peculiar sets of diseases and conditions to which the adult 
population is less exposed or less vulnerable, (c) infant mortality is affected 

rather quickly and directly by specific health programmes and hence may 

change rapidly than the general death rate. 

There are wide variations between countries or regions in the rates of infant 

mortality. The world average of IMR for 1995 has been estimated to about 60 per 

1000 live birth [18]. Hov·1ever, infant mortality rate varies from 6. 9 per 1000 live 

births in the developed countries to 106.2 per 1000 live births in the least 

developed countries. The average in the developing countries was 66.6 per 1000 
live births. India is still among one of the countries having high infant mortality 

rate. Infant mortality rate has declined slowly from 204 during 1911-15 to 129 
per 1000 live births in 1970 and remained at around 127 for many years, then 

declined a bit once again to114 in 1980 and to 110 in 1982, 74 in the year 1996, 
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coming down to 57 in the year 2006. Despite this significant decline, the rates 

are high as compared to developed countries (4-9 per 1000 live births) as shown 

in tables 2.14. Trends in infant mortality in South-East Asia region is shown in 
table 2.15. 

Table 2.14. Infant mortality rates in India 2001- 2006 [30]. 

SN Period Rural Urban Combined 

1 2001 72 42 66 

2 2002 69 40 63 

3 2003 66 38 60 

4 2004 64 40 58 

5 2005 64 40 58 

6 2006 62 39 57 

Table 2.15. Trends in the under five and infant mortality rate (per 1,000 live 
births), by region, 1990 to 2006 [20]. 

i Under 5 mortality rate Infant mortality rate l 
! 

Region I 1990 1995 2000 2005 2006 1990 1995 2000 2005 2006j I 

I Sub-Saharan 187 170 162 160 111 108 101 I 96 95 I Africa 183 i 
j 

Eastern and 165 158 145 133 131 102 98 91 84 83 I 
Southern Africa 

West and 208 205 193 187 186 119 117 111 107 107 
Central Africa 

Middle East and 79 65 55 47 46 58 49 42 37 36 North Africa 
i South Asia 123 109 96 85 83 87 79 70 63 62 
! East Asia and \ 

55 49 40 30 29 41 38 32 24 23 I 

Pacific 
Latin America 55 44 35 28 27 43 36 29 23 22 and Caribbean 

CEE/CIS 53 49 39 29 27 43 41 33 25 24 
Industrialized 

10 8 7 6 6 9 7 6 5 5 co.untries 
Developing 103 96 88 81 79 70 66 60 55 54 countries 

Least 
developed 180 168 154 144 142 113 106 98 91 90 
countries 

World 93 88 80 73 72 64 60 55 50 49 
INDIA 115 102 89 78 76 82 73 66 59 57 
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• Under-five mortality rate 

Under-five mortality refers to deaths occurring after birth but before five years 
of age. It is often used as an approximation for the probability of dying between 

the exact ages of 0 and 5 years. Another commonly used indicator is the child 
mortality rate which approximates the probability of dying between the exact 

ages of 1 and 5 years. 

A large part of the reduction in under-five mortality is accounted for by 
reductions in infant mortality. The successful implementation of immunization 

programmes in all countries resulted in a dramatic decline in infant and child 
deaths due to the six vaccines - preventable diseases. The implementation of 

diarrhoeal diseases and acute respiratory infection control programmes, 

improved sanitation, access to clean water, and better accessibility to health 
services have been other factors leading to the decline in under-five mortality. 

The global average for under-five mortality in 1996 was 81 per 1000 live births. 
In the developed countries. the rate was 8 per 1000 live births. In the 

developing countries, it was 89 per 1000 live births; in the least developed 

countries it was 153 per 1000 live births - 18 times higher than the rate of an 

industrialized nation. Child mortality has declined significantly during the past 
25 years, although the pace of decline has not been uniform among the children 

of different age groups in different countries. Globally, child mortality declined 
from 134 per 1000 live births in 1970 to about 81 in 1996, i.e., about 40% during 
the period 1970 - 1996. The milestone follows a global decline in the under-five 

mortality rate since 1990. The global rate to be reached by 2015 is 31 per 1, 000 
live births, and more than 60 per cent of countries have already reduced child 

mortality to this level [31]. Table 2.16. shows child mortality rate of some 

selected countries. 
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2. 16. Child mortality rate of some selected countries [18]. 

Country Neonatal Infant Under-5 
mortality Mortality Mortality 
rate, 2000 rate, 2006 rate, 2006 

Denmark 4 4 5 
France 3 4 4 
Germany 3 4 4 
India 43 57 76 
Netherlands 4 4 5 
Poland 6 6 7 
Singapore 1 2 3 
Spain 3 4 4 
Sweden 2 3 3 
Switzerland 3 4 5 
United Kingdom 4 5 6 
United States 5 6 8 

2.6.6. Importance of reducing low birth weight (LBW) rate 

Low birth weight is the major significant indicator of the chance of survival of a 

baby and its growth and development. It is thus an important guide to the level 
of care needed for individual baby. A preterm baby, whose gestational period is 

less than 37 weeks, is physiologically immature and is at a high risk of dying 

during the neonatal period. Low birth weight babies are at higher risk of death 
and severe morbidity than full term and full sized infants; not only during the 

neonatal period but also during infancy and childhood. 

It is estimated that low birth weight infants have a three or four times greater 

risk of dying from diarrhoeal diseases and acute respiratory infections. There is 
also evidence that there might be a link between low birth weight and 
cardiovascular disease, hypertension and diabetes in adult life. 

By International agreement low birth weight has been defined as a birth weight 
of less than 2.5 kg (up to and including 2499 gm); the measurement being taken 

preferably within the first hour of life, before significant postnatal weight loss 

has occurred [32]. Apart from birth weight, babies can also be classified into 3 

groups according to gestational age, using the words 'pre-term', 'term' and 
'post-term' as follows: 
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Pre-term: Babies born before the end of 37 weeks of gestation (less than 259 
days); 

Term: Babies born from 37 completed weeks to less than 42 completed weeks 
(259 to 293 days) of gestation. 

Post-term: Babies born at 42 completed weeks or any time thereafter (294 days 
and over) of gestation. 

A LBW infant then, is any infant with a birth weight of less than 2. 5 kg 

regardless of gestational age. 

LBW is one of the most serious challenges in maternal and child health in both 
developed and developing countries. Its public health significance may be 
ascribed to numerous factors - its high incidence; its association with mental 
retardation and a high risk of perinatal and infant mortality and morbidity (half 
of all perinatal and one-third of all infant deaths are due to LBW); human 
wastage and suffering; the very high cost of special care and intensive care 

units and its association with socio-economic under development [33]. 

LBW is the single most important factor determining the survival chances of the 

child. Many of them die during their first year. The infant mortality rate is about 

20 times greater for all LBW babies than for other babies. The lower the birth 

weight, the lower is the survival chance. Many of them become victims of 
protein-energy malnutrition and infection. LBW is thus an important guide to 

the level of care needed by individual babies. LBW also reflects inadequate 
nutrition and ill health of the mother. There is a strong and significant positive 

correlation between maternal nutritional status and the length of pregnancy and 
birth weight. A high percentage of LBW therefore points to deficient health 
status of pregnant women, inadequate prenatal care and the need for improved 

care of the newborn. 

2.6. 7. Socio-cultural and economical problems in India [34] 

The socio-cultural practices and the economic deprivation affect child's health 

more than adults. Few examples are given below: 

• The common practice amongst the Indian families specially in rural areas is 

to feed the male earning members and head of the family maximum and the 

best, followed by male childrens, female childrens and lastly mothers. In 

maximum cases these mothers suffer from scarcity of food both in quantity 

and quality. This is even aggravated during poor economic conditions. 

However, the recommendation of ICMR nutritional needs for pregnant 

woman 300 extra calories during pregnancy. When it is not fulfilled the 
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mothers suffer from anaemia and/ or nutritional deficiencies. The resultant 
effects on foetus and neonates are as follows : 

a) Low birth weight, both preterm and/or small for gestational age (SGA); 
b) Poor brain growth; 
c) Poor storage of iron in neonates leading to anaemia during infancy. 

• Certain beliefs and practices like offering honey, water, sugar water just 
after birth to neonates and not allowing to feed them colostrums leads to 

suppression of breast milk in mothers and deprivation of good effects of 

colostrums on neonates. Colostrums contain high concentration of protein 
and other nutrients the body needs. It is also rich in anti-infective factors 

which protect the baby against respiratory infections and diarrhoeal 
diseases. 

• The unhygienic ways of feeding neonates leads to Gastro-Intestinal 
infections. The cutting-off of umbilicus with unsterile blades, bamboo nail 
and application of cow dung may lead to Tetanus, Umbilical sepsis or 

septicaemia. The wide prevalent practice of hot fomentation with soot of oil 
lamps may lead to umbilical sepsis. Keeping the baby and mother in an 
unhygienic room may cause neonatal septicaemia. The practice of oil 

massage during early neonatal period in unhealthy way causes to abrations 

and skin infections. 

• The wrong advices by the unwanted female advicers regarding formula feed, 

buffalo milk, goats milk, cow's milk lead to suppression of breast milk, and 
increase in the diarrhoeal diseases, malnutrition amongst infants. 

• The mother's milk is sufficient for proper growth of infants up to 4 to 6 
months of the age after which supplementary feeds should be started. But, 

due to poor practices or cultural belief babies receive nutritionally poor food 

in unhygienic way. This further leads to malnutrition and diarrhoeal disease. 

• Other false belief i.e. eating rice in early age may lead to abdominal 

distension. Pulses and wheat cereals are not digested by the babies, and 
some fruits are too hot and some are too cold for the babies may lead to 
nutritional diseases. 
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• The cultural belief and practice may produce obstacles to the immunization 
programmes. Due to lack of immunization children suffer from 
communicable diseases like, Diphtheria, Tetanus, Measles, Whooping Cough 
etc. 

• Poor maternal literacy rate leads to unregulated family size and is the cause 

of nutritional gap, trauma, accident, less medical care, deficiency etc. 

2. 7. Integrated Management of Neonatal and Childhood Illnesses in India 

(IMNCI) [35, 36] 

During the 1990s, India could reduce the under-five mortality and infant 

mortality rates, the rate of neonatal deaths were not hopeful. Neonatal deaths 
were around two thirds of all infant deaths in the country in 2000 and around 45 
per cent of under-five deaths. Among these deaths, about half of neonatal 

deaths occur in the first week of life and could be prevent if parents recognized 

warning signs, undertook appropriate feeding practices or had access to skilled 
health workers and facility-based care. 

In 2000, the Government of India adapted the Integrated Management of 
Childhood Illness (IMCI) strategy to focus greater attention on neonatal care 
with specific actions taken to promote neonatal health and survival. The strategy 

adopted in IMNCI includes three main components: (i) Improvements in the case

management skills of health staff through the provision of locally-adapted 

guidelines on Integrated Management of Neonatal and Childhood Illness and 

activities to promote their use; (ii) Improvements in the overall health system 

required for effective management of neonatal and childhood illness; and (iii) 
Improvements in family and community health care practices. 

In practice, IMNCI consists of three home visits in the first 10 days after birth to 

promote best practices for the young child; a special provision at the village 
level for follow-up of infants with low birth weights; reinforcement of messages 

through meetings of women's groups and establishing a linkage between the 

village and the home; and assessment of the child at local health facilities based 

on referral. IMNCI is incorporated as part of the government's Reproductive and 
Child Health II programme, an integrated approach to women's health that aims 

to provide a continuum of care from birth until adulthood. The additional cost 

of adding the newborn component, mostly the home visits, is just US$0.10 per 

child. The overall case management process is summarized in figure 2.4. 
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(For all sick children age up to 5 years who are 
brought to a first -level health facility 

"AssESS the child: Check for danger signs (or "\ 

possible bacterial infection I Jaundice). Ask 
about main symptoms. If a main symptom is 
reported, assess further. Check nutrition and 
immunisation status. Check for other problems. 

\... / 

CLASSIFY the child's illness: Use a colour-coded 
triage system to classify the child's main symptoms 
and his or her nutrition or feeding status. 

IF URGENT REFERRAL l JIF NO URGENT REFERRAL J 
is needed and possible ) lis needed or possible 

IDENTIFY URGENT PRE-REFERRAL IDENTIFY TREATMENT needed for the 
TREATMENT(S) child's classifications: identify specific 
Needed for the child's classifications. medical treatments and/or advice. 

I 

TREAT THE CHILD: Give TREAT THE CHILD: Give the first dose of oral 
urgent prereferral drugs in the clinic ad/ or advise the child's 
treatment(s) needed. caretaker. Teach the caretaker how to give 

oral drugs and how to treat local infections at 

\... / 
home. If needed, give immunizations. 

" / 

tCOUNSEL THE MOTHER: Assess the child's "'\ lfREFER THE CHILD: Explain to the '\ 

child's caretaker the need for feeding, including breastfeeding practices, 

referral. Calm the caretaker's fears and solve feeding problems, if present. 

and help resolve any problems. Advise about feeding and fluids during 

Write a referral note. Give illness and about when to return to a 

instructions and supplies needed to health facility. Counsel the mother about 

~are for the child on the way to the her own health. 
/ 

I 

FOLLOW-UP care: Give follow-up care when 
the child returns to the clinic and, if 
necessarv. reassess the child for new 

Fig. 2.4. The IMNCI case management process [37]. 
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2.8. Status of rural health scenario in India 

With the above discussion it is evident that percentage of perinatal, neonatal, 
infant under-five, 1-4 year age, mortality rates in Indian rural region is high. 

The reasons behind high mortality rate have been discussed in brief. Large 
numbers of paediatric populations are living in rural region. To mitigate these 

problems proper infrastructure, manpower and treatment planning is required. 
This is also true for South-East Asia Region, which can be seen from tables 2.17, 
2.18, 2.19. For proper treatment planning the basic requirement is paediatric 

experts. Actual picture of paediatric expert distribution in rural region of India 
is given in chapter 9 (Table 9.2), which is not at all satisfactory. To mitigate the 
scarcity of expertise, automated consultation systems within expert systems 
framework may be useful. 

Table 2.17. Density of different health workers in (per 10000 populations) of 
South-East Asia region [38]. 
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Bangladesh 2005 3.00 2.00 <1 <1 3.00 <1 (2004) <1 <1 
I 

Bhutan 2007 <1 1.00 <1 <1 3.00 <1 <1 2.oo 1 

DPR Korea 2003 33.00 NA 4.00 <1 41.00 6.00 1.00 30.00 

<1 5.00 <1 7.00 
I India 2004 6.00 <1 <1 13.00 

(1991) (2003) (1991) (2003) 

Indonesia 2003 1.00 <1 <1 <1 8.00 <1 <1 1.00 

Maldives 2004 9.00 28.00 <1 5 27.00 7.00 NA 13.00 ' 
i 

Myanmar 2004 4.00 10.00 <1 <1 10.00 <1 <1 2.00 ! 
! 

Nepal 2004 2.00 6.00 <1 1 5.00 <1 <1 <1 

Sri Lanka 2004 6.00 NA <1 <1 17.00 <1 <1 <1 

Thailand 2000 4.00 <1 2.00 NA 28.00 3.00 <1 9.00 

Timor-
2004 1.00 

Leste 
20.00 <1 <1 22.00 <1 <1 20.00 
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Table 2.18. Total number of different kind of health workers in South-East Asia 
region [38]. 
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Bangladesh 2005 42,881 21,000 2,344 674 39,471 
9,411 

6,091 7,859 
(2004) 

Bhutan 2007 52 237 65 167 730 87 80 550 

DPR of 
2003 74,597 NA 8,315 

Korea 
950 93,414 13,497 2,685 67,957 

India 2004 645,825 50,393 
15,886 559,408 42,079 695,024 

55,058 
(1991) 

1,372,059 
(2003) (1991) (2003) 

Indonesia 2003 29,499 0 7,093 8,882 179,959 7,580 6,493 20,981 

Maldives 2004 302 919 14 168 886 241 NA 418 

Myanmar 2004 17,791 49,531 1,396 2,241 49,341 127 1,757 7,315 

Nepal 2004 5,384 16,206 359 3,209 11,825 358 172 1,892 

Sri Lanka 2004 10,479 NA 1,245 1,252 33,233 990 1,541 1,546 

Thailand 2000 22,435 3,601 10,459 NA 172,477 15,480 2,151 53,897 

Timor-
2004 79 1,657 45 36 1,795 

1 
14 I 22 j 1,665 

Leste I i ! L ______ ------ -~····--

Table 2.19. State/UT wise number of Govt. hospitals & beds in rural & urban 
areas (including CHCs) in India [39]. 

---

isN 
Reference 

State/UT Rural Urban Hospitals 
Total 

Hospitals Hospitals Period 
I No. Beds No. Beds No. Beds 
: ·-- . i India 6955 154031 3021 328491 9976 482522 

Andhra 
1 167 6220 192 28113 359 34333 01.01.2007 

Pradesh 

Arunachal 
2 36 379 30 1674 66 2053 01.01.2005 

Pradesh 

3 Assam 100 3000 NR NR 100 3000 01.09.2004 

14 Bihar 101 3030 NR NR 101 3030 01.09.2004 
I 

5 Chattisgarh 116 3514 22 2051 138 5565 01.01.2004 

6 Goa 9 452 11 2127 20 2579 01.01.2007 
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-·----- ---------- .. -. ·-· '1.483 ·- 229 .... 22200 --· ----
7 Gujarat 18832 1712 41032 01.01.2008 

.. , 

8 Haryana 56 1178 93 6484 149 7662 01.01.2008 

Himachal 
9 94 2146 55 5963 149 8109 01.01.2008 

I 
Pradesh 

/10A 
Jammu 

28 830 8 870 36 1700 01.01.2000 I I Division 

Kashmir 
10B 33 990 23 1255 56 2245 01.01.2008 

Division 

11 Jharkhand 47 1410 NR NR 47 1410 01.09.2004 

12 Karnataka 444 7290 424 35301 868 42591 01.01.2007 

13 Kerala 173 12450 77 15945 250 28395 01.01.2008 

14 
Madhya 

275 8179 102 11739 377 19918 01.01.2008 
Pradesh 

15 Maharashtra 424 15380 242 30593 666 45973 01.01.2007 

16 Manipur 24 669 4 1251 28 1920 01.01.2008 

17 Meghalaya 26 780 8 1839 34 2619 01.01.2007 

18 Mizoram 10 320 10 904 20 1224 01.01.2008 

19 Nagaland 123 1962 12 790 135 2752 01.01.2006 

20 Orissa 1623 5882 84 8668 1707 14550 01.01.2008 

21 Punjab 77 2100 172 8927 249 11027 01.01.2007 

122 Rajasthan 347 11850 128 20217 475 32067 01.01.2008 I 
23 Sikkim 29 700 3 820 32 1520 01.01.2008 

24 Tamil Nadu 533 25078 48 22120 581 47198 01.01.2008 

25 Tripura 16 500 15 1762 31 2262 01.01.2008 

26 Uttar Pradesh 397 11910 528 20550 925 32460 01.01.2007 

27 Uttarakhand 24 100 94 5413 118 5513 01.01.2007 

28 West Bengal 99 5171 284 44510 383 49681 01.01.2008 

29 A&N Island 6 355 1 450 7 805 01.01.2007 

30 Chandigarh 2 50 5 2150 7 2200 01.01.2004 

31 D8:N Haveli 1 30 1 130 2 160 01.01.2008 

32 Daman & Diu 2 52 2 140 4 192 01.01.2004 

33 Delhi 21 972 102 20220 123 21192 01.01.2008 

34 Lakshadweep 5 160 - - 5 160 01.01.2005 

35 Puducherry 4 110 12 3315 16 3425 01.01.2008 
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!CHAPTER 3 

Medical Informatics and Cyber Health Caret 

3 .1. Introduction 

If the physiology literally means the 'logic of life', and pathology is the 'logic of 
disease', then medical informatics is the logic of health care [1]. It is the study 
of the way, we think about patients, and the way the treatments are 
undertaken. It is study of how the medical knowledge is created, analysed and 
are shared among professionals and applied to the medical domain. Ultimately, 

it is the study of how we can establish proper health care management. 

Although the term 'medical informatics' (MI) appeared in the literature in 
around 1973, but the study is as old as when a doctor examined a patient, first 
recorded the findings and later used those information to his/her next patient. 
Medical informatics is as much about computers as cardiology is about 
stethoscopes. The field of medical informatics is concerned with computers, 
communications, doctors, patients, nurses and medical knowledge. 

The interests, rote and applications of information sciences in medicine are 
growing exponentially this decade, the Internet decade, compared to the last 
decade of Eighties. Not only the patient records are being stored and retrieved 

but it covers everything from the manner in which evidence is used in clinical 

decisions, how one decides which piece of knowledge is relevant to a particular 
situation, and ultimately to how medical knowledge itself is created. Another 
dimension has been added with the introduction of World Wide Web (www) and 
Internet services. It has resulted some new techniques, concepts and ideas (e.g. 
telemedicine). 

Summarily, medical informatics use more or less all methods of information 

technology such as acquisition, processing, control, interpretation, 
transformation, transfer and presentation of data for medical purpose. 

Networking of large health care groups, linking of hospitals and research 
centers, transfer of diagnostic and therapeutic information, video conferencing, 

t This is based on the publication [Dissemination of Expertise through WWW: its 
Relevance, Merits and Methodologies, Proc. of the International Conference on 
Information & Communication Technology (ICT) in AI SECT -2004, vol.2, pp.144-
150, December 2004, Bhopal] of the author. 



application of hospital information system, expert systems for diagnosis, image 
analysis and pattern recognition for pathological investigations, telediagnosis 
and telemedicine, virtual reality training for surgical applications and modelling 
of brain for psychophysiological and individual animations will be useful and 
integral part of biomedical technology in the 21st century. 

Medical informatics is an interdisciplinary biomedical scientific and engineering 
field providing theoretical methods and applied tools for the support and 
optimization of medical discovery, medical education, clinical practice and 
health care organization. It is located at the intersection of information 

technology and the different disciplines of medicine and health care. Therefore 
the domain of medical informatics is determined by the intersection of the 
terms "medicine" and informatics". The first term indicates the area of research 
while the second one its methodology. Scientific research in medical informatics 
is multidisciplinary and follows scientific methods. It is the study and use of 
computers and information in health care purpose for patient care, research, 
medical education, combination of and interfaces between several disciplines 
not just computers but information in general to provide better health care. The 

discipline has a thirty-year history that provides a frame as reference for a 
definitions suggested by researchers and practitioners might be useful here for 
understanding the features and functionalities of medical informatics as follows: 

'Medical Informatics is the rapidly developing scientific field that 
deals with the storage, retrieval, and optimal use of biomedical 
information, data, and knowledge for problem solving and decision 

making' [2]. 

'Medical informatics is the application of computers, communications and 
information technology and systems to all fields of medicine medica! care, 
medical education and medical research' [3]. 

3.2. Focus of medical informatics applications 

Medical informatics became increasingly recognized as an important component 
of the overall practice of medicine. The development of advanced Medical 
Informatics has obtained a multi-dimensional content. 

Hence the focuses of Medical Informatics are grand challenges to all scientist, 

researchers, computer professionals, medical professionals and associated 
personnel. The following are the major areas of medical informatics 
applications. 
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Table 3.1. Areas of medical informatics applications [4]. 

• Medical Information Standards 
• Medical Informatics Training 
• Medical Education and Integrated Academic Information 

Management Systems (IAIMS) 
• Computerized Medical Records 
• Clinical Information Systems (including radiology, laboratory, 

pharmacy, nursing, etc.) 
• Organization of Heath Services (Preventive intervention, 

cost-effectiveness analyses etc.) 
• Physician Order Entry Systems 
• Computer-Aided Instruction 
• Medical Expert Systems 
• Nursing Informatics 
• Announcements of Interest, e.g. conferences, journals, 

societies 
• National Library of Medicine 
• Health Information Networks 
• Medical Software Reviews 
• Research Funding Opportunities 
• Policy Making on Medical Software (procurement, 

certification etc.) 
• Medical Software Engineering 
• Cultural/Sociologic Changes 
• Medical Software Security 
• Telemedicine 
• __ Veterinary Informatics 

'----

Now medical informatics has gained a multidimensional content and utilizes 
methods from many sciences viz. Information Science, Computer Science, 
Biomedical Technology, Business Organization and Administration, Cognitive 
Science, Statistics, Mathematics, Artificial Intelligence, Operations Research, 
Economics etc. Medical Informatics therefore has a content of basic research, 
clinical medicine and organization of health services. During the last years it has 
surpassed the narrow limits of planning and implementing information systems 
and it now constitutes an integrated, analytical, rational approach to medical 
research and practice. 
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3.3. Medical informatics and health care professional 

Medical Informatics has both theoretical and applied aspects. Health care 
systems will face difficult challenges with the emergence of novel Ml 
applications. Physicians should be prepared to carefully adopt technologies 
which are effective for their use. Thus every physician and health care 
professional should have knowledge of the following basic skills: 

• Basic knowledge of elements of computer operation, applications and 
computer network organization and their use. 

• To understand the operating system platform of the technology. 
• Basic knowledge of research design, biostatistics, and the process of 

medical research and publication. Also knowledge of library organization, 
ability to use the MEDLINE system in order to find medical references. 

• Capability to differentiate the ethical and societal issues related with MI. 
• Ability to use the Internet to find medical information and ability to 

evaluate the reliability and completeness of information and resulting 
data. 

• Knowledge of basic principles of Medical Decision Making Theory. 
• Capability to interaction with web-based medical applications. 
• Knowledge of basic cognitive biases and errors during treatment plan, 

diagnosis and therapy. 
• Aptitude in written communication using a plain, clear, distinct and 

easily understood language. 

3.4. Landmarks of medical informatics applications 

The remarkable publication of by Lendley and Lusted during 1950-60s was the 
process of medical diagnosis and treatment using computer. The first 
applications of a computer for diagnosis of congenital heart diseases were 
described by Warner and associates. The two significant medical information 
systems (i) Reminder Systems for hospitals and (ii) MEDLINE system for 
physicians' offices has been developed and implemented during 1970s. Using 
symbolic artificial intelligence, a system has developed called INTERNIST, used 

for diagnoses general internal medicine with equal or even greater accuracy 
than specialized physicians. Between 1980s and mid 1990s has great 

contribution to the development of medical informatics involving of applications 
of medical decision making theory and introduction of Bayes' networks. From 
this time, medical informatics is widely established as an independent 
biomedical branch and included as advanced programs of formal education. 
From middle of 1990s, the enormous success of the World Wide Web to a large 
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degree and explosive development of specialist software applications changed 
the picture. From then, varieties of modern technologies are being applied and 
huge medical applications and services are being introduced and offered, such 
as: 

• Artificial Intelligence in Medicine (AIM) 
• Digital Libraries. 
• Distributed Internet Data Bases. 
• Electronic Trade. 
• Internet-based Telephony. 
• lntranets. 
• Streaming Video and Sound. 
• Teleconferencing. 
• Tete-education. 
• Telemedicine. 
• Virtual Reality. 
• Cyber Medical Practice 

Let us now have a took on the issues (i) Artificial Intelligence in medicine (AIM) 

(ii) Internet and World-wide-web and (iii) Telemedicine, contributing to the 

advancement of medical informatics. 

3. 5. Artificial intelligence in medicine (AIM) 

In the year 1984, Clancey and Shortliffe [5] provided the following definition of 
AIM: 

'Medical artificial intelligence is primarily concerned with the construction of AI 
programs that perform diagnosis and make therapy recommendations. Unlike 

medical applications based on other programming methods, such as purely 
statistical and probabilistic methods, medical AI programs are based on symbolic 
models of disease entities and their relationship to patient factors and clinical 
manifestations'. 

But, however, these days the above definition would be considered narrow in 

vision and scope. As per the state of the art AIM has already contributed much 
more than defined by Clancey and Shortliffe. 

AIM systems are by and large intended to support health care workers in the 
normal course of their duties, assisting with tasks that rely on the manipulation 
of data and knowledge. An AI system could be running within an electronic 

medical record system, for example, and alert a clinician when it detects a 
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contraindication to a planned treatment. It could also alert the clinician when it 
detected patterns in clinical data that suggested significant changes in a 
patient's condition. 

Expert or knowledge-based systems are the commonest type of AIM system in 
routine clinical use. They contain medical knowledge, usually about a very 

specifically defined task, and are able to reason with data from individual 
patients to come up with reasoned conclusions. 

There are many different types of clinical task to which expert systems can be 

applied: 

• Diagnostic assistance 
When a patient's case is complex, rare or the person making the diagnosis is 

simply inexperienced, an expert system can help come up with likely diagnoses 
based on patient data. 

• Therapy critiquing and planning 

Systems can either look for inconsistencies, errors and omissions in an existing 
treatment plan, or can be used to formulate a treatment based upon a patient's 

specific condition and accepted treatment guidelines. 

• Generating alerts and reminders 
In so-called real-time situations, an expert system attached to a monitor can 

warn of changes in a patient's condition. In less acute circumstances, it might 

scan laboratory test results or drug orders and send reminders or warnings 

through an e-mail system. 

• Agents for information retrieval 
Software 'agents' can be sent to search for and retrieve information, for 

example on the Internet that is considered relevant to a particular problem. The 

agent contains knowledge about its user's preferences and needs, and may also 

need to have medical knowledge to be able to assess the importance and utility 

of what it finds. 

• Image recognition and interpretation 

Many medical images can now be automatically interpreted, from simple X-rays 

through to more complex images like angiograms, CT and MRI scans. This is of 
value in mass-screenings, for example, when the system can flag potentially 

abnormal images for detailed human attention. 
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Although, some of us had a question in mind whether the AI systems should 
come in clinical use or not? Now, today, there is good evidence that expert 
systems are working well (table 4.4 in chapter 4) as routine clinical use. Efforts 
are needed to increase the number of such systems. 

3.6. Internet and World-Wide-Web applications 

The Internet is the largest global network of computers and the most important 
force for the development of telematics and telemedicine. It is an open and 
unregulated community of people who communicate freely across an 

international electronic computer network. It connects personal computers, 
local area networks, metropolitan networks and wide area networks (national, 
continental) belonging to universities, organisations, governments, and private 
citizens from all over the world. 

It is estimated that, in 2008, more than 1463 million users are connected to 
Internet worldwide, where 60 million are from India, 253 million from China and 
220 million belongs to USA. The latest data of global Internet penetration, user 

growth as well as for top 20 countries can be seen from the table 9. 3 of chapter 
9 of this thesis. 

For a long time, users communicated on the internet using electronic mail. This 
essentially allowed users to exchange text messages across the globe, usually in 
a matter of minutes. Apart from electronic mail, some basic applications (i) 

sending and receiving of files (FTP), (ii) remote login (iii) newsgroups (iv) data 
services based on menus (Gopher), (v) data services based on searching with 

key-words (WAIS) are also available. However, it was probably the advent of the 
World Wide Web that triggered the recent growth of the internet. Essentially a 

set of software standards, Web programs allow users to navigate rapidly across 
the global internet. Here they can view a bewildering variety of information, 
from the bizarre and inaccurate, to the most up-to-date information available 
from scientific bodies, newspapers and academic journals. 

Perhaps just as important as the ability to view information, the web provides 
methods for anyone to publish information, and make it immediately available 
across the globe. This is achieved through a simple set of document standards 

that allow users to create electronic documents using text, image and video. 
The quality of these documents is now so high that the Web is used, for 

example, by several medical educational institutions. But, however, there are 
some problems with quality and other related issues have been discussed in 

chapter 8. 
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3. 7. Telemedicine 

The essence of telemedicine is the exchange of information at a distance, 
whether that information is voice, an image, elements of a medical record, or 
commands to a surgical robot. It seems reasonable to think of telemedicine as 
the communication of information to facilitate clinical care. The delivery of 
healthcare services, where distance is a critical factor, by all healthcare 
professionals using information and communication technologies for the 
exchange exchange of information at a distance, whether that information is 
voice, an image, elements of a medical record, or commands to a surgical 
robot. It seems reasonable to think of telemedicine as the communication of 
information to facilitate clinical care including diagnosis, treatment and 
prevention of disease and injuries, research and evaluation, and for the 
continuing education of healthcare providers, all in the interests of advancing 
the health of individuals and their communities [6]. 

Telemedicine is the ability to provide interactive healthcare utilizing modern 
technology and telecommunications. Basically, Telemedicine allows patients to 
visit with physicians live over video for immediate care or capture video/still 
images and patient data are stored and sent to physicians for diagnosis and 
follow-up treatment at a later time. It is an invaluable tool in Healthcare. 

At its inception telemedicine was essentially about providing communication 
links between medical experts in remote locations. The health care system, 

however, is clearly inefficient because of its poor communication infrastructure 
and telemedicine is now seen as a critical way of reducing that cost. One 
estimate suggests that the health system in the United States could save $30 
billion a year with improved telecommunications [7]. 

Table 3.2. Some leading telemedicine international healthcare providers. 

Telemedicine healthcare providers 

Capital Health Edmonton, Canada, www.capitalhealth.ca 

'Tr~atmentPatient Self-care, Canada, www.treatment.com 

:Vancouver tsland H~alth Authority, Canada, www.viha.ca 
-~·, 

Latin Telecomunicaciones S.A., Chile, www.latintele.com 
m' 

Universidad lcesi, Cambodia, www.icesi.edu.co 

Tele-Med International, Egypt, www.telemedint.net 

Centro Nadonal de Excelencia Tecnologica en Salud, Mexico, 
www .cenetec.salud. gob.mx 

Access Psychiatry, USA, www.accesspsych.org 
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Akron Children's Hospital, USA, www.akronchildrens.org 

Arizona Tetemedicine Program's Training Center, USA, www.telemedicine.arizona.edu 
~ ~v •• •v ' 

Brighton lnt'l University, USA, www.biu-md-edu.us 

Carol M. Stock & Associates, USA, www.carolstock.com 

Ced~~~Sinai Medical Center, USA, www.csmc.edu/970.html 

Christus Health, www.christusheatth.org 

Cnow Telehealth Solutions, USA, www.cnowinc.com 

Colorado Neurological Institute, USA, www.thecni.org/ 

(Q!Jncitof Community Clinics, USA, www.ccc-sd.org 

CTEC ·California Telemedicine &. eHealth Center, USA, www.cteconline.org 
v- """"" 

Doctors on Demand Health Networks, USA, www.docond.com 

Driscoll Children's Craniofacial &. Cleft Center 
www.driscoUchildrens.org 

'ih~G~~e~aFoundation Tetemedicine &. Advanced Technology Research Center, USA 
: www; tatrc.org 
r~~~VN~~,"'":""='"~--~""~'" o•vo """"" •• •v 

Gun<Jer$en Lutheran, www.gundluth.org 

·Ho!lolulu Shriners Hospital, USA, www.shrinershq.org 

John Hopkins University, USA, www.jhu.edu 

John Muir Health, USA, www.johnmuirhealth.com 

Linder Psychiatric Group, Inc., USA, www.echildpsychiatry.com 
c·~~-~~~·""':"'" w=w=~·""""·"'·"v~ "" • v. •• • • • 

Matria Healthcare, www.matria.com 

North Neck Middle Peninsula Telemedicine, USA, www.nnmptelemed.org 

rchn Community Health Foundation, USA, www.rchnfoundation.org 
' ""' WO"•ovwo• ""'"'W ••v oVo ""'""""" •v "' 

Sacred Heart Medical Center, USA, www.peacehealth.org/oregon 

Saint Louis University, USA, law.slu.edu/healthlaw/index.html 

Shriners Hospitals for Children Telemedicine Initiative, USA, www.dttp.ngb.army.mil/ 
··----""""""N•W~'C"CN<o~o"•-oh'~'"••"o•"«0"•~~.M.=NN~o.<o~•"'•'-.<••~ " 

Shf'iJ"l~I"S Hospitals Cincinnati Pediatric Specialty Care, USA, www.shrinenet.org 

Telepeds, USA, www.telepeds.com 

Texas Tech University Center for Telemedicine, USA, www.ttuhsc.edu/telemedicine 

University of Arkansas for Medical Sciences· Center for Distance Health, USA, 
: www. uams.edu/ angels/ cUnical_telemedicine/ 

. Un1~rsity of California, Davis, USA, www.ucdmc.ucdavis.edu/cht/ 
i•·'"',.--""';"'<«~;·"'~"'"'"_,,.,..,.,.,_,~'j--~"''"=•• '•••'<«•• "'"'""'"'••O•O'<""<""<~O<<H•o•~•• •"Y<""<>< •• ""< -

,Un~($ity ofNewMexico He~lth Sciences Center, USA, hsc.unm.edu/som/telehealth 

'iin1Y:~~j~yotPittsburgh Medical center, usA, www.upmc.com 
. <"««<««<'«'""';_· ·"-"'"'""'"""'""""""'--""'"" ~··=""<·««~~·"'"•'""'"'''··''-'""·"'" 

• Unl~$1ty of Pittsburgh School of Health and Rehabilitation Sciences, USA, 
·ww\Y.~hoot.pitt.edu/ 
?"'"·':"·~-~~--~""-'"'":"'"""""~WA~-··•-.----~··••••o--ooVo"£W" "'"' ••o•o 

WorkCare, USA, www.workcare.com 

S.O.S. Tetemedicina, lnstituto de Medicina Tropical, VENEZUELA, caibco.ucv.ve 
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3. 7.1. Advantages of telemedicine 

In a telemedicine setup the main stakeholders are of three types: (i) physicians 
at referral centre or spoke-site, (ii) patient including community and (iii) 
Physicians at nodal centre or the hub site. The common benefits of these 
stakeholders are: 

• Improved recipient access to health care services; 
• Improved recipient compliance with treatment plans; 
• Medical services rendered at an earlier stage of disease, thereby 

improving long term patient outcomes; 
• Reduced costs for covered services such as hospitalizations and 

transportation. 
• To jointly deliver clinical care for and remote diagnostic on patients; 
• In live, interactive & collaborative surgery broadcast; 
• To conduct real-time, collaborative medical seminar and training for 

medical students, doctors and related healthcare professionals; 
• To share electronic medical records and information of patients either 

on-line or off-line. 

Additionally, each stakeholder has their own benefits like: 

Physicians at referral centre or spoke site: 
• Receive education from the specialist/ provider 
• Better health outcome for their patients 
• Enhanced community confidence in local healthcare 
• Attend continuing medical education courses from their health center 

Patient including community 
• Loved ones remain in their community with family support and Funds 

follow the patient 

• Cost savings from not having to travel extensively 
• Immediate urgent care 
• Confidentiality of specialty examination or visit (Because the patient 

visits the general practice doctor, can be seen for any specialty care 
without anyone else knowing) 

• Patient educations courses (nutrition, oncology etc.) 
• Properly stabilize patient prior to transport 
• Early Diagnosis prior to escalated medical episode 
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Physicians at nodal centre or hub site 
• Expand patient outreach 
• Major surgical procedures resulting from the initial telemedicine 

consultation 
• Reduction in ER visits 
• Promotion of Hospital 
• Charge tuition for clinician education courses 

3. 7.2. Telemedicine Usage Models 

3.7.2.1. Real-time 

This is the most common use in Telemedicine. Here, live video allows the 
provider, patient and specialist to all communicate together to achieve the best 
outcome for the patient. Immediate specialty consultation can be available for 
inpatient/outpatient through this method. Generally this requires high 
bandwidths for communication and transmission. 

3. 7.2.2. Store and forward 

This gradual and comparatively cheaper method used when both health 
providers are not available or not required at the same time. The provider's 
voice or text dictations on the patient's history, current affliction including 

pictures and/or video, radiology images, etc., are attached for diagnosis. This 
record is either emailed or placed on a server for the specialist's access. The 
specialist then follows up with his diagnosis and treatment plan. 

3.7.2.3. Home health telemedicine 

Home health allows the remote observation and care of a patient. In the event 
of post-operational case, a patient required general observation after a surgery 
or other medical procedure, the home health telemedicine is usually valuable. 
The patient would be more comfortable to get post-hospital care at home rather 

than in a hospital bed. Home health equipment consists of vital signs capture, 
video conferencing capabilities, and patient statisticss can be reviewed and 
alarms can be set from the hospital nurse's station, depending on the specific 
home health device. Generally this method is used for assisted living, disease 
management of unmovable patient etc. 
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3. 7.3. System requirements 

A telemedicine system has a unique set of requirements which distinguishes 
itself from a normal teleconferencing system in many respects. The ultrasound 
study consisting of images, color flow, and Doppler spectral and auditory 
information of good quality needs to be transmitted in real time. Many image 
processing and graphics functions are often necessary when analyzing medical 
images to make a primary diagnosis or plan a treatment. To meet the clinical 
requirements of a telemedicine system, it must be fast, reliable, easy to use, 
and provide excellent image quality. From the above-mentioned state of affairs, 

the requirements can be categories as follows: 

Hardware requirements for referral and nodal centers 
• two Pentium server having at least 2GB RAM and 360 GB HDD withk 

keyboard, mouse and LCD color monitor 
• Multimedia Kit 

Software requirements for referral and nodal centers 

• Operating System - Windows 2000 Professional or Windows XP or above 
• Network Operating System -Windows NT /2000/2003 
• Database- SQL Server 2000 

Peripheral devices at nodal centers 
• X Ray Scanner, Digital camera 
• Microscope with CCD camera with image grabber card supporting JPEG 

and BMP image formats 
• ECG Recorder, View Box 
• Laser printer 
• 215/10 KVA On-Line UPS 

Networking requirement (any one) 

• Telephone lines and Modems (for normal PSTN Connection) 
• ISDN lines, Router, NT1 (for ISDN connection) 
• Router, leased line modems (for leased line connection) 
• VSAT Sky I P unit 
• Wi-MAX CPE 

• Fiber Optic CPE 

Video conferencing Systems 

• Multipoint V.C. systems for referral and point to point systems for Nodal 
centers 
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3. 7.4. Users requirements 

(a) Medical Experts: Top level consultants of respective diseases at referral 
centers. Specialists doctors may want to directly examine the patient, e.g. they 

may require to (i) feel pulse, look at skin patches, listen to heart bits etc., (ii) 
talk with the patients. 

(b) General duty medical officers: Available doctors stationed at nodal centers. 
Doctors should consult among themselves, as they would have done in physical 
proximity. This implies that they should be able to: (i) see and to listen each 

other (ii) write text and to draw diagrams, (iii) discuss on pathological test 
reports, slides, photographs, ECG, EEG etc., (iv) discuss with the operations of 

different diagnostic tools and devices such as USG machines, microphones etc., 
and (v) prescribe and advice. 

(c) Paramedical staffs: Laboratory technicians and data entry operators. They 

are responsible for maintenance of patient records and generation of 
information based on queries related to a single patient, a group of patient, 

diseases etc. 

(d) The direct beneficiaries are the patients who are suffering from diseases and 
they should have also some knowledge of the functioning of the system. 
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Fig. 3 1 _ A typical environment describing telemedicine 
structure diagram [8] _ 

system and network 

3.8. Barriers before development of tetemedicine 

Even though telemedicine offers great hope for improving health care, there are 
lots of barriers, ranging from logistical to emotional, affect the development of 
Telemedicine. The table below identifies the key factors affecting development 
of telemedicine are: 
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Table 3.3. Factors affecting development of telemedicine [9, 10]. 

tnfra~tructure Planning and Development 
Tet~ommunications Regulation e.g. broadband availability 
~ack of Reimbursement for Telemedicine Services 
l~el of information sharing (spurred by Customer Directed Healthcare) 
Crea~nttals of provider: Licensure and credentialing of physicians and 
supporting health care staff 
-~ist.ation for change, license 
Sh~rtage of trained staff 
L~el of comfort with technology: The sophistication and evolution of 
sen~r technology, reliability, and sensitivity 
H(lw ~uickly medicare moves to a risk based pol icy 
Privacy and security issues: Confidentiality of patient-identifiable medical 
Information 
Medi~al malpractice liability 
Use. of true cost/value/OI.Jtcome measures 
Impact of acceptance: The fact that the patient does not have to see the 
doctor, make pandemic 
Rate telemedicine is integrated into healthcare educational system 
Private industry support: Could be a retailer, supplier of tetemedicine or 
resPQnd to the burden of healthcare costs 
Clinkian's view on effectiveness 
Job security concerns 
Cultural obstacles (resistance to commoditization of services) i 

. External including political intervention 

3.9. Health care scenario of telemedicine in India 

The fact is that while 75% of our population lives in rural India; 90% of secondary 
and tertiary care facilities are in the cities and towns far away from the rural 
India, more than 75% of Indian doctors are based in cities. Most of the 620 
million rural Indians lack access to basic health care facilities [11 ]. The Indian 
government spends just 0. 9% of gross domestic product (GDP) the country's 
annual on health, and little of this spending 0.09 per reaches remote rural areas 
[12]. However there has been an unprecedented growth and development in 
Information Technology. At the same time, it is also a fact that a significant 
proportion of patients in these remote locations could be successfully managed 
with some advice and guidance from specialists and super-specialists in the 
cities and towns. This is the power of Telemedicine. It is no surprise that 
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Telemedicine is playing an increasingly important role in not only providing 
diagnostic and consultation services but also in facilitating Tete-education and 
training of personnel across the country. 

With the help of INSAT-3B and INSAT-3A launched in the years 2000 and 2003 
respectively by ISRO, telemedicine links have been established in India among 
different Referral hospitals and Speciality hospitals. Starting with 
Karnataka/NER Network (5 nodes) early in 2001, the connectivity has been 
provided for more than 34 nodes with 26 patient ends and 8 super-speciality 
ends in the country, and telemedicine networks are operational for 

Karnataka/NER, Andaman & Nicobar, Ladakh, Tamilnadu, Orissa, Kerala, 
Lakshadwweep, Sikkim, West Bengal etc. 

During the year 2004 [13], 23 additional hospitals were brought into the 
telemedicine network bringing the total number of hospitals in the network to 
50 hospitals - 36 Remote/District/Medical/Mobile Hospitals connected to 14 
Super Speciality Hospitals as follows. 

• 4 Islands of Lakshadweep, (Amini, Agatti, Andrott and Minicoy) connected 
to Amritha Institute of Medical Sciences, Kochi. 

• 5 Remote/field/base hospitals for Indian army connected to research and 
referral hospital at New Delhi. 

• STNM Hospital Gangtok, Sikkim and Regional Institute of Medical 
Sciences, lmphal, Manipur connected to Asia Heart Foundation, Kolkata. 

• Mobile Tete-opthalmology Unit for the Eye Care Camps with connectivity 
to Shankara Netralaya, Chennai and Bangalore. 

• Tata Memorial Cancer Centre connected to the Remote Cancer Centre at 
B B Barua Cancer Centre, Guwahati. 

During the year 2005 [14], the telemedicine network has been further expanded 

and it now covers 100 hospitals ·· 78 remote/rural/district hospitals/ health 
centre connected to 22 super speciality hospitals located in the major cities as 
follows: 

• Nine hospitals in Jammu and Kashmir, six district hospitals including Leh 
and Kargil and three medical college hospitals connected to All India 

Institute of Medical Sciences, Delhi, Apollo Hospitals, Delhi and Amritha 
Institute of Medical Sciences, Kochi. 

• Five islands of Lakshadweep (Kavaratti, Amini, Agatti, Andrott and 
Minicoy) connected to Amritha Institute of Medical Sciences, Kochi. 
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• Five remote/field/base hospitals of Indian Army connected to research 
and referral (R&R) Hospital at New Delhi. INHS, Dhanvanthri under the 
Naval Command at Port Blair, Andamans connected to R&R Hospital, New 
Delhi. 

• Eleven hospitals of North Eastern states (STNM Hospital Gangtok, Sikkim 
Regional Institute of Medical Sciences, lmphal, Manipur Medical College 
Hospital, Guwahati and District Hospital at Udaipur, Tripura) connected 
to Asia Heart Foundation, Kolkata. 

• Tata Memorial Cancer Centre, Mumbai connected to B B Barua Cancer 
Centre, Guwahati and Wal Waker Rural Cancer Centre at Chiplun, 

Maharashtra. 
• Three Medical College Hospital of Orissa connected to SGPGI, Lucknow. 
• Operational telemedicine network in Karnataka - 11 district I taluk 

hospitals connected to five super speciality hospitals in Bangalore and 
Mysore. 

Besides the above, a temporary telemedicine facility was set up for two months 
at Pampa at the foothills of Sabarimala shrine for the benefit of visiting 
pilgrims. A mobile teleopthalmology facility has been provided to Shankara 
Netralaya, Chennai and Aravind Eye Hospital, Madurai to extend services to 
rural population in Tamil Nadu. 

Operational telemedicine network is being established in Chhatisgarh connecting 
14 district hospitals/health centres to Raipur Medical College HospitaL 

More than 25,000 patients have so far been provided with teleconsultation and 
treatment. An impact study conducted on thousand patients has revealed that 
there is a significant cost saving in the system since the patients avoid expenses 
towards travel, stay and for treatment at the hospitals in the cities. 

The Andaman Telemedicine Network consisting of Telemedicine centres at G.B. 

Pant Hospital, Port Blair, Bishop Richardson Hospital, Car Nicobar and INHS, 
Dhanavanthri Naval Hospital at Port Blair alongwith the Andamans Gramsat 
Network was extensively used for tete-consultation and treatment in the 
aftermath of the tsunami that hit the island. 

During the year 2006 [15], the telemedicine network has been further expanded 
to cover 152 hospitals - 120 remote /rural/ district hospitals/ health centres 
connected to 32 speciality hospitals located in major cities. A mobile health 

service vehicle 'DISHA' operated by private entrepreneur in the Madhurai 

District of Tamil Nadu has also been provided telemedicine connectivity. 
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The Department of Information Technology (DIT) has taken a pivotal role in 
defining and shaping the future of telemedicine application in India. Backed by 

a strong vision to build a national telemedicine network in India, DIT has been 
involved at multiple levels - this includes development of technology, initiation 
of pilot schemes and standardization of telemedicine in the country, includes 

the follows [ 16]. 

DIT Implemented Tele-medicine for diagnosis and monitoring of tropical 

diseases in School of Tropical Medicine, Kolkata and two district hospitals in 
West Bengal. Similarly, DIT has funded establishment and subsequently 
implemented an oncology network for providing telemedicine services in cancer 
detection, treatment, pain relief, patient follow-up and continuity of care in 

peripheral hospitals (nodal centers) of Regional Cancer Center (RCC). The 
project was implemented by C-DAC, Trivandrum and Regional Cancer Center 

(RCC), Trivandrum. 

Table 3.4. Some successful telemedicine projects in India [16]. 

Name of the 
project 
PPP Through 
Telemedicine 

~jkot Civil 
Hospital 

Apollo 
telemedictne 

Promoters/ 
sponsors 
Andhra Pradesh 
Vaidya Vidhana 
Partshad (APVVP), 
APOLLO 
Hospitals, CARE 
Foundation 

Rajkot Civil 
Hospital and 
U.N. Mehta 
Institute of 
Cardiology and 
Research Centre, 
Ahmedabad. 

Apollo group 

Details 

The State-run APWP, which manages nearly 200 
hospitals in Andhra Pradesh, has launched the 
Telemedlcine project in the month of October 2001 with 
the coUaboration.of local private partners. 
The responsibility of providing the tetemedicine
compatible diagnostic medical equipment such C. T. 
Scan, ultra sound scanner, colour Doppler, ECG, digital 
x-ray, etc., in the district hospitals. 
Rajkot Civil Hospital has developed a telemedicine link 
with U.N. Mehta Institute of Cardiology and Research 
Centre, Ahmedabad. 
The system can be used to transmit online ECG, CT 
scans, magnetic resonance imaging, Cathlab reports, 
pathological reports, doctors' prescriptions, typed and 
even handwritten notes, and moving images. 
The important innovation employed in this system is 
the Event Recorder (ER). The ER has no cords attached 
to it. The patient simply has to place it on his chest, 
push a button and wait for a minute for recording the 
ECG and get converted into electronic signals on the 
doctor's personal computer. 
A 50 bed hospital fn Aragonda village (population of 
15,000) of Chfttor district in Andhra Pradesh is 
connected to the Apollo group main hospitals in Chennai 
and Hyderabad through a satellite link. The center is 
equipped with facilfties such as an operating theatre, a 
computed -tomography scanner and software. Doctors 
the telemedicine center can scan, convert and send 
data images via satellite link to the tete-consult stations 
at Hyderabad and Chennai. 
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I 

Narayana 
Hrudayalaya 

Pune Primary 
heatth 
tetemedicine 
project 

POSt: Graduate 
tnstftute, · 
thandigarh 

Doctoranywhe 
re.com 

Tetemedicine 
project at 
Kumbmela fair 
(temporary) 

The Pune district 
administration 

Post Graduate 
Institute, 
Chandigarh 

Information and 
broadcasting 
ministry In 
association with 
the Uttar Pradesh 
government 

Narayana Hrudayalaya, located in Bangalore is 
developing as a hub for telecardiology networks with a 
joint venture between the governments of seven hut 
states, Government of West Bengal, Karnataka Health 
Systems and ISRO to create a chain of coronary care 
units in remote areas and offer modern cardiac care 
infrastructure. 
The Pune district administration has teamed up with 
doctoranywhere.com and Tata Council for Community 
Initiatives (TCCI) to launch a telemedicine service from 
a government primary healthcare center (PHC). The 
service, launched at three healthcare centers, is 
targeted at the rural masses. 
The PGI is being connected to three premier institutes 
including the All-India Institute of Medical Sciences 
(AIIMS), Delhi, and the Sanjay Gandhi Postgraduate 
Institute, Lucknow. Later the PGI will be connected to 
some more institutes. The introduction of this facility 
will not only enable the doctors to seek the opinion of 
experts from across the country but also save patients 
from the botheration of being referred to other 
hospitals 
Doctoranywhere.com is a service that allows doctors to 
be doctors - anywhere • on the Net. An Internet based 
software and hardware package that provides an 
affordable, efficient and time-sensitive platform for 
remote medical consultation to take place easily. 
The system was set-up to cater to the emergencies that 
arise in a huge fair like Kumbmela. Utilising the ISDN 
telephone lines terminals were set up in Allahabad 
Medical College and Lucknow and data compression has 
been used for sending X-ray, ECG, pathological slides, 
text of medical report, snap shot or live video of the 
patients to experts sitting in the Sanjay Gandhi Post 
Graduate Institute of Medical Sciences ($GPGI) Lucknow. 
It employed sophisticated encryption technologies to 
safe guard the confidentiality of the prescription of the 
doctors from the remote terminals. 

In a short span of time, some significant progress has been achieved in the field 
of Telemedicine in India. However, there is still a long way to go. While there 

are over 20,000 PHC's providing primary care services in the rural areas, and 
about 500 district hospitals, Telemedicine has reached to about 100 centers and 
more 50% of them are in the urban centers only. For this to be a reality, we 
need a major thrust not from the government and private sector but also help 
from international agencies, which will go a long way in achieving this 
objective. 
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Table 3. 5. Brief description of foremost telemedicine projects in developed 
countries [17]. 

- Via Fucini, 2, CAROLIN 
Cooperative 
Application for 
Remote on-line 
Interactive 
Diagnosis 

Telemedicfna 
CONAE 

Telemedicine 
Remote 
Monitoring 

Telepsychiatry 
Network 

A Distributed 
Telemedicine 
Network for 
Eastern North 
Carolina 

Allina Health 
System/Rural 
Health Alliance 
Telemedidne 
Network 

Milano, Italy 
20133 

http://www .cefr 
iel. it! item 

CETT Ruta C-45 
Km 8, Cordoba, 
Falda de Caqete, 
Argentina 5187 

http://www.tm. 
conae.gov.ar/ 

50 Cotbee Court, 
Philip, ACT, 
Australia 

http://www.app 
roved.com.au 

7 Field Street, 
Mount Lawley, 
Perth, Western 
Australia, 
Australia 6050 

East Carolina 
University School 
of Medicine, 1 S-
10 Brody Bldg., 
Greenvflte, NC 
27858 

http://www. tete 
med.med.ecu.ed 
u/grants.htm 

5601 Smetana Dr, 
Minnetonka, MN 
55343-5010 

CAROLIN is a multimedia application for cardiology 
teleconsulting, developed in the framework of inter
regional cooperation and sponsored by the European 
Union within the TeleRegions SUN Project. The 
teleconsultation achieved by CAROLIN is truly 
cooperative and interactive to navigate through the 
sequences of digital images, a shared whiteboard to 
manipulate and annotate single images with text and 
graphic comments; and an ISDN connection to hold an 
audio/video conference between physicians. 
The Telemedictne Program developed by the 
Comission Nacional de Actividades Espaciales of 
Argentina (CONAE) facilities to improve the quality 
health care, in rural areas. 24 hrs/day and the remote 
nodes login by standard telephone lines with modems. 
With this scheme, a set of tetemedical events can be 
developed, inctuding teleassistance and tete· 
education. Since 1998 it carried out more than 200 
medical events. 
Using a standard Internet PC with video link, a call 
centre can monitor a remote patient and check blood 
pressure, pulse, o:xlmeter, temperature as required. A 
patient can have a permanent connection with a 
scheduled check or initialise contact with a call 
centre. Designed to minimise community nursing 
visits, and allow persons to stay at home under 
supervision instead of outpatient clinic, nursing home, 
or surgery visit. 
Tetepsychiatry is the use of videoconferencing to 
improve links with rural and remote populations 
around the state of Western Australia. Some 40 sites 
Located in major and minor service centers as well as 
the state capital allow face to face contacts between 
clinicians and consumers. 
This project has three components, each of which 
involves the implementation of independent 
distributed networks. The first project involves 
development of telehome care in north eastern North 
Carolina. Working with a home nursing agency 
affiliated with a multi-county health department, 
POTS based home telecare units are being used in 
patient's homes. The second project targets 
telemental health. The third project is a school based 
telemedicine network linking all the schools within a 
countywide school district and a paediatrician's office 
to provide medical care and other services to 
students. 
Telemedicine network exists to improve access-Of 
specialists to the rural locations, particularly 
emergency coverage, to provide continuing education 
for physicians, nurses, and other providers and 
employees of Altina and Rural Health Attiance (RHA) 
hospitals, and to provide videoconferencing to allow 
for more convenient 'face-to-face' communication 
among employees located at facilities throughout the 
network 
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3.1 0. Cyber health care 

Cyber health care is a medical remedial solution imparts the delivery of care 
through its Internet-based technology. It was introduced in the late 1990s for 

the application of IT in health services supplied by telecommunications or by 
the Internet. Cyber health care forms a live, interactive community that 

incorporates all members of the team in the healthcare delivery process, 

resulting in cost reduction and improvement in the quality of patient care. 
Cyberhealth services include telemedicine, cybermedicine, teleradiology, 
telepathology, web-based medical expert systems/ decision support systems, 
availability and usage of medical information and advice. Networking of large 
health care groups, linking of hospitals and research centers, transfer of 

diagnostic and therapeutic information, video conferencing, application of 

hospital information system, expert systems for diagnosis, image analysis and 

pattern recognition for pathological investigations, telediagnosis and 
telemedicine, virtual reality training for surgical applications and modeling of 

brain for psycho physiological and individual animations will be useful and 
integral part of biomedical technology in the 21st century. No doubt, these have 

been possible with the introduction of world wide web and internet services 

resulting the ideas of cyberhealth services [18]. This technology can present 
virtual house calls, medical market place over the Internet. Medical awareness 

and mental health services are also available over the system. The Internet is 

leading to the virtualization of health care, but has created a number of social 
and ethical challenges before the providers. Internet-based healthcare services 

are becoming increasingly demanded by patients around the globe. 

3.10.1. Cyber medicine 

Some authors have employed the term cyber-medicine to refer to those areas of 
telemedicine delivered via the internet. To be precise, cyber-medicine is 

medicine in cyberspace where cyberspace denotes the internet. The figure 3.2. 

illustrates the relationships of telemedicine, cyber medicine, medical 
informatics, public health, clinical medicine and Internet. 
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Fig.3.2. Medical Informatics, Telemedicine, Cyber medicine [18, 19). 

Telemedicine is distinct from cyber-medicine with some overlapping issues. 
Telemedicine mainly focuses on a restricted exchange of clinical, confidential 
data with a limited number of patients and physicians. In cyber-medicine, there 
is a global exchange of information. Furthermore, telemedicine is mainly used 
for the diagnosis and management of patients while cyber-medicine can be used 
for research, primary prevention of diseases (e.g., health education websites), 
tertiary prevention of diseases etc. Despite these differences, cyber-medicine 
and telemedicine and related disciplines as viewed by Eysenbach [19], and, as 
concerns about data security are resolved, the boundaries will become 
increasingly blurred. 

3.10.2. Cyber physician 

!n this fast-growing informatics age, it is envisage that the first point of contact 
with health care will be through a 'virtual' cyber-physician (CP) [20]. Accessed 
through a display unit, the CP system will replace other forms of triage such as 
the telephone and give access to information about professionals, hospitals and 
other aspects of health care. Access to part or all of the user's health biography 

would require use of a smart card or a biometric identifier such as retinal 
vessels. A CP system would bring into sharp relief the role of face-to-face 
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contact between user and professional. It could make more explicit the demand 
and need for health care. It could be a mechanism for improving quality, disease 
management and be a powerful research resource. The CP would be backed by 
improved knowledge bases and provide the means for creating a huge database 
of routine information including records kept by patients themselves. Patients 
would make use and prefer a CP expert facility for a number of reasons than 
conventional physician, which are mentioned below. 

• It may be time-saving and more convenient than seeing a doctor in 
person. 

• Wanting a primary evaluation of a non-urgent medical symptom, not 
being sure whether it is necessary to see a doctor or not. 

• Dissatisfaction with previous doctors. 
• Second opinion. 
• Preferring to be anonymous, having sensitive or embarrassing questions. 
• Discomfort when seeing doctors in person. 
• Difficulties accessing health care, e.g. living in rural areas or remote 

locations. 
• Seeking advice for another person such as a relative. 
• Other needs that regular health care did not fulfil, such as the wish of 

getting more thorough information on a medical issue. 
• Preference of written communication. 

We argue that with the mass access of ICT to patient would more CP-centric in 

coming future. 

3.10.3. Transformation of doctor-patient relations 

Numerous observers argue that the Internet has the potential to empower 
patients and transform the physician-patient relationship. [21]. Cyber health 

care system is changing the relationship between doctors and patients. There 
will be a sharp increase in the number and range of systems and organisations 
that supply information to support health care. These 'infomediaries' will guide 
patients and professionals. More needs to be known about doctors, nurses, 

support staff, patients and the public, and the technologies required to meet 
those needs [22]. Public will be able to gather information on any health subject 

and information available to professionals as well as to patients. Thus, some 
concerns have been raised that the transformation in the physician-patient 
relationship, as a consequence of patient's access to medical knowledge, would 
contribute to a strained physician-patient relationship [23]. 
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It is seen that cyber health care are mostly 'consumer centric' [24]. The 
cyberspace is a democratic medium, publishing is inexpensive, simple, and 
consumers can be a publisher. There are direct, immediate, and efficient 
feedback channels (e-mail, user statistics, online forms) which tell publishers of 
information what readers think, what they like and dislike, and giving them the 
possibility to adapt and refine their contents. Consumer can respond to the 
needs and demands of consumers quickly, as changes are possible with little 
costs and virtually no delay. 

Some worry that patients who turn to cyber space for information may not 
consult their doctor when they have a serious health problem. Physicians may 
feel threatened when patients confront them with information about alternative 

therapies. Subsequently providers will gather information from experienced 
patients rather than experts for improvement of patient-relation management. 
The number and influence of vocal patient groups will increase and the trend 
towards the internationalisation of health interest groups will grow. 

3.10.3.1. Category of CP consultations 

It is envisaged that there are two types of CP available for medical 
consultations. These are distinguished by the kind of relationship between the 
CP and the patient. These two consultation types can be distinguished from 

each other, as different behaviour is required by the CP. 

In the first case, there is no pre-existing personal relation between the CP and 

the patient. The consultation is mostly on medical enquiries. Here the 
consultation made without any personal relation and mainly used at public 
medical web sites or web-based consultation services, some of which are 
commercial. This consultation type has been referred to as type-1 provider 
patient relationship. 

On the other hand, in type-2 provider patient relationship, the patient had 
previous communications with the CP, which mean an established relationship 
exists between them. The consultation mostly requests for other services such 
as follow-ups of treatments~ emergency advice; prescription renewals, reporting 
of laboratory results etc. 
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3. 11. Conclusion 

Definitely the need has now arisen for awareness/community training in medical 

Informatics. Health awareness must be spread to the common man and health 
care professionals should actively involve themselves for motivate the others. 
[25]. At the same time, The doctors, must be made aware of the potential 

benefits of medical informatics for reducing time, cost, and increasing quality of 
healthcare. We expect the future to bring us a 'ubiquitous Internet' where 
everyone is connected to everyone everywhere. The successful efforts in 
advanced projects such as the lnternet2 and Next Generation Internet indicate 
that the future of Internet promises to be faster and more reliable. For 
telemedicine, this means more options to more people. It is expected that the 

majority of telemedicine applications of the future will operate over the 

Internet instead of private networks. 
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I CHAPTER 4 

Expert Systems Technology and the Medical Domain 

4. 1. Introduction 

Expert systems (ES) technology is one of the application areas of Artificial 
Intelligence (AI) which is a sub field of computer science concerned with the 
study and creation of computer systems that exhibit some form of intelligence. 
A number of computer systems have been built over the past few decades that 
can perform tasks which are comparable to many human mental activities. 
These systems can diagnose diseases, plan the synthesis of organic chemical 
compounds, solve differential equations in symbolic form, drive automobiles, 
understand limited amounts of human speech and natural language text, analyse 
electronic circuits or write small computer programs - we say that such systems 
possess some degree of artificial intelligence. AI systems are developed, 
undergo experimentation, and are improved (table 4.3). 

One major area of AI that can claim a Large measure of responsibility for the 
current AI awareness in the world is the expert systems technology which is 
computer software that embodies human expertise. The scarcity of human 
expertise exists in almost all fields, specially in medical domain. But, however 
an expert advice is always necessary. One solution to the dilemma is the expert 

systems technology, an intelligent assistance to human experts as well as others 
who otherwise might not have access to expertise. 

An expert system is a computer program that encodes the knowledge and 

reasoning of human expert(s) in a given area and applies this knowledge and 
reasoning to derive problem-solving interfaces for the user of the system. To 
solve a given particular problem, the ES examines facts about the problem 
supplied by the user. The facts are interpreted in terms of the system's search 
of its knowledge base and processed through its built-in reasoning procedures to 
find a solution. 

In order to have successful development of an ES in a domain, different 

potential issues have to be fixed up. This chapter is meant for fixing up two 
potential issues, namely (i) why it is an expert system domain, and (ii) what 

requirements the domain lays on an expert system. These two issues should 
unfold some important aspects relating to design and implementation of an 
expert system. 



The next section, undertakes some issues such as categories and application 
areas, desirable features, life cycles, typical architecture, and types of expert 
systems. In section 4.3, an attempt has been made to explain why the 
paediatric domain may be considered suitable for an expert system domain. In 
section 4.4, we have tried to find out what requirements the domain lays on an 
expert system. At the end, a discussion has been provided. 

4.2. Expert systems technology 

4. 2. 1. Categories and application areas of expert systems 

Expert systems may be applied to any situation that normally requires human 
expertise. One can divide typical expert system applications into thirteen 
functional categories [1, 2] shown in table 4.1. In table 4.2, we indicate 
application areas for which some expert system has been developed [2, 3]. 
Some examples of expert systems developed for different application areas are 
shown in table 4.4. 

Table 4.1. Generic categories of expert system applications. 

Category 
Control 

Debugging 
Design 

Diagnosis 

fnstructic>n 
Interpretation 

Planning 

Prediction 

Pre,scription 
Monitoring 

Rep~ir 

Selection 
Simulation 

Problem addressed and application types 
Governing overall system behavior for - air traffic control and 
battle management. 
Prescribing remedi.es for malfunctions for computer software. 
Configuring objects under constraints for circuit layout and 
CAD. 
Inferring system malfunctions from observable for medical and 
electronic fields. 
DiagnQsing, debugging and repairing student behaviour 
Inferring situation descriptions from sensor data for speech 
anq image analYsis and S!Jrveillance. 
Designing actions - automatic programming and military 
planning. 
Inferring likely consequences of given situations for weather 
forecasting and crop estimation. 
Recommending solutions to system malfunctions. 
CbmpaHng observations to expected outcomes - for power 
plant and fiscat management. 
Exec:uting plans to administer prescribed remedies for 
automobiles/ computers. 
Identifying the best choice from a list of possibilities. 
Modeling the interaction between system components. 
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Table 4.2. Application areas of expert systems. 

Aerospace 
Agriculture 

Business 
Chemistry 

Communications 
Computer System 

Education 
Electronics 
Engineering 
Environment 

Geology 
Image processing 

Information Management 

Law 
Manufacturing 
Mathematics 

Medicine 
Meteorology 

Military Science 
Mining 
Physics 

Process Control 
Power Systems 

Science 
Space Technology 

Transportation 

The predominant role of expert systems has been the diagnosis. One reason for 
the result is that this is the role most experts play. Fields such as medicine, 
engineering, agriculture, and manufacturing have many individuals who help 
diagnose problems. Another reason for the large percentage of diagnostic 
systems is their relative ease of development. 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. 
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Table 4.3. Areas of research in AI adapted from [34]. 

Area Research focus References 

Problem Deats with systematic refinement of goal Hewitt, 1971 
solving and hierarchy, plan revision mechanisms and a 
planning focused search of important goals. 

Expert systems Deals with knowledge processing and complex Feigenbaum, 1977;. 
decision-making problems. Newell and Simon, 

1976; 
Shortliffe,1976 

Knowledge Generation expert systems characterized by David et al., 1993 
based two approaches: combining multiple models 
systems and reasoning techniques and using 

knowledge-level approaches for designing 
systems. 

Natural Areas such as automatic text generation, text Hayes-Roth and 
language processing, machine translation, speech Lesser, 1977 
Processing synthesis and analysis, grammar and style 

analysis of text etc. 
Robotics Deals with the controlling of mechanical Engelberger, 1980 

equipment to manipulate or grasp objects 
and using information from sensors to guide 
actions etc. 

Computer Deals with intelligent visualization, scene Minsky, 1975 
vision analysis, image understanding and processing 

and motion derivation. 
Learning Deals with research and development in Smith et at., 1977 

different forms of machine learning. 

Genetic These are adaptive algorithms that have Holland, 1975; 
algorithms inherent learning capability. They are used in Goldberg, 1989 

search, machine learning. and optimi~ation. 

Neural Deals With simulation of learning in the Selfridge, 1959 
networks human brain by combining pattern 

recognition tasks, deductive reasoning and 
numerical computations. 

Case-based A problem-solving strategy based on the Hammond, 1986; 
reasoning similar past problem-solving experience to Kolodner, 1987; 

help tne desig~er to exploit the useful details Riesbeck and 
for application .to a particular .similar case. Schank, 1989 

RQUgh set Hew matti~rriatical tooL to deal with Pawlak et al., 1995 
th~ory va~ueness and uncertainty. 

lntelltgent Computational· systems that inhabit some Maes, 1995 
agent complex, dynamic environment, sense and 

act autonomously in this environment, and by 
doing so realize a set of goals or tasks for 
which they are designed. 
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Table 4.4. Examples of expert systems in application areas. 

Application areas Examples of Expert Systems 

Aero~pace [4] REX 

Agriculture [5-12] COTFLEX,COMAX,SMARTSOY 

Business [13] SUTA 

Chemistry [14]. DENDRAL, CONGEW, MOLGEN 

Communication [15] COMPASS 

Computer: System [16] DART, ISA, MIXER, XCON 

E<:lUC(l:tion · [ 1.7] .MI~~ 

Elee.troni.cs [ttn SYN, ACE, SADD, FOREST 

Enaineering [191 SACON, DELTA, REACTOR 

Geology [20] PROSPECTOR, ADVISOR 

lm~ge processing [21] 3D PO 

Information Management [221 GCA, CODES, FOLIO 
,. 

t.aw (23] LRS, AUDITOR, SARA 

Manufacturing [24} lSI$, IMACS 

Mattwmatics [25] MACSYMA, MATHLAB68 

Medicine [43, 44] Section 4.2.2. 

Meteorology [26] WILLARD 
Military science [27} MES, ACES, ASTA, DART 

Mining [28] Oust Pro 

Physics [29] MECHO,GAMMA 

Process control [30] FAL,CON, PDA 

Power systems [31] ENERGY MANAGEMENT 

Space technology. [32] ECESIS, FAITH, LES 

Transportation [33] CARGEX 
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4.2.2. Expert systems in Medicine 

Medical expert systems lead to less undiagnosed cases, lower iatrogenic 
disorders and more effective treatment i.e. improved and cost-effective 
healthcare. They can also be used for effective education and training and be 
beneficial for physician, patients, care-givers, health-workers and associated 
stakeholders. 

A detailed review on ES in medical management can be seen in Peart et al. [35]; 
Lambert and Wood [36]; Jones [37]; Barret et al. [38]; Carrascal and Pau [39]; 
Edward-Jones [40]; Mohan and Arumugam [41] and Kumar and Mohanti [42]. 

Many ES and DSS found their application only in the later part of the last 
decade. The development of ES and DSS applications and their continuous 
improvement has resulted in their expansion and application in the different 
domains of medicine. 

In table 4.5., we show some typical globally available medical expert systems/ 
decision support systems. 
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Table 4.5. Some globally available Medical Expert Systems/Decision Support 
Systems. 

Name Type Purpose 
ACORN (Admit to the Ccu ES Advtsing on management of chest pain patients in the 
OR Not) emergency room. 
ADE (Adverse Drug Event) ES Assisting the staff pharmacists to monitoring patient 
Monitor clinical data for potential adverse drug events. 

Apache Ill (Acute ES For prediction of an individual's risk of dying in the 
Physiology and Chronic hospital. 
Health Evatuation) 
Becton Dickinson ES Provides possible medical interpretations of a patient's 
laboratory Systems haematologic test results & determines the minimum 

Inhibitory Concentration values for a variety of drugs 

CaOet oss For Early Cancer Detection 

CADtAG·U (Computer· ES Consultation system to support the differential 
~ted DJAGnosis) diagnostjc proce~~ in internal medicine. 
Can~~r. Me?? ES For automated delivery of personal advice on how to 

reduce risk of cancer. 
CCIS, Cervical Cancer oss Monitors the impact and effectiveness of a cervical 
loformation.·System cancer screening program. 
Clinical Event Monitor DSS Generates alerts, interpretations, screening messages, 

etc. for health care providers. 
Colorado Medicaid ES Performs quality review of drug prescribing for Medicaid 
utilization review system patients. 
Computerized Medical oss For diagnosis of Gastrointestinal Disorders. 
Diagnosis.,CMD 

DermaDex DSS Assisting in the diagnosis of skin disorders. 
DiagnosfsPro DSS Support to provides differential diagnosis in the field of 

general internal medicine, family practice, pediatrics, 
geriatrics and gynecology. 

OoseChecker ES Assisting the pharmacists with monitoring drug orders 
for a set of drugs impairment. 

Dr. Gait Ill • Intelligent DSS Providing the means to view and electronically annotate 
Support of Gait Analysis all the information commonly presented for gait 

analysis of medical history, physical examinations, 
time/distance data, joint ankle graphs, moments, 
powers, force plates, EMGs &: video and sttck figures. 

Epiteptologist • s Assistant ES Produce preliminary progress notes for physicians in 
epilepsy follow up clinic. 

FA(;TS. (Finding oss Helps breast cancer patients find clinical trails for 
Appropriate Clinical which they may qualify. 
TrialS} 
GemrAlert/ Germwatcher ES Assists the Infection Control activities including 

surveillance of microbiology cultures data. 
5GL·Doctor oss Assists professionals of general medicine. 
GIDEON ES For diagnosis and reference in the field tropical and 

infectious diseases, epidemiology, microbiology and 
antimicrobial chemotherapy. 
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HOP, The Heart Disease ES Assist physicians with the diagnosis of heart disease, 
Program particularly those conditions leading to hemodynamic 

dysfllnction and heart failure. 
HELP System DSS Supports not only the routine appUcation of an HIS 

including ADT, order entry/charge capture, pharmacy, 
radiology, nursing documentation, ICU monitoring, 

Hepcpcpert I, II and ES For interpretive analysis of Hepatitis A and B serology 
111/WWW findings. 

Hypertension oss Supports Clinicians for use clinical practice guidelines of 
Hypertension by hiding the complexities. 

ICONS ES Advice antibiotic therapy for patients in an intensive 
care unit with additional complications. 

ILIAD v. 4.5 ES Used for diagnostic consultant covers more than 1200 
diseases includes internal medicine, pediatrics, 
dermatology1 psychiatry, obstetrics and gyneco\ogy, 
peripheral vascular diseases and sleep disorders and 
provides treatment protocols. 

IMM/Serve DSS Helps in management of childhood immunization. 

Interpretation of acid- ES For interpretation of acid-base disorders is in routine 
base disorders use 

Jeremiah oss Provides dentists with orthodontic treatment plans for 
cases suitable for treatment. 

Larsen: Computer-Assisted oss Allows fast, accurate, and reUable documentation of 
Scoring of Rheumatoid erosive and degenerative changes on radiographs of 
Arthritis hands, wrists, and feet in rheumatoid arthritis. 
Uporap ES Developed for the Automatic Phenotyping of 

dy_sl i):?_oproteinemia. I 

MammoNet DSS Mammography Decision Support 

MDDB ES For diagnosis of dysmorphic syndromes 

Meta Net DSS Assist tn the diagnosis of inborn errors of metabolfsm in 
children. 

MINERVA ES For analysis of pathological images or manifestations. 
Managed second surgical ES Provides an automated second surgical opinion for areas I 
opinion (MSO) system where surgery is often overprescribed 
MONI 

NeoGanesh ES For management of mechanical ventilation in Intensive 
Care Units (ICUs). 

Orthoplanner ES Provide~ den~ists with orthodontic treatment plans for 
cases where fixed orthodontic appliance techniques 
must be employed 

PEf~ (Pathology Expert ES For interpretative comments to chemical pathology 
Interpretative Reporting reports. 
System) 

PEPID (Portable DSS Management essentials for virtually all medical and drug 
Emergency Physician problems encountered in the emergency or urgent care 
Information Database) settings. 
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PERFEX (Perfusion Expert) ES For interpretation of 30 tomograms of myocardial 
perfusion distribution 

Phoenix & ISIS DSS been designed to act as a Radiology Consultant. 
PHOENIX is now superceded by ISIS (Intelligent Selection 
of Imaging Studies). 

POEMS (Post Operative DSS Supports relatively inexperienced medical staff assigned 
Expert Medical System) for post-operative care. 
PRODIGY - Project DSS A recommending toot for diagnosis and prescribes cost· 
Prescribing Rationalty effective evidence-based clinical advice/ therapy. 
with Decision • Support in 

~a£:· f)ractice StudY 
ES For diagnoses the resl,llts of pulmonary function tests. 

QMR (Quick Medical DSS Supports the process of clinical diagnosis of internal 
Reference) medicine disorders & allows physicians to review 

disease manifestations, do patient simulations, and 
access reference citations. 

RaPiD (Computer Aided ES For designing Removable Partial Dentures (RPD). 
PartialOenture design) 
Reportable, Diseases 

Rheum Expert ES A tool for a computer-based documentation of patient 
data covering the most important findings and 

symptoms for rheumatic diseases. 
SETH ES For management of acute drug poisoning, gives specific 

advice concerning the treatment and monitoring of drug 

poisoni~Jg. 

TDW,Thallium diagnostic ES To diagnose thallium myocardial scintigraphy from a 
workstation training set of examples. 
Thorask ES Assists health professionals, hospitals and managed care 

providers in optimizing the triage, diagnosis, and 
management of non-traumatic chest pain. 

T ·lOOM Project DSS concerns the design, implementation and testing of an 
(Telemetric MC)nagement inteltigent telemedicine service to assist Insulin 
of Insulin Dependent Dependent Diabetes Mellitus (lOOM) patients. 
Diabetes MelLitus) 
ToxoNet ES Support the clinician in analyzing the test results of 

routinely made toxopl()smosis tests with the objective 
of assurif)g quality by setting standards for therapy. 

TraumAID ES Assist physidanswith the diagnosis and treatment of 
penetrating trauma (gunshots and stab wounds) to the 
chest and·the abdomen. 

TxDENT DSS To improve the process of screening, selecting and 

trackin.&dental_patients. 
Vented DSS Used for monitoring and supporting patients with 

different kinds of imminent and obvious ventilatory 
insufficiencies. 

VIE·PNN (Vienna Expert ES f'or calculating the composition of parenteral nutrition 
System for Parenteral solutions (PNS) for neonates at intensive care units. 
Nutrition of Neonates) 
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4.2.3. Typical features of an expert system 

The following features [45] are typical to an expert system: 

• An ES should solve difficult problems in a domain as good as or better than 
human experts. This is a fundamental criterion. 

• Such systems should process vast quantities of domain-specific knowledge to 
the minute details. These are pieces of knowledge a human expert acquires 
after long years of professional experience in a field. These private pieces of 
knowledge being termed as 'heuristics' need to be incorporated into the 
system along with the conventional knowledge acquired from various 
sources. 

• An ES permits the use of heuristics search process. An ES provides facilities 
for incorporating these heuristic search procedures. 

• The system explains why they ask a question and justifies its conclusions. 
Explanation facilities enhance the credibility of the system in the mind of 
human. 

• An ES accepts advice, modifies, updates and expands. These characteristics 

form the basis for learning. 

• The system deals with uncertain and irrelevant data. Like human experts, ES 
also have to deal with a lot of uncertain and irrelevant data. 

• The system communicates with the users in their own natural language. This 
is a characteristic that everybody is looking for. However, a few primitive 
natural language front end systems have developed which one can hook up 
with the ES. 

• An ES possesses the capacity to cater to the individual's desire. By this we 

mean that an ES can be used in different modes of operation. 

• The system provides extensive facilities for symbolic processing rather than 

numeric processing. Symbolic processing is the core of any AI program and 
hence an ES should provide facilities for doing so. 
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• A final characteristic is from the point of economists and financial people. ES 
need heavy investment and there should be considerable Return-on
Investment (ROI). 

4.2.4. Life cycle of an expert system 

There are five major stages in the development of an ES. Each stage has its own 
unique features and a correlation with other stages shown in fig. 4. 1. 

Stage 1: Identification of the problem. In this stage, the expert and the 
knowledge engineer interact to identify the problem. The major points 
discussed before for the characteristics of the problem are studied. The scope 
and the extent are analysed. The resources and finance are identified and 
estimated. The return-on-investment analysis is also done. 

Stage 2: Mode of development. Once the problem is identified, the immediate 

step would be to decide about the vehicle for development. The knowledge 
engineer can develop the system from scratch using a AI language like PROLOG 

or LISP or any conventional language or adopt a shell for development. In this 
stage, various shells and tools are identified and analysed for their suitability. 
Those tools whose features fit the characteristics of the problem domain are 
analysed in details. 

Stage 3: Development of prototype. One important factor to be decided here 
is the level of knowledge. Starting with coarse granularity, the system 
development proceeds towards high granularity. In this stage, the task of 
knowledge acquisition begins. The knowledge engineer and the domain expert 
interact frequently and the domain-specific knowledge is extracted. Once the 

knowledge is acquired, the knowledge engineer decides on the method of 
knowledge representation. When the knowledge representation scheme and the 
knowledge is available, a prototype is constructed. This prototype undergoes 
the process of testing for various problems and revision of the prototype takes 
place. 

Stage 4: Planning for a full-scale system. The success of the prototype provides 
the needed impetus for the full-scale system. !n prototype construction, the 

area in the problem that can be implemented with relative ease is first chosen. 

In the full-scale implementation, interactions with additional experts takes 
place. Extensive planning is done. 
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Stage 5: Implementation, maintenance and evaluation. This is the final life 
cycle stage of an ES. The full scale system developed is implemented at the 
site. The basic resource requirements at the site are fulfilled and parallel 
conversion and testing techniques are adopted. The final system undergoes 
rigorous testing and later it is handed over to the user. 

Maintenance of the system implies tuning of the knowledge base because 
knowledge, the environment and types of problems that arrive are never static. 

I User II Expert II Knowledge engineer I 
~~ / Study characteristics of the 

problem, scope and extent of 
Problem identification the problem, amount of 

resource needed, ROI 
analysis, and problem area 

identification. 

Selection language or shell or 
Decide on the vehicle for toolkit, characteristics of the 

development selected tool. 

Concept needed for solution, 
I Prototype development task of knowledge acquisition, 

I method of knowledge 
representation and testing of 

the system. 

Additional interaction 
Plan for full scale system between multiple experts, 

heavy planning takes place 
and implementation scheme 

takes form. 

Basic resource requirement at 
Implementation, site fulfilled, parallel 

maintenance, and conversion and tasting, 

I 
evaluation of the full ,~ 

maintenance of knowledge 

system. base and historical database 
and security of various 

subsystems. 

Fig. 4.1. Expert system life cycle. 
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Evaluation is a difficult task for any AI program. Solutions for AI problems are 
only satisfactory. Since the yardstick for evaluation is not available, evaluation 
becomes difficult. However, what one can do utmost is to supply a set of 
problems to the system and a human expert and compare the results. 

4.2.5. Components of an expert system 

Every expert system should have a knowledge base, an inference engine and a 
user interface. AI environments for expert system development are shown in 
block diagrams (figure 4.2 and figure 4.3) which are more or less self 
explanatory. The component of the expert system that contains collection of 
the domain knowledge for the system is called its knowledge base. The 
knowledge base of an expert system contains both declarative (facts about 
objects, events and situations) and procedural (information about courses of 
action) knowledge depending on the form of knowledge representation chosen 
that two types of knowledge may be separate or integrated. There are several 

knowledge representation schemes such as Logic, Semantic Networks, Frames, 
Rules etc. which will be discussed in chapter 5. 

Data, Problems, Questions 

Knowledge 

Knowledge, Concepts, Solutions 

Formalized 
Structured 
knowledge 

USER 1~<---->~llnference Engine I +<-----t Facts and 
Rules 

(Static) l 
Working memory 

(Dynamic) Knowledge base 

Fig. 4.2. An architecture of a typical expert system. 

Simply having a knowledge base itself does not make an expert system 

intelligent. The component that is responsible for making an ES intelligent is 

known variously as the control structure, the rule interpreter, or the inference 
engine. The inference engine defines which heuristic search techniques are used 

to determine how the rules in the knowledge base are to be applied to the 
problem. The knowledge in an expert system is not intertwined with the control 
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structure. As a result of which an inference engine that works well in one expert 
system may work just as well with a different knowledge base. For example, the 
inference engine of one of the most famous medical expert system MYCIN is 
available separately as EMYCIN (essential MYCIN). EMYCIN can be used with a 
different knowledge base to create a new knowledge system eliminating need to 
develop a new inference engine. 

Expert System Building Tool I~ 

I BUILDS 

ES Building Language REFINES 
TESTS and Environment 

Must J Have 

1. Expertise 
2. Symbolic 

Reasoning 
3. Depth 

1 Are not good at 

Representing: 
) Temporal Knowledge 

1. 
a 
b 

2. 
3. 

) Spatial Knowledge 
Common Sense Reasoning 
Handling· Inconsistent Knowledge 

4. Recognising the limits of their 
ability 

I 

Knowledge "I Oueriesl > Domain 
Engineer 

~!Answers I < 
Expert 1 

Expert System 

Domain Specific .._ 

Knowledge Base 

USES 
I FACTS I ... END 
RULES 

.._ 

I -t 
Knowledge Interpret 

1. Intelligent interface 
Knowledge Scheduled system giving 

conversational advis ory 
facility using speech, 

~ image, naturallangu age 
General Problem Solving 

Knowledge Inference 
Engine 

and graphics. 
2. Integration of 

Monitoring, control, 
diagnosis and repair 
wtth the expert system 
Hardware/Software. Future Generation 

Computer Systems 
(FGCS) 

CAPABILITIES 

~ -~~~n_c_~~~~~ty 

Fig. 4.3. A block diagram indicating ES-development environment [46]. 

Next important component is the user interface. This enables user to 
communicate with an expert system. The communication performed by a user 
interface is bi-directional. At the simplest level the user must be able to 
describe his problem to the expert system and the system must be able to 
respond with its recommendations. The user may also ask the system to explain 
its reasoning. The system may also ask the user for additional information about 
the problem. In figure 4. 3 different features that are desirable for the end-user 
interface is described. 
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4.2.6. Classifications of expert systems 

4.2.6.1. Based on knowledge representation 

• Rule-based 

This is one of the mostly used reasoning in developing an expert system. A type 
of knowledge representation in which the knowledge about a domain is 
expressed in rules that define relationships between facts. Rules provide a 
formal way of representing recommendations, directives or strategies. 

• Case-based 

In case-based reasoning [47] is a set of relevant examples rather than general 
rules from the knowledge base. These cases are applied to new problems by an 
analogical reasoning process. The idea is that if a suitable measure of similarity 
exists, the new case can be related to one or more similar past cases in an 
appropriately indexed database. This approach was first tried by Kolodner in 
psychiatry [48] and a number of other domains. Proponents of case-based 
reasoning argue that this is closer to human reasoning. Case-based approaches 
have played an important role in expert programs in law and medicine. A 
comparison of rule-based reasoning vs. case-based reasoning has been shown in 
table 4.6. 

• Frame-based 

Reasoning with frames is much more complicated than reasoning with rules. The 

slot provides a mechanism for a kind of reasoning called expectation-driven 
processing. Empty slots (i.e. unconfirmed expectations) can be filled, subject to 
certain conditioning, with data that confirm the expectations. Thus, frame
based reasoning looks for confirmation of expectations and often just involves 
filling in slot values. 
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Table 4.6. Comparison of Case-based and Rule-based reasoning [49]. 

Criterion Ruh:~-based reasoning Case-based reasoning 
Knowledge unit Rule Case 
Granularity Fine Coarse 
Knowledge Rules, hierarchies Cases, hierarchies 
acquisition units 
Explanc:ltion Back track of rule firings Precedent cases 
m~h~rtism 
.Ch~tacteristic Answer, plus confidence Answer, plus precedent 
output measure cases 
Knowledge transfer High, if backtracking Low, if Low 
acro~s problems deterministic 
Speed as a function Exponential, if Logarithmic, if index tree 
of knowledge base backtracking; balanced 
si;2;e Lil"!ear1 .if. deterministic 
Domain Domain vocabulary Domain vocabulary 
requirements Good set of inference rules Database of example 

Either few rules or solution cases 
is probably still good Stability · a modified good 
Domain mostly obeys rules Rules apply sequentially 

Many exception to rules 

/ Advantages Flexible use of knowledge Rapid response 
Potentially optimal answers Rapid knowledge 

i acquisition ' 
I Explanation by examples 

I Disadvantages Computationally expensive Sub-optimal solutions 
Long development time Redundant knowledge 

I Black-box answers base 

The reasoning process that takes place with frames is essentially the seeking of 
confirmation of various expectations. This amounts to filling in the slots and 
verifying that they match the current situation. With frames, it is easy to make 
inferences about new objects, events, or situations because the frames provide 
a base of knowledge drawn from previous experience. 

Frame-based systems are most applicable to biological classification systems, 
and similar types of systems, in which a static hierarchical classification is a 
part of the knowledge. 
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• Model-based reasoning 

Model-based reasoning is based on knowledge of the structure and behavior of 
the devices the system is designed to understand. Model-based systems are 
especially useful in diagnosing equipment problems. The systems include a 
model of the device to be diagnosed that is then used to identify the cause(s) of 
the equipment's failure. Because they draw conclusions directly from knowledge 
of a device's structure and behavior, model-based expert systems are said to 
reason from 'first principles'. 

4.2.6.2. Based on some technological artifacts 

Two major problems in building expert systems: (i) constructing and debugging 
knowledge base, and (ii) management of uncertainties might be relevant here. 
In the recent years, different ideas, concepts, methodologies have been 
introduced in circumventing the above and allied problems in building 
knowledge-based expert systems and/or in improving the performance in 
decision making systems. The resulting basic modules of various expert systems 
(50] are shown in fig. 4.4. 
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I Rules I 
.0. 

I Knowledge base I + I Inference engine 

I Fuzzy sets I + I Expert system 

I Fuzzy sets (FS) + I Neural net (NN) 

I Trained connection wts. of NN 

I Knowledge base j + llnferencing 

.0. 

I Rules I 

Trained connection weights 
ofNN 

I Knowledge base I + llnferencing 

.0. 

I Rules I 

Crude rules 

Trained connection weights 
ofNN 

1 Knowledge base 1 + 

Refined 
rules 

lnferencing 

¢ I Expert system 

¢ I Fuzzy expert system 

¢ I Fuzzy neural net (FNN) 

¢ I Connectionist expert system 

¢ I Neuro-fuzzy expert system 

Knowledge based 
¢ connectionist expert systems 

Fig. 4.4. Block diagram of the basic modules of various expert systems. 
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Artificial neural networks [51-54] can be formally defined as massively parallel 
interconnections of processing elements that interact with objects of the real 
world in a manner similar to biological systems. All information is stored 
distributed among the various connection weights. The networks can be trained 
by examples and sometimes they generalize well for unknown test cases. 

Fuzzy logic is based on the theory of fuzzy sets. It aims at modeling the 
imprecise (or inexact) modes of reasoning and thought processes with linguistic 
variables that play an essential role in making rational decisions in an 
environment of uncertainty and imprecision. 

The fuzzy set theoretic models [55, 56] try to mimic human reasoning and the 

capability of handling uncertainty, whereas the neural network models attempt 
to emulate the architecture and information representation schemes of the 
human brain. Integration of the merits of fuzzy set theory and neural network 
theory therefore promises to provide more intelligent systems to handle real life 
recognition/decision making problems. For the past few years, there have been 
several attempts [57-60] by researchers over the world in making a fusion of the 
merits of these theories under the heading 'neuro-fuzzy computing' for 
improved decision making systems. 

The knowledge base of an expert system is a repository of human knowledge 
and some of these may be imprecise in nature. This may result in a collection of 
rules and facts which for the most part are neither totally certain nor totally 

consistent. The expert system is also likely to be required to infer from premises 
that are imprecise, incomplete or not totally reliable. The uncertainty of 
information in the knowledge base of the question-answering system thus 
induces some uncertainty in the validity of its conclusions [61]. Hence a basic 

problem in the design of expert systems is the analysis of the transmitted 
uncertainty from the premises to the conclusion and the association of a 

certainty factor [62]. Fuzzy expert systems [62, 63], incorporating the concept 

of fuzzy sets at various stages, help to a reasonable extent in the management 
of uncertainty in such situations. 
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Neural networks are also used in designing expert systems. Such models are 
called connectionist expert systems [64], and they use the set of connection 
weights of a trained neural net for encoding the knowledge base for the 
problem under consideration. 

The block diagram of the basic modules of an expert system, fuzzy expert 
system, fuzzy neural net, connectionist expert system, neuro-fuzzy expert 
system and knowledge-based connectionist expert system have been provided in 
figure 4.4. A fuzzy neural net constitutes the knowledge base of a neuro-fuzzy 
expert system. The rules are collected by knowledge engineers for designing the 
knowledge base of a traditional expert system or fuzzy expert system. The 
connectionist models use the trained link weights of the neural net/fuzzy neural 
net to automatically generate the rules. This automates and also speeds up the 
knowledge acquisition process. The use of fuzzy neural nets helps in the 
handling of uncertainty at various levels (e.g. input, output, learning and 
neuronal) and generates fuzzy rules capable of more realistically representing 
real-life situations. The knowledge-based connectionist expert systems, on the 
other hand, initially encode crude domain knowledge among the connection 
weights of the neural net, thereby speeding up the training phase and 
generating better performance. Refined rules are later extracted from the less 
redundant trained network. 

A comparative analysis of the basic features of these models with those of the 
traditional and connectionist (non-fuzzy) versions is provided in table 4.7. 
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Table 4.7. Comparative study of various expert systems. 

Expert system Connectionist Neuro-fuzzy Knowledge-based 
expert system expert system connectionist I Neuro-

fuz:zy eXPert sy,stem 
Knowledge Knowledge Connection Connection Connection weight of 
base acquisition and weights of trained weights of trained nonfuzzy I fuzzy 

representation neural net that trained fuzzy neural net that were 
in the formof were initialised neural net initialised with crude 
rules, frames, with small random that were domain knowledge in rule 
semantic nets values. initialised form with binary link 
or belief with small weights a prior class 
networks random information and 

values. distribution of pattern 
points. 

Knowledge Addition of Empirical addition Empirical Network optimization 
refinement new of hidden addition of using growing and 

knowledge ( nodes/links hidden pruning of nodes/links, 
say, as new nodes/links based on training data 
rules) and additional 

knowledge. 
lnferenciJ)g Matctlitlg facts Presentation of Presentation Presentation of input, 

with the crisp input, of fuzzy input, forward pass and 
existing forward pass and forward pass generation of output 
knowledge generation of c;risp and 
base output generation of 

fuzzy output 
Rule Crisp rules Funy rules Rules obtained during 
generation obtained during obtained backward pass; negative 

backward pass during rules also possible 
using changes in backward pass 
levels of input and using node 
output units, activation and 
magnitude of link weights 
connection 
weights 

4.3. Why it is an expert system domain? 

There are two distinct parts under this aspect: (i) why does the domain demand 
ES-technology? and (ii) why does the ES-technology suit the domain? Let us 
consider the first issue, the foundation of which may be traced in Chapter 1 and 
chapter 2. Proper and prompt management of child ailment are very much 
required. As an ideal case, at least one pediatrician should be placed at each 
primary/community health centre. But human experts are really a scarce 
commodity. To mitigate such needed expertise, an automated knowledge-based 
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consultation system would be helpful. Let us now examine how the ES
technology suits the problem domain. The key attributes of a domain, to be a 
good candidate for expert system domain, are neither all absolute nor limited to 
the following [65-67]: 

• The Knowledge associated with the domain must be bounded; 
• Non-algorithmic approach is more useful than conventional algorithmic 

approach; 
• Human experts or literature should be available or some prior case studies 

should be conducted to gather knowledge where human experts knowledge is 
neither adequate nor any literature is available; 

• There should be some advantage to using computers with a significant 

payoff; 
• The complete logic is not known in advance; 
• Primarily it requires symbolic reasoning; 
• There may be use of heuristics by the expert(s). Problems require multi

criteria decision making (MCDM) [68] or use of incomplete or uncertain 
information; 

• The domain is fairly stable or at least slowly changing; 
• No alternative solution to the problem is being pursued or is expected to be 

pursued. The present solution under investigation for the domain problem 
will be used for quite some time. 

The knowledge associated with the domain is large and varied. Reaching a 

conclusion with such unbounded knowledge may not be possible. Therefore, 
experts somehow confine their knowledge while handling any problem. We 
confine ourselves within such expertise knowledge during the knowledge 
acquisition process. So, it is better to use here a non-algorithmic approach. 

Multiple experts of the domain are available here. We have no doubt to state 
that a significant pay off from the completed system will be achieved. This pay 
off may be in terms of tangible benefits or may be in terms of social values. 
Knowledge of this problem domain is vast and varied and hence complete and 

sound knowledge may not be available in advance. This requires the use of 

expert systems technology where one may expect the ease of updating and 

maintainability of knowledge base. Primarily, the domain requires to deal with 
some symptoms (medical vocabulary or symbol) like 'Grimace' or 'Flaccid' or 
'Abnormal character gasping'. So, symbolic reasoning is the primary component 
here [69]. It is such a domain where the use of heuristics by the experts gained 
in a number of years of practice will be useful. Multiple criteria decision making 
and incomplete or uncertain information processing are also the characteristics 

of the domain. From the economic point of view, no better solution seems 
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feasible. It may not be possible to appoint even one human expert (pediatrician) 
in all health-care centres. The needs of the domain may be fulfilled, at least 
partially, by the present system under investigation. It is expected that the full 
system once achieved will partially be used as long-term basis, an important pay 
off. 

4.4. What requirements the domain lays on an expert system? [69] 

With the above justifications of using expert systems technology for the domain, 
let us now investigate the requirements the domain lays on an expert system. 

• Portability 

To have its increased usage an expert system is expected to be portable. This 
essentially means that the system can be run on different types of target 
machines which can be procured at low cost and can be transported easily to 

different remote locations. Moreover, the recurring expenditure should be low 
in terms of power consumption, maintenance etc. During the system 

development, one has to select a software development tool to satisfy the said 
purpose. For example, one may suitably select PROLOG/LISP or an ES-shell or a 
tool-kit based on PC running under MS-DOS/Windows. Summarily, a low cost and 
easily manageable by the end users PC-based system is being proposed here. 
This portability feature should certainly encourage the usage issue discussed in 
chapter 1. It should be easier then for health-care providers who already have 
hardware with them to procure this system. This may require a small 
upgradation rather than procuring specialised LISP-based machines or AI 
workstations. 

• Modifiability 

The domain knowledge in knowledge base may have to be enhanced owing to 
different reasons. Three specific reasons may here be noted. First, when 
complete and sound knowledge may not be available in advance, a fact for the 
present domain, existing system should easily and quickly incorporate the 
required changes, specially bearing in mind the state-of-the-art knowledge of 

the domain. Secondly, the complete and sound knowledge may not be possible 
to acquire in the initial stage of the knowledge acquisition process. At the later 
stage of the development, further enhancement would be required. Third, for 

its survival, a system should be of open type. This essentially means that the 

system should cope with the advanced development, obviously small, suggesting 

the modifiability feature to incorporate in the system. A closed system should 
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eventually die. In a system, the modifiability has to be taken care of at two 
levels: i) at the design level, and ii) at the implementation level. 

• Dealing with inexact information 

In real world, we have the experience that sometimes either we have no 
knowledge about an object or we have some incomplete, fuzzy or uncertain 
knowledge about the object. But, one has to reason in this situation and has to 
reach a decision. For a medical domain this is more critical. An expert system 
should be capable of handling these inexact situations. 

• Transparency 

For firm identification and diagnosis as well as for further course of action(s), an 
expert may not be satisfied with the decision only offered by an expert system. 
He/she may demand the total reasoning path traversed by the system, for their 
mental satisfaction. Generally, 'HOW' and 'WHAT IF' types of transparency are 
expected. So, an explanation tracing procedure should be there, as a module, 
with the system. This particular feature should assist them to view the chain of 
reasoning leading to a conclusion. This chain of reasoning should certainly 
support for further analysis and control planning. This chain of reasoning should 

also be useful to non-monotonic reasoning issue. 

• Learning facility with a dynamic knowledge base 

It may be useful to remember the results or facts of at least one previous 
consultation session for better comparison, especially for the healthcare field. It 
ls true that the deficlency in growth and development should be estimated in 

comparison with a set standard i.e. milestones what are stored in static part of 
knowledge base. But, however, it should also be useful to estimate the 

incrementi decrement of growth parameters in comparison with the previous 

consultation session. This should give us an idea about the parameters which 

need more attention. This is essentially a learning facility with the system. This 

facility may be achieved with a dynamic knowledge base. We call this dynamic 

portion of knowledge base as short-term knowledge base (STKB). This STKB may 
also help to achieve 'improved backtracking' compared to 'blind or chronological 
backtracking'. This STKB, we observe, may also play an active role on non
monotonic reasoning. 
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• Structured and modular data structure 

Let us now identify some key requirements of the domain in connection with its 
knowledge representation where structuredness and modularity are demanded 

for: 

Managing a large and varied knowledge base 

The domain knowledge size is significantly large and varied. In this situation, 
the knowledge can become unmanageable. To make it manageable, it will be 
worthwhile to use structured and modular data structure for knowledge 
representation. 

Avoiding redundancy and thereby removing inconsistency 

Any component of knowledge is expected not to be duplicated in a knowledge 

base either in the design phase or in the implementation phase. This redundant 
information requires more space and also leads to inconsistency problem during 

upgradation of knowledge. Using a structured and modular data structure one 
can avoid this redundancy problem. 

High level of abstraction 

An abstraction is a way of representing a group of related things by a single 

thing which expresses their similarities and suppresses their differences. For the 

present domain, the level of abstraction is expected to be high for the ease of 
proper identification and diagnosis from a large and varied knowledge base. A 
high level of abstraction may be achieved using an equally highly structured and 
modular data structure for knowledge representation. 

In chapter 5, a detail discussion has been provided on the knowledge 
representations schemes along with their relative merits and demerits. 

4. 5. Discussions 

After a brief introduction to expert systems technology, categories and 

application areas of expert systems with some examples have been provided. 
Components of a typical expert system, typical features of an expert system, 
major stages of expert system development have been provided in brief. Then 
we have discussed the types of expert systems with a note on the recent trends 
of the technology. 
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Case-based and/or model-based reasoning are preferred by some researchers in 
some domains (e.g. medical, agricultural etc.). For the generation of more 

intelligent decision making systems some researchers propose fuzzy systems, 
some propose neuro-fuzzy models, some propose knowledge-based networks 
model and some propose connectionist model. They have their relative merits 

and demerits. A comparative study of the various methodologies has been 
provided in tabular form. 

In our present study we have explored the development of a rule based object
oriented knowledge based system for the peadiatric healthcare domain and as 

well as case-based reasoning for the development of our models for case-based 
learning and case-based classifier approach. 
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I CHAPTER 5 

Knowledge Engineering: Techniques 8: Tools 

5.1. Introduction 

Knowledge acts like a machine that takes in data and information at one end 
and spurts out decisions and actions at the other end. This idea can be put into 
a definition depicted in fig. 5. 1. 

ability manipulate data perform skillfully 

Knowledge is the skill to transform information to make decisions 

expertise create ideas solve problems 

Fig. 5. 1. Knowledge. 

Creation of an ensemble of knowledge handling capabilities for problem-solving 
through computers is referred to as Knowledge Engineering (KE). KE is the 
process of acquiring, representing, organising, encoding, storing, processing and 
applying knowledge through computers. Its purpose is knowledge-based 
problem-solving in specified domains. KE, used mainly with reference to 
computer science, has been defined by Feigenbaum (1] as the process of 
reducing a large body of knowledge to a precise set of facts and rules (Table 
5.2). The concept has come into widespread use in the '80s following the 
development and implementation of a new kind of computer programs (Expert 
Systems) aiming at embodying and communicating in a structured organized way 
the expertise related to specific domains of knowledge. 

Developing knowledge-based application creates difficulties to knowledge 
engineers [2]. Knowledge-based system cannot be handled by general software 
engineering methodology. The lifecycle of knowledge based application and 
software application is different in many aspects. In order to achieve the 
objective of knowledge engineering, Knowledge-Based Engineering (KBE) 
application lifecycle [3] focuses on these six critical phases as shown in figure 
5.2. 



1. IDENTIFY 

4. FORMALIZE 

Fig. 5.2. Knowledge based engineering application lifecycle. 

Expert Systems (ES) require the use of domain related 'expert' knowledge for 
their solution. The expert knowledge may be in the form of facts, relationships, 
procedures, heuristics, beliefs, experience and insights. It may variously be 
formal and categorical, quantitative and qualitative, incomplete and imprecise, 
uncertain and judgmental. Knowledge may be collected from many sources. A 
representative list of sources includes domain experts, books, computer 
databases, maps, flow diagrams, pictures, web-sites etc. These sources can be 
categorised into two types: documented and undocumented sources. 

Domain experts are generally considered as the primary sources of knowledge 
for an expert system development. Experts should have developed domain 
expertise by task performance over a long period of time. One of the objectives 
of the knowledge acquisition is to find the experts' heuristics related to the 
task. Project experts should have enough experience to have been able to 
develop the domain insights that result in these heuristics. 

Experts should be capable of communicating their knowledge, judgments, and 
experience and the methods they use to apply these to the particular task. 
Experts' temperament, cooperativeness, and working relation with the project 
team can have a major impact on the success and the speed of the knowledge 
acquisition. 

This knowledge has to be put into an objective form for the knowledge base. 
The proper selection and design of a suitable knowledge representation scheme 
should be in tune with the requirements of the application domain. In addition, 
the proper selection should also depend on certain important properties of a 
scheme like expressive power and adequacy in context to the application 
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domain. In this chapter, we have tried to analyse some of these issues from the 
viewpoint of an expert system designer. 

Section 5.2 contains the description of levels of knowledge. Knowledge 
categories are presented in section 5.3. In section 5.4, we describe the 
knowledge acquisition. Methods of knowledge acquisition are presented in 
section 5.5. Knowledge acquisition problems and possible ways of overcoming 
them are discussed in section 5.6. Section 5. 7 contains the knowledge 
acquisition in the context of present work. Section 5.8 will be devoted to 
describe some knowledge representation schemes from the literature. Section 
5. 9 contains the object-oriented presentation in expert systems. In section 5.1 0, 
we analysed the relative suitability of such schemes as described in section 5.8. 
Lastly, some discussions are provided. 

5.2. Levels of knowledge 

There are two extreme levels of knowledge - shallow knowledge and deep 
knowledge. Shallow knowledge is the surface level information that can be used 

to deal with very specific situations. Deep knowledge refers to the internal and 
casual structure of a system and considers the interactions among the system 
components. Deep knowledge can be applied to different tasks and different 
situations. It is based on a completely integrated, cohesive body of human 
consciousness that includes emotions, common sense, intuition etc. 

5. 3. Knowledge categories 

Knowledge can be differentiated into various categories - such as declarative 
knowledge, procedural knowledge, semantic knowledge, episodic knowledge 
and meta-knowledge. 

Declarative knowledge 

Descriptive representation of knowledge is a declarative knowledge. It is 

expressed in a factual statement. Declarative knowledge is especially important 

in the initial stage of knowledge acquisition. 

Procedural knowledge 

It includes step-by-step sequences and how-to types of instructions, it may also 
include explanations. 
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Semantic knowledge 

Semantic knowledge reflects cognitive structure that involves the use of the 
long term memory. 

Episodic knowledge 

Episodic knowledge is autobiographical, experimental information organized as 
a case or an episode. 

Meta-knowledge 

Meta-knowledge means knowledge about knowledge. In AI, meta-knowledge 
refers to the knowledge about the operation of knowledge based systems i.e., 
about its reasoning capabilities. 

5.4. Knowledge acquisition 

Knowledge acquisition is the process by which expert system developers get the 
knowledge that domain experts use to perform the task of problem solving. This 
knowledge is then implemented to form the ES programs. Therefore, after 
domain selection, knowledge acquisition is very likely the most important task 
in an ES development. Acquisition of domain knowledge is a crucial phase of any 
knowledge engineering application and its weakness or failure can decisively 
block any future progress toward building an ES. Knowledge acquisition has to 
be systematic and comprehensive. It is desirable that, the knowledge must be 
accurate, complete in the sense that all essential facts and rules are included, 
free of inconsistencies and so on. 
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Table 5.1. Knowledge Processes [4,5 & 6]. 

Knowledge process Knowledge t~sks 

by 

Liebowitz 1. Transform information to knowledge 

2. Identify and verify knowledge 

3. Capt1,1re and secure knowledge 

4. Organise knowledge 

5. Retrieve and apply knowledge 

6. Combine knowl~dge 

7. Create knowledge 

8. DistribUt~/S,ell knowledge 

Wi1g 1. Creation and sourcing 

2. Compilation and transformation 

3. Dissemination 

4. ApP,l)cation and vat1,1e realization 

Vander spek 1. Developing new knowledge 

2. Securing new and existing knowledge 

3. Distributing. kno.wledge 

4. ~ombinirig ~vailable knowledge 

Ruggles 1. Generation consisting of creation, 

acquisition, synthesis, fusion, adaptation 

2. Codification consisting of capture and 

representation 

3. Transfer 

Staab et al. 1. Creation and import 

2. Capture 

3. Retrieve/ Access 

4. Use 

Weber &Aha 1. Collect 

2. Verify 

3. Store 

4. l)fsseminate 

5. Reuse 
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5.4.1. Sources of knowledge 

There are various sources of knowledge. We may classify them into two broad 

categories: (i) classical sources, and (ii) more recently available web-based 

sources. 

Classical sources 

A representative list of classical sources includes (i) domain experts, (ii) books 
and literature, films, computer databases, pictures, maps, flow diagram, etc. 

and (iii) real field case studies. Furthermore, these sources can be divided into 
two types: documented and undocumented knowledge. Undocumented 

knowledge resides in people's mind. Worthwhile to mention that in medical 
domain there are scopes of accumulating undocumented knowledge as gathered 
by the medical practitioners during their consultation with the patient. In this 

respect, domain experts might be considered as a good source of knowledge. 

Although there is a need for better methods of knowledge acquisition, including 

techniques to automate the process, but for the foreseeable future, most of the 

knowledge for any practical expert system in a complex domain will be obtained 
through the interaction of knowledge engineers and domain experts [7]. 

Web-based sources 

Knowledge acquisition has got a new dimension in the recent years 

introduction of Internet and World-Wide-Web (WWW). WWW has not only 

revolutionized the dissemination process of information but also it has created 

novel opportunities for sharing literal knowledge via Internet. Peoples are now 

getting acquaintance with web-based computer technologies. Knowledge 

engineers, working in their fields of interest can search and access the relevant 
web documents as a source of knowledge. 

5.5. Methods of knowledge acquisition 

The elicitation of knowledge from the expert can be done by various ways. We 

may classify the methods of knowledge acquisition in three categories: manual, 

semiautomatic and automatic. 
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Manual methods 

Manual methods are typically based on some kind of interview. The knowledge 
engineer elicits knowledge from the domain expert and I or other sources and 
then codes it in the knowledge base. The three major manual methods are 
interviewing (structured, unstructured, semi-structured), tracking the reasoning 
process, and observation. 

Interviewing 

Structured interview 

Structured interview is a systematic goal-oriented interview. It establishes an 
organized communication between the expert and the knowledge engineer. 
Attentions to a number of procedural issues are necessary for structuring an 
interview. During the knowledge acquisition session the knowledge engineer 
should identify target question to be asked. Sample question, questioning 
techniques, question(s) type and level should be written prior to structured 
interview. Knowledge engineer should follow the guide lines for conducting 
interviews. 

Unstructured interview 

To start with, informal interviews are conducted for many knowledge 
acquisition requirements. It helps to get quickly to the basic structure of the 
domain and saves time. According to McGraw and Harbeson-Briggs [8], 
unstructured interviewing seldom provides complete or well organized 
descriptions of cognitive processes. They pointed out different problems related 
to unstructured interviews. But, however, sometimes this kind of unstructured 
interviews should help the knowledge engineers. 

Semi-structured interview 

Semi-structured interviews are obviously a compromise between structured 
approach and unstructured approach. This approach is required when complete 
unfolding of the complexity of the problem domain is not possible. 
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Tracking the reasoning process 

This refers to a set of techniques that attempts to track the reasoning process 
of an expert. Cognitive psychologists use this technique in discovering the 
expert's 'train of thought' while he I she reaches a conclusion. 

Observations 

Sometimes, it may be possible to observe the expert at work and thereby one 
can acquire knowledge. 

5.5.2. Semi-automatic methods 

Methods intended to help the knowledge engineers by allowing them to execute 
the necessary tasks in a more efficient and I or effective manner and also 
intended to support the experts by allowing them to build knowledge bases with 
little or no help from knowledge engineers are semiautomatic methods. 

5.5.3. Automatic methods 

In this method the role of the expert is minimal (limited to validation) and there 
is no need for a knowledge engineer. For example, the induction method can be 
administered by any builder (e.g., a system analyst). 

5.6. Problems in knowledge acquisition 

There are some problems with knowledge acquisition [9] mainly concentrating 
on two aspects: (i) availability of source(s) and (ii) transferring knowledge. To 
overcome these problems many efforts have been made [10]. For example, 
researches on knowledge acquisition toots are going on [11] to focus on ways to 
decrease the representation mismatch between the human expert and the 
program under development. Several expert system development software 
packages such as EXSYS, levelS and VP expert greatly simplify the syntax of the 
rules (in a rule-based system) to make them easier for an expert system builder 

to create and understand wlthout special training. Also, a natural language 
processor can be used to translate knowledge. 
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In case of web based acquisition, any search engine results a large number of 
directories. It is sometimes very difficult to have a comprehensive list of the 
proper web sites of domain interest. Although one may get some good starting 
places. Some problems associated with web based knowledge acquisition are: 

a) There is a big question of reliability of information as there is lack of quality 
control at stage of production and uploading. 

b) It is possible to read a web page without having seen context pages or the 
cover page containing disclaimers, warnings etc. 

c) Authors of web pages, news articles, e-mails, etc., sometimes remain 
unidentified. 

5. 7. Knowledge acquisition in the context of present work 

As primary sources, we used human experts, books, manuals or other written 
materials discussing the domain. As the problem domain is concerned with fever 
management and resuscitation of child, so at the very initial stage of this work, 
the knowledge of domain parameters was elicited from various books on the 
subject, published papers and workshop reports. Major parts of the documents 
were collected from some well-known medical institutes' websites, having 
experience and contribution in providing the research and development in 
peadiatric domain. We had also taken help from doctors. 

The domain terminology, categories and jargon were extracted from the above 
said literatures and a glossary of pertinent domain terms was prepared. It 
provided a benefit on the subsequent steps of knowledge engineering. 

The steps involved in new-born resuscitation management and child fever 
management were identified on the basis of documents acquired from different 
sources. The possible set of precautions required for each steps were verified by 
the domain experts. The outcomes were studied from relevant text books and 
publications and domain experts. 

Domain experts are one of the primary sources of knowledge for an ES. 
Knowledge acquisition primarily refers to the process of eliciting the needed 
knowledge from domain experts. Knowledge acquisition is concerned with 
eliciting the facts, rules, patterns, heuristics, and operations used by experts to 
solve problems in a particular domain. In the present work, as the primary 
source of knowledge, three domain experts having 20 to 30 years of experience 

119 



had been consulted through structured interviews. Forms were prepared to 
record the knowledge extracted from those experts. The experts were 
requested to give their judgments for different set of possible observations. The 
representative sources of domain experts used in this work are: 

(i) Dr (Mrs.) Mridula Chatterjee, Pediatrician, North Bengal Medical 
College and Hospital, Sushrut Nagar, West Bengal, India. 

(ii) Dr. S. S. Debnath, (0 ft G), C.M.O., P.M.Hospital, Visva-Bharati, 
Santiniketan, West Bengal, India. 

(iii) Dr. M. G. Goswami, Senior Medical Officer, Siliguri, West Bengal, 
India. 

5.8. Knowledge representation methods 

The way a knowledge engineer models the facts and relationships of the domain 
knowledge is called knowledge representation. The two types of knowledge 
that need to be represented in a computer are declarative knowledge and 
procedural knowledge. Declarative knowledge signifies facts about objects, 
events, and about how they relate to each other and procedural knowledge 
signifies the way to use the declarative knowledge. 

Several common knowledge representation schemes have been discussed in the 

literature [9, 12-16] including logic, semantic networks, production rules, 
frames, scripts, and OAV-triplets as classical methods; and the relatively new 
paradigm: object-oriented (0-0) approach. 

5.8.1. Logic 

Logic is a formal method of reasoning. The application of logic as a practical 
means of representing and manipulating knowledge in a computer was not 
demonstrated until the early 1960s [17]. Many concepts which can be verbalized 

can be translated into symbolic representations. These symbolic structures can 
then be manipulated in programs to deduce various facts to carry out a form of 

automated reasoning. The logic process takes in some information called 
premises and produces some outputs called conclusions. Logic is basically 
classified into two categories: propositional logic and predicate logic (first order 
predicate logic). 

Propositional logic (PL) is the simplest form of logic. Here all statements made 
are called propositions. A proposition in propositional logic takes only two 
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values Le. either the proposition is 'TRUE' or it is 'FALSE'. Consider the 
following statements: 

Statement 1: Sun rises in the East. 

Statement 2: Diamond is a brittle material 

Both these statements are propositions, with the former having a value of TRUE 
and the later having a value of FALSE. 

Valid statements or sentences in PL are determined according to the rules of 
propositional syntax. This syntax governs the combination of basic building 
blocks such as propositions and logical connectives. There are two kinds of 
propositions: atomic propositions (simple propositions) and molecular 
propositions (compound propositions). Molecular propositions are formed by 
combining two or more atomic propositions using a set of logical connectives 
'not', 'and', 'or', 'if', 'then', and 'if and only if'. 

The inference rules of PL provide the means to perform logical proofs or 
deductions. A key inference rule in PL is modus ponens. 

Modus ponens: From P and p ___ , Q infer Q 

or 

For example, 

p 

p --} Q 

Q 

given: ( Maya is a mother) 
and ( Maya is a mother) ' ( Maya has a child) 

conclude: ( Maya has a child). 

PL works well in situations where the result is either TRUE or FALSE, but not 
both. However, there are many real life situations that can not be treated this 
way. 

First Order Predicate Logic (FOPL) or predicate calculus has played one of the 
most important roles in AI for the representation of knowledge. In FOPL, 
statements from a natural language like English are translated into symbolic 
structures comprised of predicates, functions, variables, constants, qualifiers, 
and logical connectives. The symbols form the basic building blocks for the 
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knowledge and their combinations into valid structures are accomplished using 
the syntax for FOPL. Once the structures have been created to represent basic 
facts or procedures or other types of knowledge, inference rules may then be 
applied to compare, combine, and transform these 'assumed' structures into 
new 'deduced' structures. This is how automated reasoning or inferencing is 
performed. 

Like propositional logic, a key inference rule in FOPL is modus ponens. From the 
assertion 'Tom is a cat' and the implication 'all cats are good' we can conclude 
that 'Tom is good'. 

Assertion: Cat (Tom) 
Implication: \/x cat(x) ~ good(x) 
Conclusion: good (Tom). 

In general, if 'a' has property P and all objects that have property P also have 
property Q, then the conclusion is a has property Q. 

Modus ponens: P(a) 

\/x P(x) ~ Q(x) 

Q(a) 

5.8.2. Semantic networks 

A graphic notation for representing knowledge in patterns of interconnected 
nodes and arcs is called a semantic network. Computer implementations of 
semantic networks were first introduced by Quillian [18] to model the semantics 
of English sentences and words. 

What is common to all semantic networks is a declarative graphic 

representation that can be used either to represent knowledge or to support 

automated systems for reasoning about knowledge. The most common kinds of 
semantic networks [19] are shown below: 

• Definitional networks 
• Assertional networks 
• lmplicational networks 
• Executable networks 

• Learning networks 

• Hybrid networks 
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Semantic nets provide a more natural way to map to and from natural language 
than do other representation schemes. Network representations give a pictorial 
representation of objects, their attributes and the relationship that exist 
between them and other entities. The following rules about nodes and arcs 
generally apply to most of the semantic nets: 

a) Nodes in the net represent either entities or attributes or states or 
events. 

b) Arcs in the net give the relationship between the nodes and labels on 
the arc specify what type of relationship actually exists. 

For example, a class of objects known as 'Bird' is depicted in fig. 5.3. The class 
has some properties and a specific number of class named 'Tweety' is shown. 
The colour of 'Tweety' is seen to be yellow. 

bird 
tweety COLOUR >I yellow 

HAS-PARTS 

Fig. 5.3. Fragment of a semantic net 

5.8.3. Rules 

Rules provide a formal way of representing recommendations, directives, or 

strategies; they are often appropriate when the domain knowledge results from 
empirical associations developed through years of experience solving problems 

in an area. A rule has two parts. The first part is a premise of conditions 

connected by logical-AND or logical-OR relationships. The second part is a 

conclusion. When the premise of a rule is true, the conclusion of the rule will 

become true. In some systems rules may be implemented by semantic networks 

or OAV, as in MYCIN [20], the medical diagnostic system developed at Stanford 
University. Alternatively, rules may be represented by frames, as in lntelliCorp's 
knowledge engineering environment [21]. 
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Table 5.2. Characteristics of rule representation. 
First Part Second part 

Hames Premise Conclusion 
Antecedent Consequence 
Situation Action 
IF THEN 

Nature Conditions Resolutions 
Similar to Declarative Knowledge Similar to Procedural Knowledge 

Sj:ze Can·have many lfs Usually ha.s. one conclusion 
Statement AND statements AU condition must be true for a 

conclusion to be true 
OR statements If any of OR statement condition is 

TRUE the conclusion is TRUE 

In expert systems jargon the term rule has a much narrower meaning than it 
does in ordinary language. It refers to the most popular type of knowledge 
representation technique, the rule-based representation. Rules are expressed as 
IF-THEN statements, as shown below [22]: 

Rule 1. If a flammable liquid was spilled, 
catted the fire department. 

Rule 2. If the pH of the spill is less than 6, 
the spill material is an acid. 

Rule 3. If the spill material is an acid, 
and the spill smells like vinegar, 
the spill material is acetic acid. 

Fig. 5.4. Rule-based representation using statement. 

These are rules that might exist in a crisis management expert system for 
containing oil and chemical spills. Rules are sometimes written with arrows ( ~} 
to indicate the IF and THEN portions of the rules. 

Rule 2 in this notation would look like: 

I 
If the pH of the spill ~ the spill material 

. is less than 6 is an acid. 

Fig. 5. 5. Rule-based representation using arrows. 
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In a rule-based expert system, the domain knowledge is represented as sets of 
rules that are checked against a collection of facts or knowledge about the 
current situation. When the IF portion of a rule is satisfied by the facts, the 
action specified by the THEN portion is performed. When this happens, the rule 
is said to fire or execute. A rule interpreter compares the IF portions of rules 
with facts and executes the rule whose IF portion matches the facts. 

There are two important ways in which rules can be used in a rule-based expert 
system: forward chaining and backward chaining. 

Forward chaining is a 'data-driven' approach. In this approach one starts from 
available information as it comes in, or from a basic idea, then to draw 
conclusions. Backward chaining is a 'goal-driven' approach in which one starts 
from an expectation of what is to happen (hypothesis), then seek evidence that 
supports (or contradicts) his/her expectation. The inference chain created by 
backward chaining is identical to the one created by forward chaining; but 
however, the order and actual number of states searched can differ. The 
preferred strategy is determined by the properties of the problem itself. 

5.8.4. Frames 

The concept of frames as a means of representing knowledge was introduced by 
M. Minsky [23]. He formulated the notion of frames like data structures for 
presenting of stereotypical situations [24]. The idea is that the whole data 

describing a given situation has to be collected in one place - the frame of the 
situation. As is known, frames have a common part and slots which represent 
the different characteristics of the object or the relationships with other 
objects. Important constituent part of every frame is a pointer to its parent 
frame. In this way, a hierarchy with properties inheritance is defined. Slots are 
filled by fillers, which can be atomic values and names of other frames, too. 

Frames, which compose the model of the knowledge domain, are called generic 
frames or type frames and frames which describe a particular object known as 

individual frames [25]. A distinctive feature of inheritance in frame systems is 

that it is defeasible, i.e. the property is inherited only if in a specialization sub
frame or in an instance of the same frame, it is not replaced by another value 
explicitly. Another aspect of reasoning with frames is the classification -

putting of a frame to its exact place in the hierarchical structure. Classification 
and inheritance do not represent the full scope of possibilities of deductive 
reasoning; they do not have the computational power of a programming system, 

but they do support knowledge engineering efficiently [26]. 
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A disadvantage of a frame-based knowledge base is that it cannot work with 
objects, whose characteristics are not known in advance and it cannot process 
untypical situations [27]. Another disadvantage is that like in first order 
predicate logic, the knowledge domain has to be static. Change, if it occurs, is 
an exception rather than a rule. The third disadvantage is connected with 
procedural knowledge in frame systems. The procedural knowledge is not 
represented by a frame but with programming code. The system can perform 
reasoning with this knowledge, but not about it [28]. 

Frame-like structures, along with rules, are exercised in expert systems [29, 30 
& 31] provide examples of tool and shell developments which facilitate the 
manipulation of knowledge presented by frames. Frames are a convenient 
method for modeling of the knowledge domain in intelligent systems for 
planning. Even though Alshawi et al. [32] used kind of predicate logic for 
knowledge representation, the connection with the data base goes through 
'conceptual predicates' which have much in common with the concept of 

frames. Frames with their capabilities for easy representation of concepts with 
high level of abstraction are a proper method for knowledge representation 

when the goal is realization of a natural language sentences analyzer. 

Frame representations have become popular enough that special high level 
frame-based representation languages have been developed. Most of the 
languages use LISP as the host language. Several frame languages have now 

been developed to aid in building frame based systems. They include the Frame 
Representation Language (FRL) [33], Knowledge Representation Language (KRL) 
[34], and KLONE [35]. 

5.8.5. Scripts 

Scripts were proposed by Roger Schank [36] at Yale University. Scripts are 
composed of a series of slots that describe, in sequence, the events that we 

expect to take place in familiar situations. Just as the concept of frames is 
based on the assumption that we have a set of expectations about objects, the 

use of scripts assumes that we also expect certain sequences of events to occur 
in particular times and places. 

Reasoning in a script begins with the creation of a partially filled script situation 
to meet the current situation. Next a known script which matches the current 
situation is recalled from memory. The script name, pre-conditions or other key 

words provide index values with which to search for the appropriate script. 
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Inference is accomplished by filling in slots with inherited and default values 
that satisfy certain conditions. 

Scripts have now been used in a number of language understanding systems, 
such as SAM, PAM, POLITICS, FRUMP, IPP, BORIS etc. at Yale University by Shank 
and his colleagues. They all used some form of script representation schemes. 

5.8.6. Object-attribute-value triplets 

The object-attribute-value triplets (OAV-triplets) provide a particularly 
convenient way in which to represent certain facts within a knowledge base and 
may be extended to provide the basis for the representation of heuristic rule. 
Each OAV-triplets is concerned with some specific entity or object. This method 
represents knowledge using three tuples: (0, A, V). 0 is the set of objects, 

which may be physical or conceptual entities. A represents the set of attributes 
characterizing the general properties associated with objects. V (values) 
specifies the nature of the attributes. 

An expert system stores data about real-world entities. In knowledge 
representation theory, the real-world entities are objects. Each object has one 
or more attributes or properties, and the attributes have values; for example 
fig.5.6., 

II Object Attribute Value 
L 

I I Bird Colour Green 

John Height Tall J '--------

Fig.5.6. KR using OAV-triplets. 

The object is Bird, the attribute is Colour, and the value is Green. Another 

example, the object is John, the attribute is Height, and the value is Tall. 

OAV is more structured than a semantic network. However, when the number of 
objects increases, an OAV system becomes difficult to manage. 
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5.8. 7. Object-Oriented methodology 

An object is an independent entity represented by some data and a set of 
operations (methods and capabilities) [37]. So, an object can be used to 
represent a variety of knowledge. Knowledge (K) can be formally represented by 
three tuples, K = (C, I, A). C is a set of classes represented by class objects. I is 
a set of instances represented by instance objects. A is a set of attributes 
possessed by the classes and instances. 

5.8.7.1. Classes 

A class is a description of a group of similar instance objects [37]. Each class has 
a unique name and a set of attributes that define the properties of the class. A 
class may be a sub-class of another class and may inherit properties from its 
parent class as discussed in sub-section 5.8. 7.4. 

5.8. 7.2. Instance objects 

Instance objects are members of classes. Their properties are defined by their 
parent classes. Each instance object consists of three sets of attributes: 

(a) Name - the name of the object, which is unique in the system. It is used 

to identify the object. 

(b) Class - the class that contains the object. 

(c) Instance attributes - attributes belonging to the instance object. Some 
operations may be performed on these attributes. The behaviour of the 
object is determined by the values of these attributes. 

5.8. 7.3. Attributes and methods I operations 

The property of an attribute is determined by its type and value. The type of an 

attribute is defined by its class, while the value may be defined in its class or its 
instance object. A set of generic attributes can be associated with the every 

object in a class, say furniture, for example. All furniture have a cost, 
dimensions, weight, location, and colour among many possible attributes. 

Methods are a kind of attribute belonging to objects. They are used to represent 
capabilities, not to store data, and are defined in classes. Methods cannot be 
modified during consultations. 
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5.8. 7.4. Inheritance 

Properties of a class can be inherited from its parent's class. This feature 
permits factoring knowledge into a class hierarchy. Thus, it encourages modular 
design of knowledge. The system adopts the inheritance rules, which are similar 
to those in small talk [38], as follows: 

(a) If class A inherits from class B, then the objects of class A support all 
operations supported by objects of class B. 

(b) If class A inherits from class B, then class A's attributes are a superset of 
class B's attributes. 

Once the class has been defined, the attributes can be reused when new 
instances of the class are created. For example, assume that we were to define 
a new object called table that is a member of the class furniture. Table inherits 
all of the attributes of furniture [38]. 

Every object in the class furniture can be manipulated in a variety of ways. It 

can be bought and sold, physically modified, or moved from one place to 
another. Each of these operations will modify one or more attributes of the 
object. 

The object chair (and all objects in general) encapsulates data (the attribute 
values that define the chair), operations (the actions that are applied to change 
the attributes of chair), other objects (composite objects can be defined [39]), 
constants (set values), and other related information. Encapsulation means that 
all of this information is packaged under one name and can be reused as one 
specification or program component. 

5.8.8. Knowledge acquisition tools 

The ready-made templates for acquiring domain knowledge from experts are the 
knowledge acquisition tools. The first step of is to select the target medical 
area and select experts to gain domain specific knowledge. The next step is 
then to transfer the knowledge into computer interpretable knowledge based on 
the designed knowledge representation schemes discussed above. This section 
summarise the comparisons (Table 5.3.) of some important acquisition tools on 
the main five aspects: (i) Established domain ontology, (ii) Abilities of handling 
uncertainties, (iii) Representation schemes, (iv) Specific knowledge 

representation language and (v) Guideline execution engine or inference engine. 
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Many knowledge acquisition tools have been developed for ES/DSS. Among 
them, some tools [40,41] are designed for acquiring medical domain specific 
knowledge, and others [42,43] are designed specially for the acquisition of 
medical guidelines which can be used as the best and standardized clinical 
procedures. Some other guideline-based medical DSSs which are frequently 
mentioned in the literature such as GLIF [44], EON [45] and Arden Syntax are 
not listed in the table, as they are represented by Protege and UMLS-based 
knowledge acquisition tool. 

Table 5.3. Some medical knowledge acquisition tools comparisons [46]. 

Features 

Kn.qwl~se Established Abifftfes of Representation Supported by a Need a guidetfne 
cl(¢q(lfsftiQn ck>matn i\an.dlins .scMrn~s spe<;tftc executi.on 
tcrC>.tJ c>htotogy un«;e.Uinties kll()Wleq,e enSine/infe~nce 

r~res$ntatfon ensfne 
' · .. ·tanBJ)age 

•. use.· 
atj~ntatkln. Structured 
mechanism to (ObjEict- Yes (PROforma 

PROforma N/A make oriented Yes enactment 
diasnostic and repreSentation: engine) 
therapeutic Plans) and rules 
det}$1005 
~a threshold StructUred 
vattie to (Object-

Gl.AAE Yes compare the oriented Yes Yes 
dta.ifi!)sis' representation: 
scar¢ .. Acdt?ns} 

Protege Yes Not mentioned Stn..ictored Yes Yes (Frames) 
Use 'time 
annotations' to 
represent Structured 

AsbruView N/A uncertainty in (Time~Oriented, Yes Yes starting tirne, Skeletal Plans) ending time, 
and duration of 
a ptan 

UMLS·based logic and rules knowledge 
acquisition Yes Not mentioned (Medical logic Not mentioned Yes 
tool Modules (MlMs)) 

. . 

CMDS: object- Use certainty 
oriented factor or belief 
l<rlowlet:fge Yes degree to Rules Not mentioned Yes 
acqUiSition model 
editor uncertainty 

Uncertainty handling is one of the major challenges for most knowledge 
acquisition tools and hence the following review is mainly focused on the 
comparison of the 'abilities of handling uncertainties' [46]. 

130 



PROforma [47] is a guideline acquisition tool that contains expressive constructs 
for describing uncertain aspects of a guideline [48]. Its ability to make decision 
under uncertainty is provided by means of argumentation mechanism. In this 
kind of argumentation mechanism, diagnostic and therapeutic decisions are 
defined in terms of a set of options, and the decisions are made by using 
argument rules and commitment rules. Argument rules can support or oppose a 
decision option, and eventually establish a preference order on the options. 
Commitment rules are used for the selection of a decision option based on the 
preference order that argument rules have established. However, if a decision 
can be made without uncertainty, then those argument rules can be ignored and 
the decision can be made solely by using the commitment rules [47]. 

GLARE [49] has restricted capability in handling uncertainties in diagnostic 
decisions. In GLARE, diagnostic decisions are represented as a set of triples: 
<diagnosis, parameter, score> (where, in turn, a parameter is a triple of <data, 

attribute, value>), a threshold value is used to compare each diagnosis' score, 
and all alternative diagnoses are shown to the user - a physician, together with 
their scores and the threshold value. GLARE lets the user to choose diagnostic 
decisions among those alternatives that the system provides in a list. A warning 
is given if the user chooses a diagnosis whose score does not exceed the 
threshold value. 

AsbruView [50] can handle uncertainty in temporal scopes by 'time annotations' 
which is used to specify the temporal aspects of its structured representation 
format: time-oriented, skeletal plans,, A time annotation specifies different 
points in time and duration in relation to a reference point in time, such as the 
earliest starting shift (ESS), the latest starting shift (LSS), the earliest finishing 
shift (EFS}, the latest finishing shift (LFS), the minimal duration (MinDu) and the 

maximal duration (MaxDu). These data specify the temporal constraints within 
which an action must be taken or a condition must be satisfied in order to 

trigger an action. The time annotation allows a representation of uncertainty in 
starting time, ending time, and duration of a plan. 

The UMLS-based knowledge acquisition tool does not take uncertainties into 
consideration during its design and development processes. The CMDS: object 
oriented knowledge acquisition editor has a better function of handling 

uncertainty, because it associates with each rule a certainty factor that 

represents how true the rule is. The certainty factor ranges from -1 to 1, where 

-1 means the rule is known to be false, 0 means no information is known, and 1 
means the rule is known to be true. For example, after the user defines a rule 

called 'Rule1 ': 'IF the symptom pattern is S, THEN the disease is D', the system 
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would pop out a dialogue box asking the user to input rule settings about 
'Rule1 ', and the settings include the certainty factor of the rule. Protege deals 
little with uncertainty. 

Except for PROforma and AsbruView, those medical domain specific knowledge 
or clinical guideline acquisition tools listed in Table 5.3 have a common 
characteristic: the established domain ontology, such as a set of ready-made 
and configurable templates. 
Although the ontology provides guided assistance for expert physicians to 
express their medical knowledge into a computer-interpretable format, it may 
also restrict some of their knowledge from being extracted. This is because in 
reality medical DSS developers may only have limited medical knowledge in a 
chosen domain and the developed ontology may not be able to cover all the 
formats required to express the domain knowledge. 

5.9. Expert systems development and 0-0 technology 

Although there is the lack of standard definition of what is the 0-0 approach, 
but however, the properties like encapsulation, inheritance, polymorphism are 
considered useful for 0-0 approach. 0-0 is now being exploited for analysis and 
design, and people are sharing their experiences. 

The ideas behind object oriented programming (OOP) and object oriented 
technology (OOT) date back to the forties [51]. These ideas, however, were not 
put into practice until the introduction of the Simula_67 programming language 
[52]. Simula, a superset of Algol, was designed for describing a wide class of 
discrete event simulations and implementing them for simulations. Simula 
objects represent data and an operation on the data. These objects 
communicate with each other through messages to determine their next action. 
Although primitive by today's standards, Simula provided the first insight into 
the value of OOP. 

One of the most important events during the eighties that spurred the interest 
in AI was the marketing of expert system development shells. Most of the early 
shells were rule-based. However, given the appeal of object-oriented systems, 
as demonstrated by Smalltalk's success, the demand pushed vendors to offer 
tools with object-oriented techniques. These tools, commonly called frame
based development programs (but sometimes called hybrid tools), usually 
combine object-oriented techniques with rule-based programming. New 
procedural languages with object-oriented techniques also surfaced, such as 
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Objective C, C++, Pascal Object, Modula-2 and Lisp extensions such as Scoops, 
Flavors, Loops and the Common Lisp Object System (CLOS). 

A review of systems developed during the later eighties and early nineties 
clearly shows a swing toward object-oriented techniques [53]. This trend was 
due partly to the availability of relatively inexpensive frame-based shells that 
ran on a variety of platforms. Two of the earliest frame-based shells, the 
knowledge engineering environment from lntelliCorp and the automated 
reasoning tool from inference, offered AI researchers powerful tools, but were 
costly and ran on mainframes or workstations, preventing their widespread use. 
In the mid-eighties, vendors began marketing cheaper object tools, many of 
which ran on a PC. This situation led to the accelerated development of frame
based expert systems. Most important, it opened the door at most universities 
for teaching object-oriented technology (OOT) techniques to the next 
generation of AI researchers. Most corporations - including many in the Fortune 
500 - are focusing on client-server and object-oriented problems. These 
organizations have come to recognize AI in general and OOT in specific, as a 
standard way of doing business. 

The vendors found that although terms such as 'AI' and 'expert systems' might 
have fallen out of favour in some circles, their clients' still wanted the object
oriented capability of their products. Companies are using AI but not promoting 
it, and vendors marketing products with AI capabilities but not advertising it. 
The irony - even if the spotlight is no longer on AI, AI 's contributions will 
continue to positively affect future information processing, only under other 
labels [54]. 

5.1 0. Analysing KR schemes 

Flexibility is the major advantage of semantic networks. This flexibility also 
exists in object-oriented (0-0) knowledge representations where, by storing 
the names of their objects as the attributes of an instance object, relations 

between instance objects can be established dynamically. The object-oriented 
(0-0) construct can be viewed as dynamic semantic network. The is-a links of 
semantic networks can be implemented in object-oriented (0-0) 

representations by relationships between classes and sub-classes or between 
classes and instances. Has-a links can be implemented by the relationships 

between classes and attributes. Therefore, object-oriented knowledge 
representation has the same power as a semantic network but is much more 
structured. 
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Semantic networks, rules, and OAV representations are not structured enough. A 
significant increase in the number of objects or rules makes the system difficult 
to manage. When the value of an object or an attribute is modified, it is 
difficult to pinpoint the effects on the whole system. The encapsulation 
property and structuredness of object-oriented (0-0) knowledge representations 
give them a distinct edge over these three representations. 

Frames are more structured than semantic networks, rules, and OAV 
representations, since related attributes and rules can be grouped into frames 
hierarchically. However, modularity of knowledge represented in frames cannot 
be clearly defined, and frame representation lacks flexibility. In object-oriented 
(0-0) knowledge representation, which is quite similar to frames, knowledge 

can be arranged in a hierarchical form using classes. 

In the context of the present problem domain, we now analyse the relative 
suitability of different KR schemes. When the domain knowledge is vast and 
varied, the knowledge can become unmanageable. To handle a large knowledge 
base it is suggested [55] that the structuredness and modularity is necessary 
where knowledge is varied. A common disadvantage in Semantic Networks, 
Rules and OAV representations is that they are not structured enough [16]. It is 
very difficult to manage a system with these representations when the 

number of objects and rules increases significantly. According to some 

researchers [56], some applications such as engineering processes, 
manufacturing and communications are expected to contain 100,000 rules or 

more. It is then very difficult to pinpoint the effects on the whole system if a 
value of an object or an attribute is modified. 

The properties like encapsulation and inheritance of 0-0 approach are really 

attractive for large, integrated information systems. The encapsulation property 
prevents object manipulation except by defined operations. Inheritance is a 

valuable mechanism which enhances reusability and maintainability of software. 

Because 0-0 approach minimizes object interdependency [57] the knowledge 
can be structured. 

A common disadvantage in OAV triplets and rules is that there may be some 
redundancy in information which may lead to some inconsistency. There is no 
such redundancy problem with Semantic Networks, frames and 0-0 forms. 

Moreover, 0-0 approach to KR supports high level of knowledge abstraction, an 
important advantage over other classical approaches. 

134 



After the analysis, we prefer 0-0 representation to improve consistency, 

understandability, maintainability and modifiability of knowledge base. Last, 

but not least, in the evolution of an expert system [22], prototyping may have 

an adverse impact on modifiability and maintainability of knowledge bases since 

these may be patched and modified several times. This may, however, be 

overcome by the use of 0-0 approach. As the system grows, the major changes 

will be with the addition of new objects or deletion of old objects rather than 

modifying the old objects. In this respect 0-0 approach is considered very useful 

for rapid prototyping, an added advantage. 

5.11. Some ES and ES development tools using different KR-schemes 

Some expert systems and ES-developmental tools [22, 55, 56, & 58] with the 

kind of knowledge representation scheme(s) and control for knowledge based 

scanning are shown in table 5.4. 

Table 5.4. Some ES/ES-tools using different KR-schemes. 

ES/ES-tools Representation Control 

ADVISORJI Rule-based Backward chaining 

AI/RHEM Rule• based Forward chaining 

ARBY Rule-based Backward chaining 

ART Rule-based, Frame-based Forward and biickward chaining 

BABY Rule-based Forward chaining 

CI;.QT Rule-based Backward chainiflg 

COD~S R1.de·based BacX.Ward chaining 

DELTA Rule-based Forward, backward chaining 

DlPMETER ADVISOR Rule~ based Forward chaining 

l>~CAs 
';'· ':> 

Rute~based Forward chaining 

Dud< Logk~based, Rule-based Forward, backward chaining 

EMYCJN Rule· based Restrictive bii<;kward chaining 

~E Ru.le-based Backward chaining 

EXPERT Rule-based .. Forward chaining 

mts R~l~~ba$ed Backward chaining 

R»ltffi ···fratnt·based Pl:lckwatd and:torward chamiost •• ... ··atit~-ba$ed Forward>chain1Qg .·. 

··~UlWCRKS Rut~* Frames Obje(:tS Control over direction 

Gl.lleJ Rute~.based Backward chaining, Limited 
'•·. forward chaining 

GUSS/1 Rute.,based Backward and forward chaining 

IMACS Rule-based Forward chaining 

KES Rule-based, Frame-based Backward chaining 

135 



KES II Rule-based, classes Backward chaining, Limited 
forward chaining 

L~ONARDO Rules, Frames, Procedures Backward and forward chaining 

LEVELS (OBJECT) Large-hybrid-object-oriented, Forward and backward chaining 

Rule-based 

LISP Procedure-oriented, functional, Forward, backward chaining 
symbolic expressions 

M.1 Rute·based Backward chaining 

MEDICO Rule-based Forward chaining 

MES Rule-based Forward chaining 
M{ Rule-based Forward chaining 

MUD Rule-based Forward chaining 

MYCIN. Rute~pased Backward chaining 

NEtliW: Rule·ba$ed. " Forward, backward cllaini~ 

F Rule-based Forward, backward chainini_ 

IN R~le-based Forward, backward chaining 

. Rule~ based Forward chaining 

PDS ~ule·ba~ed Fo.rward chaining 

PfanVcd Rule~ based Backward chaining 

PROJCON Rute•ba,S~d Backward chaining 

PROLOG LQgic~based Backward chaining 

PTRANS Rule·ba.sed For:ward chaining 

PUFF Rule-based Backward chaining 

RITA Rule-based Forward, backward chaini~ 

S.1 Rule-based, Frame-based Backward chaining 

SAL Rule-based Forward chaining 

SAVOIR Rule· based Backward and forward chaining 

Sf'E Rule·.based Forward chaining 

··I Rule-based Forward chaining 

.. lr!l 
Rule·b~d Fo.r:ward and backward chaining 

Ru~e·based Forward chaining 

T'~q"R · Rute-ba5ed Forward chaining 

TJOO\PVlSOR ;Rt;lte;,.based Backward chaJnfng 

Tl'l¥!010 MQQEL Rule.~ based Forward chaining 

~ Frame-based Backward artd. forward chaining 

XCQ!,i >~lJle.:basecf Forward chaining 
':'>'::'::: 

XIPLUS Rules, Induction Control over direction 

XStL Rtlte~based Forward chaining 

YESiMVS Rule-based Forward chaining 
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5.12. Object-oriented knowledge structure for Management of Child Fever 

This work emphasizes the usefulness of 0-0 knowledge structure to improve 
consistency, understandability, maintainability, and modifiability of knowledge 
base. As an implementation tool, we have chosen object-oriented tool- LevelS 
Object. One can find the knowledge structure of 'Child Fever Management 
(CFM)', incorporated in the application 'a Web Accessible Knowledge-based 
Advisory System for Peadiatric Fever Management at home' in chapter 9. 

5.13. Discussions 

In this chapter, we have considered the vital issues of knowledge engineering. 
Here we have tried exploring the difficulties associated with knowledge 
acquisition. Potential sources used in this research have been pointed out. We 
have tried also to analyse the relative suitability of different KR schemes from 
the viewpoint of an expert system designer for the medical management 
domain. Our analysis finds object-oriented approach more suitable for the 
problem domain. 

From the above analysis and consequent results it might be apparent that the 
object-oriented paradigm is a panacea for all the woes of knowledge 
engineering/abstraction/representation, but however, the paradigm does have 

some drawbacks [59]· 

• Firstly, 0-0 approach has a Long learning curve, The classical developers 
have to devote several months before they are skilled enough to start a 
project using 0-0 approach. 

• As a relatively new technology, there might be unavailability of robust and 
reliable tools such as AHanguages or a shelL However, at present, there are 

some ES-shells using 0·0 technology {e.g. LevelS Object) are available in the 
market. 

• The third problem may come from the very nature of abstraction. The 

reliability of the abstraction layer(s) should be sufficiently high so that there 
should not be any bug with these layer(s). These bugs are rarely trapped by 

the application layer due to the shielding property of abstraction. A careful 
design is, obviously, required to overcome this problem. 
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But, however, there is no doubt that 0-0 technology should certainly be needful 
in : (i) designing a complex system; (ii) developing a complex system; (iii) in 
maintaining the system; and (iv) in modifying the knowledge base of a system. 
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I CHAPTER 6 

Selection of an appropriate tool for ES development 

6.1. Introduction 

Development of expert system applications is experimental, expensive and 
difficult. A number of factors are to be considered for the successful 
development of an expert system. Selection of an appropriate expert system 
problem domain, knowledge acquisition and formal representation, system 

construction, validation and testing are typically important. The degree of 
complexity of the above tasks are fairly high. Moreover it is fairly easy to 
mismanage the situations in different steps. Different expert system tools have 

been developed to improve the situation. These tools provide the basic 
components needed to construct an expert system. Because the choice of a 
development tool can determine the success of the resulting expert system 
application, the characteristics of these tools and of the target problem must be 

clearly understood before a selection is made. More specifically, these tools are 
used to reduce the burden on a developer and in a more cost-effective way. 
Such tools enable developers to implement expert system applications by 
entering knowledge specific to the particular problem they are attempting to 
solve. Although, there are tools to assist in different phases of such 

development, we are confined here to the matter of selection of tools during 
actual system construction process after the selection of a problem domain, and 
the knowledge acquisition and representation methods. So the major 
advantages that arise from using a tool can be summarized as follows [1]. 

a) Use of tool can improve the overall quality and reliability of the resulting 
expert system. 

b) Tolls relieve the expert system builder from having to deal with low level 
programming. 

c) Tolls allow the expert system builder to focus on the modeling of the 
expert system domain. 

d) Tools offer facilities for the acquisition and modification of the expert 
system's knowledge. 

A large number of expert system building tools have been introduced since late 

1970s. These tools range from high level programming language to intelligent 



editors to complete shell environment systems. A number of 
commercial/freeware products are now available (table 6.1 ), some are capable 
of running on medium size PCs while other require large systems such as LISP 

machines, minis, or even main frames. 

Table 6. 1. Expert systems tools [2]. 
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Doctus KBS 

EXSYS 
Professional 

EXSYS 
RuleBook 

Platforms: WindowsJ3.1, 95, NT), OS/2, UNIX (AIX, HP-UX, Solaris). 

Description: Knowledge-Based Expert System Shell ·ooctus· uses deduction 
also called Rule-Based Reasoning and induction, which is the symbolic 
version of Case-Based Reasoning, enhanced with reduction. The Knowledge 
Import component of the system is designed to retrieve both soft and hard 
information from external sources, whfch makes it appropriate for data 
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Platforms: Windows, Macintosh. 

EXSYS Linkable Description: Allows customization of EXSYS programs, addition of up to 100 
Object user-defined C functions, embed neural networks, and add ODE links to 
Modules other programs. 

KEE 
(Knowledge 
~ogineertng 
Enyir()l'iment) 

M.4 

N~xpert 
oo]~t 

OPS83 

XpertRule 

Platforms: DOS, Windows, Macintosh. 

Description: KEE supports il variety of knowledge representation schemes 
including object·onented frame .. language. The inference engine support~ 
both • fotward an~ backward chaining. Jt .allows for linking to several data 
bil~· ... lts.iJ:ttera~tiV~: sra!l~~s .. i[lterface .fs one of the most sophisticated 
ava1tabte among~~Peft,sy$tem toots.· 
.Pta.tforms: PC, VAX., St.,tn. . 
DescriptiOn: An exp:ert system development tool that includes support for 
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In the next section, we discuss some issues in selecting a tool for 
implementation during an expert system development. The capabilities of ES
building tools are discussed in section 6.3. In section 6.4, we have analysed the 
features and capabilities of an object-oriented hybrid ES tool Level5 Object, at 
our disposal. Section 6. 5 contains the requirements vs. the capabilities of the 
selected tool. Lastly, we provide some discussion. 

6.2. Points to contemplate 

This section presents some potential inconveniences faced by an expert 
system designer and discusses the classification of tools. 

6.2.1. General purpose tool not available 

There would have been no much headache of such selection if we have been 
provided a general purpose tool for our use. Unfortunately, there is no such 
general purpose tool simply because human beings commonly utilise a 
knowledge based approach rather than a general purpose approach for problem 

solving [3]. As a result, a range of tools are provided applicable in a wide variety 
of domains. One has to select his/her suitable tool for his/her domain. 

6.2.2. Single or multiple tools? 

Due to the evolutionary nature of an expert system development, one may find 
it worthwhile to use one tool for prototype system and the other for target 

system. Obviously, this adds one confusion - which type(s) of tools would be 

suitable for prototype development and which would be suitable for target 

system development. It is rather difficult to offer sound guidelines here. Two 
typical approaches may be useful: (i) solving the chicken-egg problem [4], and 
(ii) use one of the large, hybrid object-oriented toolkits [5] throughout the total 
developmental phases. In the first approach, it is assumed that few expert 
systems development efforts are well formulated in advance. The problem 
domain is complex, domain knowledge and expertise are ambiguous and the 

nature of the problem is such that complete unfolding is only possible after 

considerable exploration and experimentation. This is where one has to address 

the chicken-egg problem. One can choose an appropriate tool only after 

understanding the total requirements the problem domain lays on an expert 

system; but this may only be possible after experimentation on building a 
prototype which requires choosing a tool. This is where two types of tools may 
be considered useful. During demonstration/research prototypes, one should use 
a tool having fast prototyping property e.g. Prolog [6]. 

146 



The second approach assumes that selection of such appropriate 
implementation tool should only be done after complete requirement analysis of 
the problem domain lays on an expert system. In most of the situations this may 
prevail. Even though the total requirement analysis is not complete, it might be 
advantageous to use a comprehensive tool assuming that the simpler rule-based 
production systems do not qualify; model-based reasoning would be more 
appropriate. Potential difficulties in using multiple tools (discussed below) can 
be reduced here substantially. The objectives of demonstration/research 
prototypes can be fulfilled using the simple structures of the tool. More 
complex structures of the tool can be used for production system. 

Use of multiple tools may lead to the following problems: (i) Financial 
investment; may not be practical in many cases, (ii) Man-years investment; 
before using any such tool, one has to be conversant with the intricacies of 
the tool. Moreover, once domain experts and knowledge engineers have been 
trained on a particular system, it is not simply feasible to be retrained on 
another potentially suitable system; (iii) Interfacing problem; usually the 
architectural design and functionality of each tool is different, one has to 

interface such two or more tools. This would require an extra degree of 

expertise involving a fair amount of man-years. The original objectives of 
using tools e.g. less time, less effort are thereby get challenged. 

As a worst case, no such existing higher level tools might be adequate to satisfy 
the requirements of the problem domain. This is where one has to design his I 

her own architecture. Here, one has to fix up his I her mind whether the goal of 
the system development is to develop a system for actual use or to make major 
advances in the state-of-the-art of expert system technology. As observed by 

Prerau [7], it is not wise to attempt to achieve both of these goals 
simultaneously simply because it is really a formidable task. So, a system 
development for actual use may demand pruning of certain characteristics of 

the problem domain within the confines of current expert system technology. 

6.2.3. In search of a bird after constructing a cage 

Currently, a good number of higher level tools are available (e.g. shells or 
toolkits). Now one can observe an interesting phenomenon [8]. In most cases, 

peoples are in search of birds after the construction of a cage. That is, the 

members of a project team are forced to in search of a problem domain which 

suits the solution techniques of the tool already chosen. This approach, 

obviously, restricts the natural flow of selection of a problem domain of our 

society. Therefore, the reverse approach, i.e. selecting an expert system 
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problem domain and then go for selecting an appropriate tool for 

implementation, is much more natural. 

6. 2.4. Exaggerated claims from vendors/agents 

Vendor literature, demonstrations and reference manuals are subject to 
exaggerated claims [9]. It is rather very difficult for the end users to distinguish 
between facts and hyperbole. It may not always be possible to go through the 
detailed experimental verification of these claims before the actual 
procurement. Even, sometimes, agents do suppress the potential demerits of 
the tools for selling his/her product. 

6.2.5. Non-standard terminologies 

For a better comparison of tools, standard terminologies with their standard 
definitions and actions are really useful and thereby ease the process of 
selection of such tools. But, unfortunately, some tools do not agree in 
terminologies. For example, in KEE, frames are called units, properties of units 
are called slots, and properties of slots are called facets. But, in 51, frames are 

called classes, properties of classes are called attributes, and properties of 
attributes are called slots. Similarly, the term rule used in ROSIE, ART and RULE 
MASTER are different in performing actions. So, the terminologies with non
standard definitions and actions add an extra degree of difficulty, the 
prospective users face when selecting tools. 

6.2.6. Miscellaneous issues: Price, training and documentation support 

'High price, good quality - more facility' is, however, considered as an indicator 
of a product. But, from functionality and performance point of view, price is not 
necessarily an indicator of suitability. A tool costing less may be more suitable 
at per the requirements of the problem domain at hand than a high cost tool. 

For the ease of use and for the quick exploitation of the potential features of 
the tool, a comprehensive training should be considered mandatory. 

6.2.7. Language, shell or toolkit 

An appropriate tool selection should also be guided by the relative merits and 
demerits of these three classes of tools. In general terms, the shells provide the 
upper level of a stratum of tools, the lower level is being provided by the 

languages and the middle level is being provided by the toolkits. 
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Languages are applicable quite generally and virtually any type of expert system 
can be designed. Expert system can be constructed with one of many 
programming languages ranging from AI languages to standard procedural 

languages. 

The symbolic manipulation languages provide an efficient way to present Al
type objects. The two major languages are LISP and PROLOG. With these 
languages, the programming and debugging procedures can frequently be done 
much faster. 

LISP is one of the oldest general purpose languages. It is oriented towards 
symbolic computation and can conveniently manipulate symbols and their 
relationships. PROLOG is another popular AI language. Its basic idea is to express 
statements of logic as statements in programming language. This logic itself 
could be used directly as a programming language. PROLOG is based on subset 
of first order logic (predicate calculus), so one of the techniques of knowledge 
representation is first-order logic. 

The components of ES like knowledge acquisition subsystem, inference engine, 
explanation facility interface subsystem and knowledge base management 
facility when aggregated, is called an ES shell. The knowledge base is the 
content of the shell. There is no need to program the subsystems of the shell for 
every application, aU one has to do is msert the necessary knowledge By using 
the sheU approach, expert systems can be built much faster Shells do have 
timitations and disadvantages. Shells are inflexible and it may be difficult to fit 
them to non-standard problems and tasks [1 0]. 

ES development systems and other building aids that support several different 
ways of representing knowledge and handling interfaces are frequently referred 
to as knowledge engineering tools or toolkits. They may use frames, object
oriented programming, semantic nets, rules and meta-rules, different types of 
chaining, monotonic reasoning, inheritance techniques and more. The toolkits 
are normally hybrid systems that permit a programming environment to build 
complex specific systems. Toolkits are more specialized than languages. They 

can increase the productivity of system builders. Although toolkits require more 
programming skills than shells, they are more flexible. Working with toolkits 
makes ES more economically justifiable, especially when they are being 
developed on personal computers [1 0]. 
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The metrics like applicability, abstraction, facilities and costs of hardware, 
software and training may be considered useful in the comparison process [3] as 
discussed below. 

• Applicability 

Languages are applicable quite generally and virtually any type of expert system 
can be designed. On the other hand, shells are rather specific in this context. 
The good matching of the requirements the domain lays on an expert system 
and the facilities the shell offers is the key to success of the development of an 
expert system. The toolkits should have the generality of the language approach 
but also contain specific representations and control strategies. 

• Abstraction 

The level of abstraction is low in the language approach and medium in the shell 
approach. On the other hand, toolkits provide a rich set of abstraction. 

• Facilities 

In the toolkit, the facilities are most rich. Shells offer medium facilities. In a 
language approach, we get limited facilities but, however, any facility missing 

in a language may provided by programming. 

• Costs 

(i) Hardware 

In the case of languages and shells, the costs of hardware are generally quite 
low compared to toolkits. This is simply because toolkits often demand 
specialised hardware whereas languages and shells run on PC or on workstations. 
Although, recent versions of some toolkits run on PC but the memory I backup 

size is reasonably high. 

(ii) Software 

The costs of languages and shells are more or less same. But, toolkits are 
normally more costly than other two. 

(iii) Training 

In general, the shells require a fairly less efforts and short time for learning. 
But, however, languages require more extensive efforts and training period. 
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The toolkit approach appears to be superior to other two approaches on the 
consideration of applicability, abstraction and facilities offered. But, however, 
it appears to be inferior to language and shell approaches on the consideration 
of costs of hardware, software and training. Moreover, although, a toolkit offers 
a good number of facilities, these may not fulfill all the requirements of the 
problem domain lays on an expert system. The programming facility, if any, of a 
toolkit is expected to fulfill such requirements. Once again, one has to be a 
master of a language like LISP or PROLOG which is provided by a toolkit. 

At present there are a large number of toolkits available in the market. In such 
a situation, it may be pertinent to ask whether it is practically feasible or not 
for an end user to turn each and every one. This should not be an impossible 

task but this may lead to an unacceptable delay in achieving the ultimate 
objective of selecting such a tool. 

6.2.8. Left no stone unturned - Is it practically feasible? 

Bundy [11] provides a catalog of over 250 software products and AI techniques. 

Hopefully, this number should be over 1000 at the end of 2009. In such a 

situation, it may be pertinent to ask whether it is practically feasible or not for 
an end user to turn each and every stone. This should not be an impossible task 
but this may lead to an unacceptable delay in achieving the ultimate objective 
of selecting such a tool. Obviously, this demands a fast pruning mechanism. 

6. 2. 9. Potentially active research field 

It may not be possible to select the best one but a better one due to the 

evolutionary nature of this potentially active research field. One may find a 

better tool tomorrow satisfying more need of the problem domain. But, to 
develop a system for practical use one has to be confined to the present 
ES-technology where all the requirements may not be satisfied. 

6. 2. 1 0. Any unique framework? 

Because of the so many turbulent features just creating the instability in the 

selection process, the tool evaluation and selection can not entirely be 

mechanical. Here, human expertise and judgment will certainly play a 

significant role especially for the pruning process. But, obviously, this might 
lead to different solutions of the same problem which again demands a more 

formal mechanism. To what extent this formalisation would be achieved? 
Answering this question and suggesting a formal method are really formidable 
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tasks. It is, rather little bit easier to suggest a general framework for the 
problem. Rothenberg [4] suggests a framework with eight fold steps emphasising 
'matching a tool to its intended use' rather than simply 'matching a tool to a 
problem'. This framework might be worthwhile in many cases but it involves a 
larger number of criteria, may not lead to a manageable situation. 

6.3. ES building tools 

An expert system tool, or shell, is a software development environment 
containing the basic components of expert systems. Associated with a shell is a 
prescribed method for building applications by configuring and instantiating 
these components. Some of the generic components of a shell are shown in 
Figure 6.1 and described below. The core components of expert systems are the 

knowledge base and the reasoning engine. 

Figure 6. 1. Basic components of Expert System tools 

a) Knowledge base: A store of factual and heuristic knowledge. An ES tool 
provides one or more knowledge representation schemes for expressing 
knowledge about the application domain. Some tools use both frames 
(objects) and IF-THEN rules. In PROLOG the knowledge is represented as 

logical statements. 

b) Reasoning engine: Inference mechanisms for manipulating the symbolic 

information and knowledge in the knowledge base to form a line of 

reasoning in solving a problem. The inference mechanism can range from 

simple modus ponens backward chaining of IF-THEN rules to case-based 
reasoning. 

c) Knowledge acquisition subsystem: A subsystem to help experts build 

knowledge bases. Collecting knowledge needed to solve problems and 
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build the knowledge base continues to be the biggest bottleneck in 
building expert systems. 

d) Explanation subsystem: A subsystem that explains the system's actions. 

The explanation can range from how the final or intermediate solutions 
were arrived at to justifying the need for additional data. 

e) User interface: The means of communication with the user. The user 
interface is generally not a part of the ES technology, and was not given 
much attention in the past. However, it is now widely accepted that the 

user interface can make a critical difference in the perceived utility of a 
system regardless of the system's performance. 
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6.3.1. Tools' capabilities 

Capabilities of a tool demands more attention, rather than the specific features 
the tool provides for achieving or supporting those capabilities. Highlighting 
capabilities means highlighting the functionalities of a tool rather the specific 
implementation of functionality. Some representative potential capabilities and 
the corresponding supporting features are identified here as presented in table 
6.2 which includes the suggestions of Rothenberg [4]. 

Table 6.2. Capabilities of tools with supporting features. 

Capability Examples of Supporting Features 
Atitbmettc processing Arithmetic qpE'rators, e)(tended floating point 

-~i:'N 
.MS~thematit:~l, statl$tjPSl.l~ string, type conversion 
~~~~inty>(actors, •. ,f~logie 
.: .. · : .... ;· ·.·. 

t([)n<;1Jrrency Distrioutect processing, l*lraUel processing 
Consistency checking Knowt~g~ base syntax checking 
Data type handling Numeric, string, time, simple, compound 
Docum~mting development Ass~o~mption/rationale history, code/data annotation 
E~pt(;lnation ~~ution trace, !<r)owle~g~ base browsing 
Inference & control lt¢@tiol'), f()rward / l?act<ward coaining, inheritance 
r~t:e,)rati(m ·.· calff))g otn~r· tang~ag~; inter·process .calls 
Internal .acc:;ess Tool t:mrameter s~tti!:lS fupctions, source code 
Knowledge acquisition R1.Jle induction, model oufldiru~ aids 
Knqwtedge-base editing Structure ec;litors, graphic rule lattice 
Life Cyc~e Tool support for tarSet system life cycle support 
Menus ~98ls, Reasoning, t~s 
Meta· knowledge . . . . . . . . ' Rules conttoUjng inference, self ·organizing .data 

;'<'"" • -~·· ' ,.. • 
: ·"' .. :·.'···· 

Ol:>timiz~t~on · lht~lligentlook~atlead, c(l~hing, rule compilation 
Presentation (1/0) Text, graphics, Windows, forms, mouse, keyboard 
Representation Rules, frames, procedures, objects, simulation 

Let us now consider a large-hybrid-object-oriented toolkit - LevelS Object; a 
potential tool at our disposal. LevelS Object has certain good features and 
capabilities to be selected as an implementation toolkit for present problem 
domain. LevelS Object offers facilities for data abstraction, message sending, 
object classification, built·in user friendly graphic interfaces, rules and rule
groups, bi-directional chaining and many more. Non-monotonic reasoning or 
truth maintenance is also supported by LevelS Object. But however, it is fair to 
state that it has rudimentary capability of handling inexactness. The features 

and capabilities of LevelS Object are discussed in the next section. 
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6.4. LevelS Object 

6.4. 1. What is LevelS Object? 

Level5 Object is a software development tool kit from Information Builders, 
USA. It is the application development tool to combine client/server technology, 
object-oriented programming, graphical user interfaces, and knowledge based 

systems [12]. 

Level5 Object is a software development tool kit. Even if one has little 
programming experience, he I she can use it to create complex applications in 
an easy, consistent, and maintainable fashion. 

Level5 Object is an environment. It contains all the tools necessary to solve a 
very wide range of problems. The Level5 Object toolbox contains an integrated 

set of editors that help one rapidly create software solutions. From rapid 
prototypes to large, mission-critical applications, Level5 Object is a proven 
winner as demanded by its developer. 

Level5 Object is a development tool and a delivery vehicle. Once an application 
has been created using the Development System, it can be delivered to end
users with the Run-Only System. The Run-Only System provides a variety of 
delivery choices emphasizing smaller, faster systems. These systems can be 
encrypted to provide enhanced security. 

Level5 Object uses a high-level language called PRL. PRL is designed to be 
simple to learn and read, and is similar to natural English. Although we rarely 

see it because of the interactive editors, it is there to provide maximum 
flexibility and accuracy when we develop an application. All of the elements of 
the software we wish to create can be expressed in the PRL language. The text 
of the application can be sent to other hardware platforms and operating 
systems, compiled, and executed. We can therefore create our software 
solutions where it is most convenient and inexpensively deliver them to other 
hardware platforms. 

Level5 Object is well-connected. It contains built-in access to over 60 local and 

remote data-bases and servers, access to all the common local database formats 

and SQL servers, interfaces to external programs, communication paradigms, 
text files, timers, and custom interfacing options. 
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Level5 Object is an expert system. One can use it to create 'smart' systems. It 
can solve real world problems. Using simple rules that can reason or pattern 
matching triggers that can react to situations, Level5 Object can provide 
consistent, educated answers to the people who need it. 

Level5 Object contains the following integrated array of powerful tools: 

• True objects providing the efficiency of object-oriented programming. 

• Graphical User Interface (GUI) development editors, forms and display 

builders, and control over all aspects of the user interface. 

• Complex logic capabilities, business rules, triggers, agendas, procedural and 
non-procedural modules. 

• Robust and seamless database access, SQL, object-oriented databases, and 
client I server architectures. 

• Complete set of integrated debugging tools, stepping, breakpoints, traces, 
and reasoning. 

• 100% portability to other hardware and operating system platforms. 

• Compiled execution for efficient application speed and size. 

6.4.2. What kinds of problems are best solved with LevelS Object? 

Level5 Object has consistently shown itself to be an effective tool for solving 

certain classes of application problems. Here is a short list of the kinds of 

problems one can solve with Level5 Object. However, because it is a general 

purpose tool with a broad range of capabilities, one may not be limited to this 
list. 

• Scheduling 

• Resource and constraint management 
• Regulation compliance and conformance 
• Diagnostics 
• Client/Server 
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6.4. 3. Capabilities of LevelS Object 

Let us now have a look on the capabilities of LevelS Object as follows: 

• Arithmetic processing 
• Built-in-functions 
• Certainty handling 
• Consistency checking 
• Data type handling 
• Documenting development 
• Explanation 
• Inference and control 
• Integration 
• Internal access 
• Knowledge acquisition 
• Knowledge base editing 

• Life cycle 
• Menus 
• Meta-knowledge 

• Optimization 
• Presentation (1/0) 
• Representation 

6. 5. Requirements vs. capabilities 

Knowledge bases can be exported to a text file using PRL syntax in LevelS 
Object. PRL (Production Rule Language) is LevelS Object's application 

development language. One can see the underlying PRL structure of his I her 
application when one exports it to a text file. One can edit this file and also 
send it to LevelS Object running on other hardware platforms and operating 
systems. This process lets one create applications where it is most 
convenient and deliver them to the platforms one wants. But, however, 
when export of an application to be transported to character-based platforms, 

such as VAX I VMS or MVS, some elements will import, but will have no effect 

when the application is run. For example, picture-boxes do not appear in 
character-based displays. So, with the PRL structure one can achieve the 
portability. 
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From the PRL source text, one can have the facility of quick and easy 
modification of existing knowledge base. So, the proper patching work is not 
difficult here. With the different editors one can easily add or delete an object, 
its attributes, methods and the consistency checking is monitored by the LevelS 
Object itself. 

Probably, one of the limitations of current tools is in their handling of 
inexactness of information. LevelS Object manages only one form of inexactness 
i.e. uncertainty, in the form of certainty factors (-2 .. 100). MYCIN style of 
approach has been used here. However, it is not capable of handling other 
forms of inexactness as identified for our problem domain e.g. fuzzy 
information, simultaneous occurrence of uncertainty and fuzziness, and 
uncertain-fuzzy. But, however, implementing NMR may be more or less easy, 
although, it is very difficult to pinpoint the objects I attributes I rules I 

methods I demons affecting the absurd conclusion. But, once, they are 
identified it is easy to upgrade the information in knowledge base using 
different convenient editors. 

LevelS Object provides a complete access to the inferential reasoning 

process while running a knowledge base. Its analytical reasoning facilities, 

such as season monitor, historical traces, single-stepping and breakpoint 
enable developers (and when necessary, end users) to view all the current 

status of the inference engine; examine and change the state of any facts in 
a knowledge base; review the answers provided to LevelS Object queries; and 
follow the line of reasoning being pursued. By activating a debug window while 
running an application, developers can observe and trace the reasoning process. 
In single-step mode, LevelS Object pauses after each event the inference engine 
processes, allowing the developer to view the action before resuming the 
session. So, a comprehensive explanation facility is being provided by LevelS 
Object. 

Although LevelS Object manages objects and attributes from editor's panel 
which essentially freeze the knowledge base before running an application, 

but, however, it can manage instances of an object dynamically i.e. during 
running an application using MAKE and FORGET commands. The system can 

learn the situations of using MAKE and FORGET for the defined rules I methods I 
demons. The repetitive questionnaire of same kind during interrogation with 

a child and/ or with parents I guardians can be avoided by suitably navigating 
the question-answer sequence. One can save recommendations of a typical 

session using an external database {typically dBASE Ill+). The required 
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structuredness and modularity are being assured by the object-oriented design 
strategy of Level5 Object. 

Level5 Object supports the development of large applications through the use of 
knowledge-based subroutines that allow knowledge to be grouped modularly or 
chained to knowledge bases. Besides being easier to maintain, subroutines 
enable a host knowledge base to resume processing where it left off. Developers 
can navigate between modules and even redefine views of the knowledge 
domains. 

6.6. Discussions 

In this chapter we have tried to analyse the potential inconveniences we faced 
during the selection of the tool for the present work. We found Level5 Object: 
a suitable expert system development tool for the development of the present 

decision support systems presented in this work. It is important to consider 
capabilities of a tool in addition to the features of a tool highlighted by the 
vendor(s). However, in addition to Level5 Object, we have used web-enabled 
tools for the development of web-accessible systems in the present thesis. 
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I CHAPTER 7 

Uncertainty Management in Peadiatric Problems t 

7. 1. Introduction 

In certain circumstances, either we have no knowledge about an object or we 
have some incomplete, vague and imprecise knowledge about an object [1-3]. A 
system to aid in human decision making needs to take into account the inexact 
nature of information expecting to lead to rational decisions. For a medical 
domain, different forms of inexactness may come to the floor. The clinical 
expression of an illness involves the multi-dimension interactions of the 
abnormalities of various self-regulated physiological mechanisms with the 
patient's environment. This is further influenced by the patients and physicians' 
variability in expression and understanding of the problem. Uncertainty remains 
prevalent throughout the practice of medicine, and causes anxiety in patients 
and physicians [4]. Variation in physicians' practice styles and organization 

characteristics (sites of medical care) has been linked to uncertainty [5]. 
Numerous patient and physician factors could affect the clinical decisions and 
result in medical uncertainty. Lacking any unique theory to manage all the 

forms as a whole, different approach have been proposed with their own zone 
of applicability .. 

In section 7.2, the sources and nature of inexactness have been discussed the 

medical domain. Section 7.3 deals with the tools for managing those 

inexactness in information. Some common approaches of dealing with 

inexactness in expert systems have been discussed in brief. In section 7.4, a 
suitability analysis has been provided in context to the present problem domain. 
In the last section, our discussions have been provided. 

t This is based on the publication [Uncertainty in Pediatric Care Management, 

Proceedings of the National Conference on Medical Informatics, pp. 92-97, 
Vijayawada, India, 24-25 November, 2000] of the author. 



7. 2. Sources and nature of inexact Information 

Understanding logical and physical sources of inexactness is necessary. In table 
7.1, the possible physical sources and their nature and explanation have been 
presented. From the table 7.1, one can observe that there are not just one or 
two sources of inexactness, but seven major areas, which between them break 
down into almost, twenty sub-areas. It also indicates the varied nature of 
inexactness. Combining all these possible physical sources, one can identify the 
following possible logical sources of inexactness of information: 

• Lack of adequate data, 
• Inconsistency of data, 
• Inherent human fuzzy concepts, 
• Matching of similar rather that identical situations, 
• Differing (expert) opinions, 
• Ignorance, 
• Imprecision in measurements, 
• Lack of available theory to describe a particular situation. 

In our system, five types of inexactness have been classified as follows: 

• Uncertain information 
• Fuzzy information 

• Simultaneous occurrence of uncertainty and fuzziness 
• Uncertain-fuzzy 
• Non-monotonic nature 
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Table 7 .1. Sources and nature of inexactness. 
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At the starting of a typical consultation session, a doctor has to interrogate the 
child, where possible, or the parents I guardians of the child on different 
issues. She I he may examine the child with his I her medical I clinical view 
and so on. She I he may face the above forms of inexactness of information 
which may be the result of the combined conspiracy of the above discussed 
sources and other unidentified sources. Here, proper management of inexact 
information is necessary which plays a pivotal role in rational decision making. 

7.3. Tools for managing Inexact Information 

A number of methods have been proposed to deal with different aspects of 
inexact information management with their varying degrees of success. In 
essence [6], they can take one of the seven forms such as non-numerical 
techniques, categorical techniques, probabilistic modelling, ad-hoc techniques, 
Bayesian inference, fuzzy logic, and Dempster-Shafer theory of evidence. 

The common approaches in dealing with inexactness in expert systems are: 

Bayesian probability approach, DS-theory of evidence, Stanford CF-calculus, and 
Fuzzy set theoretic approach. In addition, inexact reasoning has itself non

monotonic aspect. It may be noted here that none of the methods except CF
calculus has been developed with a reference to AI and expert systems and 
neither has yet been universally adopted by theoreticians or practitioners. 

• Bayesian probability theory [7) 

The Bayesian approach is based on formal probability theory and has 

shown up in several areas of AI research, including expert systems and 

pattern recognition problems. However, this particular approach can deal 
only with uncertainty. 

This approach has been used m a number expert systems. One such 

notable expert system is PROSPECTOR developed [8] as a consultation 
system for mineral exploration. We may cite here at least one 

PROSPECTOR - like system which has been developed based on this 
theorem where the above assumptions are implied [9]. 
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• Dempster/Shafer theory of evidence [10-12] 

Dempster-Shafer theory has been considered as a prominent candidate to 
handle inexactness in expert systems. 

• Stanford certainty factor model [13] 

In a production system, different certainty factors are attached to every 
premises. These certainty factors are combined to get the overall 
certainty of the inference. 

• Fuzzy set theory [14] 

This approach has been used in a commercially notable expert system 
REVEAL from ICL [15] which is essentially a decision support system. A 
number of commercial knowledge based shells have also incorporated 
fuzzy reasoning [16-20]. As a matter of fact, fuzzy logic has previously 
been used successfully in a number of knowledge based systems and the 
trend is good enough [21-23]. In 1937 the quantum philosopher Max 
Black had published a paper which defined the key concepts of a vague 
set [24]. The concept of fuzzy set and fuzzy logic were introduced by 
Zadeh [14]. His intention of introducing this fuzzy set theory was to deal 

with problems involving knowledge expressed in vague, linguistic terms. 

• Non-monotonic reasoning 

Most of the available knowledge-based consultation systems I expert 

systems and different ES-shells use monotonic reasoning as their 

inference strategies which essentially assume that axioms do not change 

and conclusions drawn from them remain true. In contrast to monotonic 

reasoning, nonmonotonic reasoning (NMR) proceeds with its reasoning as 

if the assumptions are true with their possible inexactness in the 
information. With its reasoning it reaches a conclusion. If one finds the 
conclusion absured, it is demanding at this stage to change an 
assumption and I or to change the associated (un)certainty values. NMR 
may be considered as an important feature of human problem solving 
and commonsense reasoning. 
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The information supplied by the parents/guardians or by the child 
himself /herself is subjective sometimes. To deal with this subjective 
reply, a kind of inexactness, NMR will be useful. NMR is also important 
and advantageous in connection with modifiability. 

7 .4. Suitability analysis 

Let us now investigate the suitability of the above method (s) of handling 
inexactness in information which seem(s) to be most sympathetic to the 
problem domain at our hand. 

7 .4. 1. Bayesian probability theory 

This approach works with two major assumptions: (1) All the statistical data on 
the relationships of the evidence with the various hypothesis are known in 
advance of processing starts; (2) All relationships between evidence and 
hypothesis are independent. Despite the commercial success of PROSPECTOR, the 
wide applicability of this approach is restricted and sometimes infeasible in 
some problem domain [2]. These assumptions are the bottlenecks of using this 
technique for a problem domain of diagnostic nature of child growth and 
development. In a medical diagnostic problem domain, it is very difficult for 

the domain experts to collect or estimate all prior conditional and joint 
probabilities. This seems to contradict the reasons of using an expert systems 

framework when and 1 or where the complete logic may not be known in 
advance. 

For the medical domain, the assumption of independence of relationships 

between evidence and hypothesis cannot really be justified. The last problem 
arises in connection with modifiability, a desirable feature of an ES, of 
knowledge base. The knowledge base may have to be changed or updated due 
to different reasons. Particularly, when complete and sound knowledge may not 
be available in advance, a fact for the present domain, existing system should 
easily and quickly incorporate the required changes. In this situation, there is 

the need to rebuild all probability relationships which seems to be a 

cumbersome task. Considering all these factors, we find hardly any good reason 

to use this technique for the present problem domain at our hand. 
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7 .4. 2. Dempster /Shafer theory of evidence 

The theory allows the decomposition of a set of evidence into separate, 
unrelated set of evidence. It allows us to use our knowledge to bound the 
assignment of probabilities to events without having to come up with exact 
probabilities when these may be unavailable; the situation where OS method 
may be a good candidate for applications like the integration of data from 
multiple radar sensors [25, 26]. It is concluded by O'Neill [1] that OS theory may 
be considered as a promising candidate for managing inexactness, as it includes 
PROSPECTOR's Bayesian belief functions and MYCIN's certainty factors as special 
cases. It also is based on a more mathematical foundation than either 
PROSPECTOR or MYCIN. However, we find to date, no notable expert system in 
the market using this model except some research applications [27]. The reason 
may be due to its involvement of so many numerical computations reducing the 
speed of inferencing and in the case of long inference chain the structure of the 
resulting belief functions would be very complex. One may expect its use where 
the length of inference chain is of low or moderate size. Some studies are 
reported to reduce the computational complexity of the method using local 
computation technique for computing belief functions [28-29] and using some 
optimizing techniques (30]. However, the ways and means of using a 
simplification scheme seems to depend on case specific algorithms which 
deserves more scrutiny and thereby restricting its general use (31]. We find no 
such commercially successful ES or ES-shell using this particular model. The 
above observations advice us, at present, not to use the technique for our 
present problem domain. 

7.4.3. Stanford certainty factor model 

This is a heuristic approach to the management of uncertainty. It is criticized as 
an ad-hoc technique. In particular, criticism from Adams may be considered 
worthwhile. Adams [32] concludes that the empirical success of MYCIN may be 
due to the fact that the chains of reasoning are short and the hypothesis 
involved are simple; this ideal situation may not be true for a complex system. 
Nevertheless, CF calculus finds its foundation among the expert system I expert 
system shell designers for its simplicity of use. The commercial success of 
MYCIN, EMYCIN, 5.1, LEVELS etc. encourages people to use this technique for 
handling uncertainty. We do expect it useful for our problem domain to handle 
inexact information of uncertain nature. 
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7.4.4. Fuzzy set theory 

In about 40 years of its existence, fuzzy set theory has been used in many areas 
including engineering, business, mathematics, psychology, management, 
semiology, medicine, image processing and pattern recognition. It may be fair 
to state that it has been used at length in control applications. In Japan alone, 
it has been reported, 2000 patents have been issued (33]. However, its 
applicability and usefulness are increasing interestingly in other fields as well 
(21-23]. In medical domain, fuzzy logic has previously been successfully used in 
a number of knowledge based systems [34-38]. For the paediatric problem 
domain, we find no such reported rigorous use. In connection with the 
management of inexact information in expert systems, the conventional 
approaches fail in four important respects [39]: 

• They do not provide the means for dealing with the fuzziness of antecedents 
and consequents; 

• They assume that the probabilities can be estimated as crisp numbers; 
• They do not offer a mechanism for inference from rules in which the 

qualifying probabilities are fuzzy; 
• The rules for composition of probabilities depend on unsupported 

assumptions about some conditional independence. 

Fuzzy logic addresses some, but not all, of these problems. More specifically, 
fuzzy logic allows the antecedents and/or consequents and/or qualifying 

probabilities to be fuzzy. Furthermore, fuzzy logic makes it possible to estimate 

probabilities as fuzzy rather than crisp number. 

Fuzzy set theory has done quite well as a formal mathematical system. Whether 
its theorems are interesting is a subjective opinion among mathematicians, but 
a large body of mathematical work exists. Where more work needs to be done is 
in establishing that fuzzy set theory actually captures something real in 
applicative fields and can make a pragmatic difference, for the right reasons 
[40]. 

It is tempting at this stage to use the technique as a measure of fuzzy concepts 
associated with the problem domain. 
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7.4.5. Non-monotonic reasoning 

The information supplied by the parents/guardians or by the child 
himself/herself are subjective sometimes. To deal with this subjective reply, a 
kind of inexactness, NMR will be useful. NMR is also important and advantageous 
in connection with portability and modifiability. We expect it useful to 
incorporate in our system as one of the measures of inexactness in information. 

7. 5. Discussions 

In real life situations we may have to reason with vague, insufficient, imprecise 
information to come to a rational decision. Any software I software tool 
developed for assisting peoples in their decision making needs to take into 
account the inexact nature of information. In this chapter, we have discussed 
the possible sources and nature of inexactness in information in context to the 
present problem domain. We have also discussed different common approaches 
for managing inexactness in expert systems. We have also attempted to analyse 

the relative suitability of those methods considering the problem domain of 
paediatrics. In this thesis, we have confined ourselves in considering certainty 

factor model and fuzzy set theoretic approach for managing inexactness. 
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jCHAPTER8 

Web-based Medical Informatics: A studyt 

8. 1. Introduction 

Fever is one of the most common health problems we face throughout the total 
span of our life. It is a familiar childhood crisis faced by medical practitioners, 
nurses and parents in both hospital and community settings. Fever means that 
the body temperature is higher than normal. The average normaL body 
temperature is 98.6° F. Children's fever may be one of the most alarming and at 
the same time most beneficial health matters that parents face. Fever itself is 
not an illness but is a sign that the body is fighting an infection. In fact fever is 
a natural reaction by the body to defend itself when infected by bacteria or 
viruses. Fever develops when the brain instructs the muscles to work harder to 
produce heat; the blood vessels near the skin restrict to help retain the heat, 
and the result is a temperature too high for many harmful bacteria or viruses to 
survive [1]. 

Despite its frequently benign nature, the presence of fever in children continues 
to spark fear in the hearts of parents and health care practitioners alike. In 
fact, fever is one of the most common paediatric problems, accounting for 25%-
30% of emergency department and clinic visits each year [2-4]. 

Usually parents in most situations try to manage the problems during the fever 
of their children. Concerns about childhood fever arise, in part, from the belief 
that fever is a disease rather than a sign of illness. Viewing fever in this way 
leads to misconceptions on the part of parents regarding its role in illness, 
which may foster anxiety about its potential harmful effects. Ultimately, 
concern about fever can lead to excessive monitoring and treatment by 
parents/home-care providers. Although it is one of the most common problems 
relatively harmful [5] but, however, parents' fear and misconceptions about 
fever lead them take unnecessary aggressive steps and inappropriate call to 
doctors [6] 0 Educational programmes on pediatric fever management for parents 

t This is based on the publication [Web-based Home Management of Pediatric 
Fever, National Conference on Medical Informatics, IPE, Hyderabad, 25-26 
February, 2000 and Web-Based Medical Informatics, North Bengal University 
Review (Science & Technology) journal, vol.11, pp.47-56, December 2000] of 
the author. 



have been shown to decrease the misuse of antipyretic drugs and inappropriate 
call to doctors for visit the child [7 -9]. 

It's important to remember that by itself fever is not an illness - it's usually a 
symptom of an underlying problem. Fever has several potential causes: 

(a) Infection: Most fevers are caused by infection or other illness. Fever helps 
the body fight infections by stimulating natural defense mechanisms. 

(b) Overdressing: Infants, especially newborns, may get fevers if they're over 
bundled or in a hot environment because they can't regulate their body 
temperature. 

(c) Immunizations: Babies and children sometimes get a low-grade fever 
after getting vaccinated. 

Fever remains one of the most common reasons why parents seek medical 
attention for their child. It is the primary complaint of 30% of patients seen by 
pediatricians in practice and the cause of as many as 50% of after-hours calls 
[10-11 ]. In the recent years, with the advent of Internet and World-Wide-Web 
(WWW), parents can have more information on the management of pediatric 
fever at home. There is no doubt that the parent oriented medical information 
disseminated through WWW is useful. But, however, it might not be possible for 
a parent to go through all the relevant web-sites for dealing a particular 

problem of his/her children. Not only that, as it is a question of 'Life and 
death', the quality of information should be, at least, 'do not harm'. The 

amount of information about fever that is available to parents is tremendous. In 

light of the huge amount of available information, parents need to have a firm 
understanding of fever, its role in illness and to equip themselves with up-to
date advice. 

Three aspects of management can be addressed: (i) accurate measurement of 
temperature (ii) proper identification of associated sign & symptom, and (iii) 

acquainted with practice to follow for treating the child at home. 

The prime objectives of our approach are (i) mitigating the Lack of inadequate 

human experts in the domain, (ii) elimination of fever phobia among parents 
and (iii) educate parents to manage the febrile child. 
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In this work, we intend to present a comprehensive study of the web-sources on 
the basis of published guidelines to parents for managing fever at home supplied 
by El-Radhi and Carroll [12]. It is also intended to explore how far a site is 
equipped with the required information for the management of fever of 

children. In section 8.2, the physiology of fever, as contrasted with heat illness 
or hyperthermia is discussed. Section 8.3 presents the concept of fever phobia. 
Section 8.4 statistically describes arguments for and against the web-sites 
advocating child fever management at home. Section 8.5 describes the outcome 
of the study and lastly, in section 8.6 conclusions are summarized. 

8.2. Physiology of fever 

Fever is a complex physiologic response to disease mediated by pyrogenic 
cytokines and characterized by a rise in core temperature, generation of acute 

phase reactants, and activation of immune systems [13]. Fever is not a 
haphazard response but a well-designed weapon that the body uses to fight 

infection. Most pediatric specialists define fever as a rectal temperature greater 

than 38.0'C (100.4 F) or an oral temperature above 37.8°C (100 F) [14]. Fever 
can have a multitude of causes, including infections, vasculitic syndromes, 

central nervous system disorders, neoplasms, poisonings, immunization or drug 

reactions, dehydrationJ and heat stroke [14]. Fever is typically defined as 
follows: [15-16] 

• Rectal temperature greater than 38'' C (100.4' F) 

• Tympanic temperature greater than 38° C (100.4" F) 

• Oral temperature greater than 37.8° C (100° F) 

• Axillary temperature greater than 37.2" C (99° F) 

It is important to remember that diurnal variation may allow temperature to 

change as much as 1 oc (1.8°F) over 24 hours, typically peaking in the early 

evening [17]. Browne et at [18] propose three pathophysiological mechanisms 

that are important to consider in the management of children with fever (table 
8.1 ). 
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Table 8.1. Three key pathophysiological mechanisms related to fever [18]. 

Tf'te thermoregulatory set-point is elevated For a fever resulting from an 
above the normal set-point. This most elevated set-point the use of 
commonly occurs as a resutt of bacterial and anti pyre tics and other controlled 
viral infection which induces the action of measures such as cooling may be 
cytokines (endogenous pyrogens); which through appropriate 
th~ action of prostaglandins turns up the 
therm()stat. The body responds to this by 
prooucing physiological changes (including 
met~b()tic, endocrine, behavioural and 
autonomic processes) aimed at elevating body 
temperature. This produces the signs and 
symptoms associated with fever. 

Heat production exceeds heat loss. This can 
occur in salicylate overdose, malignant 
hyperthermia, hyperthyroidism and excessive 
envir()nmentat temperatures. 

tieat loss mechanisms are defective lhis can 
occur in heat stroke, anticholinergic drug 
toxicity and ectodermal dysplasia. 
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For fever resulting from either 
excessive heat production or 
defective heat loss, antipyretics 
are not effective. 

For fever resulting from eittwr 
excessive heat production or 
defective heat loss, antipyretics 
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Casey (19] identifies the four phases of fever. Understanding these phases gives 
paediatrician insight into what is happening and this means they can provide an 
explanation to the child's parents depicted in figure 8.1. 

Prodromal 
Although the feels unwell their 
temperature is normal. During this 
stage the pyrogens (exogenous and 
endogenous) are acting to reset the 
hypothalamic set point. 

Chill 
The child now feels cold and shivery but 
their temperature is increasing. There is 
now a difference between the 
hypothalamic set point (e.g.39C) and 
their blood temperature (e.g.37C). The 
hypothalamus initiates heat generating 
mechanisms to bring the blood 
temperature to the new set point. 

Flush 
The child feels better and their skin is hot 
and dry. Their temperature is elevated. 
Body temperature and thermostatic set 
point temperature are now equal. The 
child temperature remains raised until the 
thermostat is reset. This is achieved by (a) 
removal of the causative agents, or (b) 
through pharmaceutical intervention. 

Diaphoresis 
The child looks flushed, feels hot and sweaty. 
Their temperature is falling. The 
hypothalamus has recognized the need to 
initiate heat loss mechanism. (e.g. 
vasodilatation, sweating). !f their 
temperature drops suddenly extensive 
peripheral vasodilatation can occur. This can 
lead to the child going into shock. 

Fig.8.1. The four stages of fever. 
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8. 2.1. Recommendation for Infant 

The following steps are recommended [20] for management of previously 
healthy, nontoxic infant or child (3 months to 3 years of age) with fever without 
source and having temperature < 39 ° C. 

• Careful physical examination to identify potential focal infection (e.g., 
pneumonia, abscess, cellulitis, sinusitis, otitis media, osteomyelitis, 
impetigo, lymphadenitis, scarlet fever, streptococcal pharyngitis). 

• No tests or antibiotics if infant or young child looks well and no possible 
bacterial source is identified. 

• Antipyretic as needed. 

• Follow-up: Re-evaluation if fever persists more than 48 hours or condition 
deteriorates. 

8.3 Fever phobia 

Studies of parental knowledge of fever have exposed unfounded fears and 
misconceptions leading in many cases to unnecessary or inappropriate 
treatments and I or visits to hospital or medical practitioners. Although not 
addressed in the literature, the issue of cost-effectiveness of intervention is also 
a concern in this era of limited resources. In 1980, Schmitt found that parents 
had numerous misconceptions about fever in children [21]. His study found that 
94% of parents believed that fever could cause side effects; 63% stated that 
they worried a great deal about serious harm resulting from a fever; 18% 
believed that brain damage and other serious consequences could be caused by 
a fever of 38.9 ° C (1 02 ° F) or higher; and 16% believed that body temperatures 
could rise above 43.rc (110° F) if not treated with an antipyretic. These 
concerns were termed 'fever phobia.' 

Twenty years later, Crocetti et. al., were conducted a similar study of parental 
attitudes toward fever [22]. They found that fever phobia persists, and that 
parents share many of the concerns identified by Schmitt in 1980. Ninety-one 
percent believed that fever could cause harmful effects, such as seizures, brain 
damage, coma, delirium, blindness, and death; 56% were very worried about 
fever and it's potential to cause harm; and 7% believed that temperatures could 
rise above 43.rc (110°F) if left untreated. These effects are summarized in the 
following table 8.2. 
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Table 8.2. Harmful effects of fever. 

8.3.1. Parents' versus physicians' Preferences 

Because of current uncertainty about the evaluation and treatment of infants 
and young children with fever, some studies have recommended that increased 
consideration be given to parental input. 

A study [23] by Oppenheim et. al. shows that 71 percent of parents of children 
with fever preferred options with less testing and treatment, accepting the very 
small but real risk associated with failure to identify and treat hidden infection. 
These parents reported a variety of reasons for their preference, including a 
desire for fewer painful tests, less waiting time, smaller chance of unnecessary 
antibiotic therapy and a belief that they could return to the emergency 
department if their child's condition deteriorated. In contrast, the 29 percent 
who preferred the more aggressive option universally cited desire for lower risk 
as the reason for their selection. 

In general, parents tend to emphasize the short-term pain, discomfort and 
inconvenience of tests. Physicians are more likely to discount these 
considerations and focus on minimizing the risk of adverse outcomes [24]. 

Among physicians, widespread differences regarding the management of febrile 
children have been repeatedly documented. Not surprisingly, physicians in 
private office settings tend to adopt strategies involving less diagnostic testing 
or empiric treatment, whereas hospital-based physicians are most likely to test 
and treat [25, 26]. 
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8.4. Materials and Methods 

8.4.1. Searching the Web 

It is intended to present here a case study, web-based home management of 
pediatric fever, to explore the variability in both content and quality of web
based information. As on 20th January, 2000, we searched the World Wide Web 
with the browser MSN Network and using the lnfoseek search engine. It gave 
Web search results as 5,088, 970. We considered 33 such sites having relevance 
>= 60%. [Table 8.3] The phrase that was used as a search string is 'child fever 
management'. Here we concentrated to English language only. 

8.4.2. Assessing the sites 

We think that we have to consider two prime issues in respect of assessment of 
medical web-sites: (i) quality and reliability, and (ii) completeness of 

information for a particular problem, say fever management. For such 
assessment of explored web-sites, the guidelines to present for managing fever 
at home supplied by El-Radhi and Carroll [12] were considered. The highlighting 
recommendations from them [12] are: 

{a) Taking the child's temperature in the armpit; 

{b) Giving paracetamol in a dose of 10-15 mg/kg every four hours; 

(c) Sponging: use tepid water that feels neutral to the touch and to 
always give paracetamol before sponging; 

(d) Keeping the child lightly dressed, offer fluids frequently, and 
discourage excessive activity. 

(e) Calling a doctor if the child is less than 6 months old; Looks very seek; 
suspecting a disease like measles, chicken pox etc.; feeling very 
uneasy; or has one or more associated symptoms like stiff neck, 
confusion; vomiting, seizure, breathing problem, severe headache 
etc., or has had a temperature above 106°F. 
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Here a list of 33 web-sites having relevance>= 60% is presented in table 8.3. 

Table 8.3. A comparison between 33 web sites offering child fever management 

at home and the published guidelines [12]. 

of treatment procedure physical to call a 
temperature remedies doctor? 

American Institute of Preventive Yes Yes No* Yes Yes 
Medicine 
Mayo Clinic No Yes No* Yes Yes 
Dr. Reddy's Pediatric Office on the Yes Yes Yes No Yes 
Web 

DRS4KlDS Yes Yes No* No Yes 
KID'S Health Yes Yes No* Yes Yes 
KIDS Dqctor No Yes No* Yes No 
Kidshealth. org Yes Yes No* No No 
the Doctor's Office No Yes No* Yes Yes 
C.A •. LM~ Yes Yes No Yes Yes 
Ufeline Yes Yes No* Yes Yes 
Framinhham Pediatrics Yes Yes No* Yes Yes 
Mead Johnson No No No* Yes Yes 
MCA!tE Yes Yes No* Yes Yes 
Medicine Net. com Yes Yes No No Yes 
LOsiAttos .foWil Crier No Yes No" No No 
~~~th World IntegratiVe Medicine No Yes No Yes Yes 
Al1:leri<:an College of Emergency No Yes No No Yes 
Physicians 

Oqctots Hospital, Ohio Heatth No Yes No No Yes 
Health ~ducation AssoCiates No Yes No Yes Yes 
~~nLeSJjin Yes Yes No* No Yes 
A1tsJpe.di~t'rics·Ask the Doctor No Yes Yes Yes No 
e¢$i)liatthcare No No No Yes No 
Helltf)front.com Yes Yes No* Yes Yes 
OM!tON Heatth Care Yes Yes No* Yes Yes 

No Yes No No Yes 
No Yes No* Yes Yes 
NO Yes No No Yes 
.NO Y~s Yes Yes Yes 
y~ Yes No* No Yes 

Yes No* No Yes 
Yes Yes No" Yes Yes 

Oro~ Cooperative Yes Yes No* Yes Yes 
Tiny Pediatric Topics II No Yes No No No 

No*: Don't suggest giving paracetamol before every sponging. 
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In the table 8.3., we summarize the results of the comparison between the 
guide lines [12] chosen as standard and the contents of the selected web pages. 
More results from our statistical analysis are given below considering some other 
specific issues as: 

(a) The optimal sites for measuring temperature; 

(b) The exact temperature for treating as fever; 

(c) Physical and Pharmacological treatments of fever; and 

(d) Conditions that may warrant a visit by a doctor. 

Table 8.4 shows the results of measuring temperature. Table 8.4 shows 14, 23, 
11 and 25 nos. recommended for measuring temperature by axillary, oral, 
tympanic and rectal methods respectively. But only 7 (axillary), 12 (oral), 4 
(tympanic) and 14 (rectal) nos. of web sites recommended the exact 
temperature considered to have fever as shown in table 8. 5. 

Table 8.4. Measuring temperature. 

No. of web site (%) 

Me,~hods R~orrtmended Dis~ouraged Not mentioned 

FQr~head touch 00 (()0.00) 03 (09.09) 30 (90.90) 

Foreh,ead Strip 00 (00.0()) ()7 (21.21) 26 (18.78) 
''' 

A,Jillary 14(42,42) 00 (00.00) 19 (57.57) 

()ral 23 (69.69) 00 (00.0()) 10 (30.30) 

tyft\J:@cic 1.1 (;}~. 3~J .02 (Q~.(}M 20 (60.60) 

Re¢t,al 25 (7.5.75) ()O .(()0~00) oa (24.24) 

C9rr~tway Recorrnnenped Not Mentioned 

(instruction) for O't(£1·1l) 26 (78.78) 

taking temperature 
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Table 8. 5. Exact temperature mentioned. 

A B c D E F 
Method Recommended Recommended Range of Mean of Standard 

for measuring for exact temperature column deviation 
temperature temperature considered c of column 

considered fever fever (C) c 
Axillary 14 07 98.6 to 99.2 98.98 0.17 

Oral 23 12 98.7 to 100.1 99.60 0.37 

tympanic 11 04 100.0 to 100.4 100.16 0.15 

Rectal 25 14 99.7 to 101.1 100.41 0.30 

Of the 33 documents that all mentioned drug treatment, Acetaminophen was 
recommended in 31, lbuprophen in 20 and Aspirin in one as shown in table 8.6. 
But, however, only 6 (18.18%) sites offer the dosage for Acetaminophen and 5 

( 15. 15%) sites offer the dosage of lbuprophen as in table 8. 7. 

Table 8.6. Drug treatment. 

No. of web sites (%) 
[)rug Recommended. Discouraged Not mentiQOed 
Only Acetaminophen 31 (93.93) 00 (00.()0) 02 (06.06) 

OlllY.lbi.Jp(ophen ~0 .(QQ.;,()) . 00 (00.00) 13 (39~39) 

A¢eijtmtoophen + 20 (60.6Q) 
',,, 

()() (00.00) 13 (39.39) 
lp\,Jpr;Qphen 
Asp inn 01 (03.03) 22 (66.66) 10 (30.30) 

Table 8.7. Drug dosage. 

Website Acetaminophen lbuprophen 

St .• No. mg/Jsg of body frequency mg/kg of body frequency 

weight weight 

16.1 6 

.4J()6 

10.0 t.o 15.0 4 10.0 6. 
,4to6 1L11 6to8 
4 27.7 6 

Non-drug treatments were indicated in web sites as shown in table 8.8. 
Lukewarm sponging, light dressing, intake of more fluids, maximizing rest were 
most commonly recommended, while alcohol sponging and use of 
tight/warm/heavy dressing were discouraged. Table 8. 9 shows the criteria for 
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calling a doctor. Two major recommendations were found: (i) when the baby is 
up to 3 months, and (ii) fever with one or more associated symptoms. 

Table 8.8. Non-drug treatments. 

No. of web pages (%) 

Ncm·drug Recommended Discouraged Not 
treatment (%) (%) mentioned 

(%) 
1-J.!~ewarm sponging 15(45.45) 01 (03.03) 17 (51.51) 

t.okewarm 15 (45.45) 00 (00.00) 18 (54.54) 
~~thlshc:l\•ver 

Co(d sP91lBing 
" 

()2 (Q6.06) 04 (12.12) 27 (81.$H 

W~;r OJ (03.03) 08.(24~24) 24 (72.72) 
·(db'oo)·· 17 (St.51) 16 (4~.48) 
/ c -{'· •/!:,. ·;·/ .. 

Setting. room 04 (12.12) 00(00.00) 29 (87.87) 
temperature/ 
GQ9ling room 
Fanning 02 (06.06) 00 (00.00) 31 (9.3.93) 

Light dressing 14 (42.42) 00 (00.00) 19 (57.57) 
Tight/warm/heavy 00 (00.00) 14 (42.42) 19 (57.57) 

dressing 
Intake of fluids 23 (69.69) 00 (QQ.OO) 10 (30.30) 

Maximizing rest 11 (33.33) 00 (00.00) 22 (66.66) 

Minimizing·.~ctivity 03 (09.09) 00 (00.00) 30 (90.90) 

Antipyretic before 03 (09.09) 00 (00.00) 30 (90.90) 
cooling 
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Table 8.9. When to see/call a doctor? 

No. of web sites (%) 

Criteria Recommended Not 
mentioq~ 

Age upto 3. montl'ls 15 (45.45) 18 (54.54) 

6months < Age > 3months +any 08 (24.24) 25 (75.75) 

temperature 
Fev~r >=102 F 06 (18.18) 27 (8'1.81) 

Fever >=104 F 11 (33.33) 22 (66.66) 

Fever+ associated symptom(s) 20 (60.60) 13 (39.39') 

Not reducing by medication/ non·drug 06 (18.18) 27 (81.81) 

treatment 

2 days<=fever persists<=1 day 08 (24.24) 25 (75.75) 

fever persists >=3 days 08 (24.24) 25 (75.75) 

8. 5. Results 

Taking the above recommendations as standard, we made our statistical analysis 
on the 33 web-sites. In the table 8. 3, we summarize the results of the 
comparison between the guide lines [12] chosen as standard and the contents of 
the web pages. It is seen from the table 8. 3 that none of the 33 web-sites 
closely adhered to the main recommendations listed in the guidelines. The main 
deviations were with the prescriptions for sponging procedures: only three sites 
adhere to the published guidelines. But, however, if we don't consider the use 
of paracetamol before every sponging, we get 9 reliable sites. Most of the sites 
recommended acetaminophen but not all suggested the dose. Some of the web 
pages also recommended treatment with ibuprofen and/or acetaminophen. All 
web pages except one suggested strictly not to use aspirin because of the 
possibility of developing Reye's Syndrome. 

8.6. Conclusion 

As internet based public health information is gaining swift momentum, it is 
warranted to use in actual practice because there is variability in both content 
and quality of information. This is more important specially in medical domain 
as it is a matter of 'life and death'. There is a fair chance to get mislead by 
what is obtained from the Internet, particularly searched by non-experts in the 
field. More importantly, this may even lead to dangerous situations. Though 
there is a wealth of health information available, there is often no guarantee of 
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its quality. Everybody should be careful of websites that are created by a 
commercial agency that might be trying to sell their product. From our study, it 
is clear that parents might easily be misguided if not the proper web page(s) has 
been consulted. So the public oriented health care information on the internet 
should be judged on the basis of accuracy, quality, completeness, and 
consistency before applying the same in actual practice. Additionally, if the site 
is created by a well-known and reputable organisation such as a government or 
educational agency then it may be a trustworthy. Some reliable web sites are 
created for health consumers and are therefore written in plain language. In 
this regard, such reliable web-pages should be marked and obviously, medical 
professionals have to come forward. Moreover, the internet can be a good 
source of information for us but it should not be a substitute of a family doctor. 

It is our appeal to all policy-makers, bio-medical professionals, researchers and 
healthcare workers to involve in the process to identify more criteria for 
assessing credibility of Internet medical sites. Work to be done towards a 
general consensus on the criteria and develop criteria into a web-base 
knowledge acquisition toolkit so that the general public and physicians can use 
it. Thus it is our duty to educate others and to involve for making Internet a 
useful and mankind medical resource. 
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I CHAPTER 9 

A Web Accessible Knowledge-based Advisory System for Peadiatric 
Fever Managementt 

9.1. Introduction 

In the history of more than three decades a sub-field of AI that has a sufficient 
contribution for the current awareness is the expert system technology. Starting 
from the first generation expert systems which include DENDRAL, MYCIN etc., 
and several commercial expert systems have been built in different application 
areas including medicine, industry, agriculture, science, military etc. 

General decision support for critical care medicine is discussed in many 
publications [1 ]. Most of these works, however, focus on the logistics of critical 
care rather than on the decision making process itself. The efforts that focus on 
the decision making process itself mainly adopt heuristic approaches. Despite 
the relative success of these systems, some problems are associated with the 
commercial expert systems [2]. These are (i) availability, (ii) software 
distribution, and (iii) communication. The problem associated with availability 
dictates that one has to put the expertise at the place and time where it is 
needed. The second problem is the software distribution. As knowledge base 
and user interface components of stand-alone applications are updated, those 
updates must be physically distributed to all users, along with necessary 
documentation and instructions. This can require many separate software 
installations and upgrades over time, often beyond the competence of users. 
Communication is another problem. A lack of common protocols for the 
exchange of knowledge among expert systems has discouraged designs involving 
cooperation or dynamic information sharing among applications. The resulting 
isolation is a factor in the brittleness of expert system products, which tend to 
have a tightly circumscribed area of competence. 

In India, children under 14 years of age are about 33.5% of total population as 
per the Govt. of India SR report 2005 [3]. ChHd mortality is a vital problem 
around the globe, discussed its statistical importance in Chapter 2. UNICEF, in 
its Accelerated Child Survival and Development (ACDS) concentrates on 

t This is based on the publication [Journal of Association for the Advancement of 
Modeling and Simulation Techniques in Enterprises (AMSE), France. Advances in 
Modeling-(, Vol.68, No.5, 2005, pp.63-74] of the author. 



community-based promotion of family health, nutrition and hygiene practices; 
outreach efforts and campaigns to provide essential services and products; and 
facility-based delivery of an integrated minimum-care package. It builds on the 
strengths of existing approaches, such as the 'plus' programmes for Antenatal 
Care, the Expanded Programme on Immunization and the Integrated 
Management of Childhood Illness [4]. To address these problems, a large 
numbers of pediatricians (experts) are required. But the human experts are a 
scare commodity. This is can be viewed from the table 9.2. [5]. In order to cope 
with these huge child population and survival, and to mitigate the lack of human 
experts, web-accessible expert systems for well-being of child are very much 
essential. Architecturally, these kinds of applications in different domains are 
stand alone systems based on mainframe, minicomputer or personal computer 
platforms or LAN-based distributed applications. 

Table 9. 1. Percent distribution of estimated child population by age-group, sex 
in India, 2005 [3]. 

Ag~ Total Rural Urban 
Group 

Total Ma,,les ·Female$ 'Total ··Mates Females Total Males Females 
1 2 3 

. 4 5 6 7 8 9 10 
0-4 10.4 10.6 10.3 10.9 11.1 10.7 9.1 9.2 9.0 
5-9 11.9 12.1 11.8 12.7 12.8 12.5 10.0 10.2 9.9 

10-14 11.2 11.4 10.9 11.6 11.9 11.3 10.1 10.2 9.9 

In this situation the Internet can offer a large potential for delivery of various 
information-based services, including the services of knowledge-based 
applications. As the availability and usage of the Internet are increasing 
exponentially, it can be used as a medium for the delivery of expert systems. 
With the advent of World Wide Web and Internet technology, the above 
discussed problems can be solved and thereby the usage of expert systems can 
be enhanced as it is globally accessible. User friendly online expert systems 
would be very useful, as these can render assistance to anywhere, to anybody 
and at any time. 

To the best of our knowledge, no such expert system development has been 
reported in febrile child management at least in Indian scenario. This paper 
examines the feasibility and effectiveness of a decision support approach to 
pediatric fever management by parents. In the first phase of the work, we build 
a simplified decision diagram in fever management and analyze the knowledge 
acquisition requirements. 
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Table 9.2. Paediatricians at community health centre (CHC) in Indian states/UTs, 
as on March 2007 [5]. 

State/UT Required* Sanctioned In Position Vacant Shortfall 

Notes: NA: Not Available. *One per each Community Health Centre. **Surplus. 
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We address the issues of domain experts on medical decision analysis processes, 
systematically constructing a flow model, and assessing the parameters with the 
aim of transforming the process into a real-time setting on the web. So, here is 
an attempt to develop a rule-based online expert system for home management 
of febrile child. This expert system can be accessed through the URL 
http: I /Samanta_RK. tripod.com/homepage.html. 

In the next section, the benefits of using expert systems through the Internet 
have been discussed. Section 9.3 describes about the Web. In section 9.4, a 
short description of Perl has been depicted. The section 9. 5 describes the 
interrelation between Perl, CGI and the Web. Section 9.6 contains some 
representative expert systems on the Internet. Section 9.7 suggests the ways for 
connecting ES to Web-Site. Tools and languages for development of Web based 
expert systems are presented in section 9.8. In section 9.9, we describe some 
related issues such as, knowledge engineering and architecture of this Web 

based expert system. Section 9.10 presents the implementation issues. 
Performance evaluation is presented in section 9.11. Lastly, summary and 
conclusion are summarized. 

9.2. Benefits of using expert systems through the Internet 

The number of Internet based expert system applications are gradually 
increasing due to some advantages. There are several factors that combine to 

make the Internet, by contrast to traditional platforms, a more effective base 
for expert system delivery. The Internet provides several advantages for expert 

system development [2]. 

• The Internet is widely accessible. Internet usage continues to grow rapidly 
with varying estimates putting the number of Internet users at around 60 
million in India, 220 million in the USA and around 1500 million worldwide 
[6]. For people living in rural India, it is now almost easier to connect to the 

internet than it is to find a medicine shop, which can be apprehend from the 
IT statistics of Internet usage [7,8]. Cyber cafes and the affordability of 

home computers and internet access make connecting to the web simple. 

Government promotion of broadband access can only increase the numbers 

using the internet. Wireless communication makes Internet access 

completely portable as well. Due to the ubiquity of the Internet, Internet
based expert systems can be accessed literally anywhere in the world, at the 
precise location at which they are needed. Additionally, the immediacy of 

the internet and its interactive nature make it a compelling source of 
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information [9]. Lay people looking for health information can be online in 
minutes, at any time and from the comfort of their own homes - a situation 
in stark contrast to a visit to casualty or even to a busy general practice. 

Table 9.3. Top 20 countries with highest number of Internet users as on June 30, 
2008 [6]. 

Sl Country or Internet Penetration %of World Population User 

Region Users, (% Population) Users (2008 Est.) Growth 

Latest Data (2000~08) 

1 China 253,000,000 19.0% 17.3% 1,330,044,605 1.,024.4% 

2 United States 22Q, 14.1, 969 72.5% 15.0% 303,824,646 130.9% 

3 Japan 94,{)QO,OOO 73.8% 6.4% 127,288,419 99.7% 

4 India 60,000,000 5.2% 4.1% 1,147,995,898 1,100.0% 

5 .GermanY 52,533,914 63.8% ).6% 82,369,548 118 •. 9% 

··F&t:~l 6 . 5Q,OOQ;pQo .2~;1% .3.4% 191,9Q$,598 90Q,~~ 

7 u.P:~ted: KingdQm 
V. •V•',J :··.·· ., 

~1.117·t~7 6J:6% 2~9%. 60,943,912 fl}.5:% 

8 FrAnce l6Lf~l,,JZ7 5a.1 %. 2.5% 62,177,676 32S~3% 

9 ~rea, South M,ql,~O 70,7%, 2.4% 49;232;844 sz.?% 

10 ·~ly 34,70.8.144 59.7% 2.4% 58,145,321 162.9% 

11 ·Russia 32 7Q.Qi@ 23.2% 1;.2.% 1410, 704t.094 954.8% 

12 t.'anada 28,.QOOi000 M,l% 1.9% 33,212,69.6 120.'5% 

13 Turl<ey 26,~;000 36 .. 9% 1.8% 71,892,807 1,225.0% 

14 Spa,in 25,\623,329. 63>l% t~8% 40,491,051 375.6% 

15 Indonesia 25,000;000 10.5% 1.7% 237,512,355 1,150;0% 

16~ .Me~i:O 23,100.0® 21.6% 1.6% 109,955.~ 773.8% 
. 

17 · Jtiln ZJ.ooo~ooo. 34;9% 1.{!% 65,.875t223 9,10().(}.% 

18; \ltetnaro 20,;(59,615: Z).4% 1.4% 86,116~559 9,979~$% 
' '•) 

rihk1~ ·····.·•· 1'1:~&® 1~, . $tlln .'.>;. . .. .. : 10.4% 1.1;% 167,7~7;040 ,2;!169~5% 

D~··,iu 
.. 

1~ii$'~~ Z() $~:tJa 79;4~ 1.1" 2Q 600';$56 147 .•. 8% 
., ~ •• • u ~ ••• • • " 

I 't~%QC(Iumrta 1.11~·713~572 15.4% 76.2% 4~ 38$,Q51, 1>48 284 •. 1CJG 

II 
' .: ' . . 
~~~ a;f,·Jhe World 347.918,789 .. 11~2% 2.3.8% 2,288,Q67, 740 391.)% 

Ill TotalWortd 1,,463, 632, 361 21.9" 1.00.0% 6,676,120,288 305.5% 

• Web-browsers provide a common multimedia interface. HTML-compatible 
browsers are installed on virtually all desktop workstations and personal 
computers. The common controls and format directed by HTML provide a 
standard user interface platform on which developers can build. The 
presence of a standard user interface framework not only simplifies 
development efforts but also greatly reduces user training and support 
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requirements for expert system developers. Graphics, sound, text, etc. can 
be easily incorporated into user interfaces based on Web browsers when 
appropriate. 

Table 9.4. India Internet Usage and Population Statistics [7]. 

Year .Users Population % Penetration 
1998 11400t®O 1 ,Q~4,8701677 0.1 % 
1~9 .2· 800000 ...... '·.,.h ..... 1,Q9i4,870,~77 0.3 % 

~0 $,5QO#.Oho 1·;o9-t~$~Q,677 0.5 % 
~1 7,0dd;ooti 1,094,870,677 o~.7 % 
2Q0l t6,s,~p,()Qo 1,0914,870,677 1 .. 6% 
~&03 ~&00 1 ,094,$"];'Q,677 2.1 % , .... 
20o4 39 o·Qrlo 1 ;094~870,677 3.6% .. · •. ,., .. 
20.Q5 so 60$'00o ·' .. , . 1 '112,l25,8t2 4.5 % 
20Q~ 4o,QQ6~'Q()o 1, 114.,Z25.,812 3.6 % 
2007 42,000,000 1,129,667,528 3.7 % 

• Several lnternet-compaUble tools for expert system development are 
available. There are a variety of expert system development tools with 
features that facilitate Internet-based development, include server 
components, HTML interface, and compatibility with Internet protocols and 
languages. These include commercial development environments and free 

expert system shells. 

• Internet-based appUcaUons are inherently portable. The Internet provides a 

development environment that is platform independent and widely 
available. For Internet-based expert systems, this means that there is no 
need for special distribution and installation of expert system software in 
advance of its use. Rather, applications are provided on demand at the time 
and place they are needed. Applications can easily be relocated, upgraded 
and modified without affecting users directly. 

• Emerging protocols support cooperation among expert systems. Protocols 

such as CORBA, DCOM and Jini provide standard mechanisms for the 

exchange of information and services among applications. Though these 
protocols support data and service sharing through object interactions, they 
must still be adapted to the expert system application level in order to 
enable cooperation among intelligent processes. 
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9.3. The web 

The Web or World Wide Web is one of the most popular services provided via 

the Internet. Probably the most appealing aspect of the Web, however, is the 

fact that it is not just for spectators. Once one has some experience with the 

Web authoring tools, he can publish himself and can offer over the Web 

anything he wants to make available. 

Table 9.5. India telecom & IT statistics, facts and figures as on July 25, 2008 [8]. 

Sicltfstics on JntE!rnet in India 
1 Number of broadband connections 

2 Expected number of broadband 
connections b end C>f 2007 

3 lhternet subscriber-to-user ratio 
4 Number of peopte using the internet 

Dec 2006.: 2 miUion • Sep 2006: DNA Sep, Dec 
1. 7 million 06 

9 million (Communkation and DNA Dec 06 
IT Minister, Got) 
1: 10 b Nasscom estimate DNA Jul 06 
70 mittion estimate by DNA Jul 06 
Nasscom or 39 million by 

t~ In director 

3 mJ(lJbtt (not achieved) 

4.5% of India's population 

about 50% 

8 rniUtoh~ estimate 

2001: 22% •. 2002: 31 % 

1.2 

AS % (average over past 5 
ears) 

10; Jan·~ 

India Qafly; Jan 
06 
DNA;Apr06 

DNA; Oec06 

G'TF; 2.005 
Business 
Standard, Dec 
2005 
v2020; Apr 2003 

GTF; 2005 

conSu; Nov 
2005 
ConSu; Nov 
2005 

DNA: Daily News and Analysis <http://www.dnaindia.com/> 
ID: India Daily <http://www.indiadaiiy.com/> 
v2020: Manas Bhattacharya, IES, (Deputy Director General (Finance), Department of 
Telecommunications, Ministry of Communications&. IT, Government of India), Background Paper 
submitted to the Committee on India: Vision 2020, Telecom Sector in India: Vision 2020 
HT: Hindusthan Times <http: I I www. hindustantimes. com I Homepage I Homepage. aspx> 
FL: Frontline <http:/ /www.flonnet.com/> 
Sify: Sift Broadband, http: I /sifybroadband.techwhack.com/ 
ConSu: Content Sutra <http:/ /www.contentsutra.com/blog/> 
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The Web is the collection of all browsers, servers, files, and browser-accessible 
services available through the Internet. It was created in 1989 by Tim Berners
Lee. He designed the Web in such a way that documents located on one 
computer on the Internet could provide links to documents located on other 
computers on the Internet. 

The most familiar elements of the Web is the browser. A browser is the user's 
window to the Web, providing the capability to view Web documents and access 
Web-based services and applications. Today's Web browsers extend Mosaic's GUI 
features with multimedia capabilities and with browser programming languages. 
These programming languages make it possible to develop Web documents that 
are highly interactive, meaning do more than simply connect to another Web 
page elsewhere on the Internet. Web documents created in association with 
programming languages run entirely within the context of the Web pages that 
are currently displayed. This is a major advance in Web publishing technology. 

In order to publish a document on the Web, it must be made available to a Web 
server. Web servers retrieve Web documents in response to browser requests 
and forward the documents to the requesting browsers via the Internet. Web 
servers also provide gateways that enable browsers to access Web-related 
applications. Today's servers are designed for higher performance and to 
facilitate the development of complex Web applications. They also support the 
development of server based applications. 

Because the Web uses the Internet as its communication medium, it must follow 
Internet communication protocols. The Internet's Transmission Control Protocol 
(TCP) and Internet Protocol (IP) enable World Wide Web connectivity between 
browsers and servers. In addition to using the TCP/IP protocols for 

communication across the Internet, the Web also uses its own protocol, called 
the Hyper Text Transfer Protocol (HTTP), for exchanges between browsers. 

9.4. Perl 

Perl is the most powerful, easy to use and full featured programming language 
available today. Larry Wall, a linguist-turned-programmer built Perl to evolve 
over time, as a language does. Traditional programming languages evolve 
slowly and at some point stop changing. Perl like a spoken language, evolves 
quickly to meet each new generation's needs. Perl stands for Practical 
Extraction and Report Language. 
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The distribution of a version of Perl, Perl 5 has always been freely available on 
the Internet and that distribution includes the source code. It helps anyone to 
modify the language to meet individual's needs and goals. Perl attracted 
attention of Unix system administrators who needed a language that was easier 
to use than the C programming language and more powerful than scripting 
languages such as Bourne and (-shell. Originally, most Perl users were Unix 
system administrators and other people with similar needs, who used Perl's 
text-processing power to generate reports and write scripts that aided in the 
configuration and monitoring of Unix systems. Unix programmers snapped up 
Perl as a tool of choice almost immediately for doing various tasks. Because one 
has the ability to call most of the standard Unix system services from a Perl 
script including the internetworking functions. 

Perl was designed to run on any computer, but because it usually ran on a Unix 
computer, it has a decidedly Unix flavor. But in the later half of the 1990's, 
applications and versions of Perl targeted towards Windows programming 

environments started appearing. In 1994, the World Wide Web through the 
Netscape browser became a new and powerful influence on the jobs of Unix 
system administrators. They turned the Perl as their tool to help them with 
their new World Wide Web tasks. 

A Web page is a text document that is formatted with a set of commands called 
the Hyper Text Markup Language or HTML. HTML is a markup language, that is, 
it controls the way a document looks. HTML instructions tell a Web browser how 

it should go about displaying the page on screen. But HTML all by itself has 

practically no facilities for making a Web page do things. 

The Perl programming language is hands-down the most popular method of 
making a Web page 'do' something mainly because Perl is freely available and 
will run on every computer platform that can host a Web server [1 0]. Coupled 
with the Common Gateway Interface (CGI), Perl is used on the vast majority of 
Web sites to create Web pages that have to do more than sit there and look 
pretty. When new users of the Web wanted to create dynamic Web pages 
through CGI programming, they were generally working on a Unix Web server. 

Perl was freely available on those Unix Web servers and users started using Perl 
for their CGI applications. Because Perl was built to process text, and much of 

the CGI programming is processing user input and returning HTML text pages, 
Perl was a natural fit for this new programming environment. It is the de facto 
programming language for dynamic HTML Web pages. It is easy to use and there 
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are thousands of free CGI, system administrative and text processing programs 
written in Perl available on the Internet. 

Perl 5 is an interpreted language so program is converted into machine format 
at the moment it runs, that machine format is more likely to be compatible with 
the machine it is running on. Perl programs run on a Unix, Windows, or 
Macintosh operating system with little or no change required to the code 
written. This feature is called portability. This portability is one of the primary 
features of Perl 5. Though most interpreted programs are slower than similar 
programs that are compiled, but Perl 5 is an extremely optimized and fast 
interpreted language. It is not much slower than compiled code. Another benefit 
of an interpreted language is that coding and testing process is much easier and 
faster. 

Like shell scripts in Unix or batch and command files on MS-DOS and Windows 
NT, Perl programs are just text files that run through an application to process 
their commands. Moreover, Perl 5 runs on all of the brands of Unix such as HP
UX, Sun Solaris, Linux, Linux Red Hat etc. without modifications. 

9. 5. Interrelation between Perl, CGI and the web 

CGI or the Common Gateway Interface is the key to fit Perl programs into the 
World Wide Web. CGI is an interface and has been used for many years as a 
facility for passing information from a Web page to a program that can process 
the information. HTML is quite good at describing how a Web page should look 
in a browser, but the language all by itself has virtually no facilities for 
processing information or even making rudimentary decisions. CGI allows a 
program to take all its input from a page on the World Wide Web and do 
something with that input. 

When a Perl program is requested to run from the command line, generally it 
takes its input from keyboard and sends its output at the screen. CGI reroutes 
those standard conventions. The Perl program's input comes from the Web page 
and most importantly, CGI sends Perl program's output back to the Web server. 
If the output happens to be formatted correctly in HTML, the server will put it 
out as an HTML document to whatever browser is connected to it. This is the 
foundation of using CGI as a pipeline between Perl and the Web. 

A Web page can be created from a Perl program. Because Perl is a fully 

functional programming language, rather than a markup language such as HTML, 
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one can decide what to draw within his program based on what has been 
entered in the page and sent to him. Of course, this facility is not limited to 
Perl. Any program written in any language can be interfaced with CGI. But, most 
of what one needs to do can be accomplished more easily from a Perl script 
than from a compiled program. Additionally, a Perl program might not have to 
be rewritten and recompiled when moved to another operating system or 
computer platform. Perl interpreters have been written for every popular 
computer platform, from Sun to Alpha to Apple to Intel and more and with very 
few exceptions the Perl programs should transport unchanged into every 
environment. 

9.6. Expert systems on the net 

The content of this section is based on our web-searching results during 1st week 
of January, 2002 as well as on reference [2]. Although the list given here is not 
exhaustive, but readers may have some information on the recent 

advancements of internet based expert systems in different disciplines. 

• In education and research 

TEST, an expert system for Thermodynamics, developed at San Diego State 
University [11], assists in solving problems in Thermodynamics. TEST is designed 
as an HTML-based decision tree that incorporates Java applets to perform 
calculations and what-if scenario. 

• In business and industry 

The Coating Alternatives Guide [12] and Solvent Alternatives Guide [13] both 
developed at the Research Triangle Institute, have the goal of reducing 
industrial pollution. Both systems are rule-based expert systems, developed in a 
custom shell written in ColdFusion, a web application server framework. 

• In medicine 

Starting from MYCIN, a number of expert systems have been developed Vvith 
their relative merits and demerits. However, a list of 65 important medical 

expert systems along with their objectives is available from the reference [14]. 
But, however, they are mostly stand alone systems. We have been able to find 
out the following web-enabled systems. 
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HEPAXPERT /WWW is an internet-based interface to an expert system for 
interpreting serological tests for hepatitis infections [15]. Here test results are 
entered via the web, while processing is done off-line and conclusions are e
mailed to the user. 

An internet-based system for intelligent management of the treatment of 
diabetic patients was designed by Riva et al. [16]. This application interacts 
with both patients and doctors as it collects data from patients and makes 
recommendations to doctors about therapy. The design includes fuzzy logic 

control, a LISP web server and client-side Java and Java Script components for 
performing calculations. 

A decision support system to support the ear, nose and throat unit of a primary 
health centre is described by af Klercker and Klercker [17]. The system is 
designed as decision tree, derived by induction from actual past cases, and is 
implemented in Tripod CGI-PERL modules that dynamically generates HTML. 

9. 7. Connecting ES to web-site 

9. 7.1. Solution alternatives 

Two different solutions for transference of system to Web had been conceived 
as: 

Solution 1: 

Validating the existing system for its access through Web by using front-end 

technologies with the GUI truncated part of KE, IE and CS at the back-end. This 

requires CGI or native interface from C++ to an internet language. 

Approach: 

(a) Truncation of existing GUI component of any existing stand-alone ES. 

(b) CGi interface development and legacy code n1odification for interface of 
ES on server side. 

(c) Web-based client side development for consultation with the server 
component. 
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Solution 2: 

This involves code conversion and implementation through the use of Internet 
programming languages and markup technologies. 

Approach: 
(a) Database/ knowledge base conversion for Internet server based 

processing. 

(b) Entire code conversion to Internet. 

(c) Appropriate client design. 

9. 7.2. Technology requirements in transference 

9. 7.2.1. Web connectivity 

Web connectivity of software system to make it accessible was prime concern. 
Language selected needed to be capable to connect the program for access 
through Web. Interface through popular and standard Web-browsers using GUI 
capabilities is basis for better utility of ES over Web. Also, the system developed 
required to handle multi-user interaction and manage client users. 

9. 7 .2. 2. Database connectivity 

Since case data, knowledge base are to be accessed and processed in the 

system, database connectivity is essential. Selection of only relevant part of 
data or KB through database queries is necessary parameter for increased 
efficiency of the ES. 

9.7.2.3. Image processing and GUI 

Some times images are very useful in identification task. So, a language with 

image processing capability is a must. Also the GUI is the ideal way to 
communicate with the ES. 
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9. 7.2.4. Knowledge processing and inference 

This capability is most sought after as no ES based on knowledge base can be 
built without it. But at the same time efficiency of processing is important 
feature for an Internet based system. 
9. 7 .2. 5. procedural 

Knowledge based needs restructuring for database storage and access. This 
constraints the inference procedure. RETE algorithm implementation procedure 
needed to modify to firstly access facts and rules and then make inferences in 
working memory. 

9. 7.2.6. Hardware and setup 

It is urgent to investigate the hardware, environment and hosting and 
connectivity issues while transference to the Internet based system from an 
existing legacy system. The issues had been classified into hardware setup when 
deploying on server and environment factors when using it on Internet. These 
are listed in the table below: 

Table 9.6. Hardware and setup. 

PC based ES W~b Based Expert Information 

~~tem _{WBEIS) 
Single PC Dedicated Web server or server 

sJla<:e and hosting_. 
Legacy software, C++ Software sup[port I Java virtual 

runtil:n~,, D~~base ~uPOrt machine /Database sl:Jpport 

Operating system Wei:) server I Internet Operating 
System platform 

9.8. Tools and languages available 

Several tools and languages are available for developing Internet based 
applications, !n general, these employ traditional expert system techniques and 
offer in addition the capacity for Web based development. Some of them are 
discussed below. 

ExSys by Multilogic is an expert system shell incorporating rule based and fuzzy 
reasoning. An Internet based runtime component supports client-server designs 
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through CGI scripts and can integrate other server-side components. Additional 
technical information is available at http: I /www.multilogic.com/solutions/. 

Acquire, by Acquired Intelligence Inc., is an expert system shell that also 
includes a knowledge acquisition tool. Acquire's knowledge structures include 
qualitative influence graphs, decision tables and traditional rules. Inference can 
be both rule based and pattern based. The development of Internet based user 
inferences is supported through a client-server development kit that supports 
Java and ActivX controls. Additional information, including demos, is available 

at http:/ /www.aiinc.ca. 

The Java Expert System Shell (Jess) is an expert system shell in Java that 
processes a CLIP-like rule based language. Jess includes backward chaining as 
well, and has many object-oriented features including a direct interface to Java 
components. Details information is available at 
http: I /herzberg.ca.sandia.gov /jess. 

XpertRule KBS is a rule based expert system shell that interfaces over the Web 
with a thin client using Microsoft's Active Server Page technology. Additional 

information is available at http: I /www.attar.com. 

KB Agent by Explorer Reasoning Systems is an expert system shell based on the 

SOAR system of Allen Newell. It includes a CORBA interface for Internet based 
applications. More information and demos are available at http: I /www.ers.com. 

Perl. offers language and scripting facilities. It can be used as programming 
vehicle to develop inference engines. The Web servers can communicate with 

Perl through CGI. The inference engine can be designed and implemented in an 
Unix/Linux environment by using Tripod CGI-Perl Module. Information can be 
obtained from http://www.tripod.com/. 

9. 9. Web based version of child fever management at home 

Web based Child Fever Management (CFM) at home is a rule based online 
prototype knowledge-based system for management of febrile child at home by 
their parents. The system accepts observed sign and symptoms of the febrile 
child, suspected by their parents through HTML page(s). The inputs are than 
submitted to the inference engine in the server side. These inputs are then 
submitted to the inference engine in the server. After processing, the advice(s) 
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is/are displayed online. After submitting the parameters such as temperature, 
site of measurement, age etc., one can get the advice online. 

9. 9.1. Parameters of febrile child considered in CFM 

Physicians have recognized fever the abnormal elevation of body temperature, 
as a sign of disease and the problem is one of the most frequently encountered 
in clinical pediatrics. The problem of determining early and appropriate 
recommendations remains a major challenge to the pediatrician. 

It is difficult to pinpoint the lowest temperature elevation that is definitely 
abnormal for all children under all circumstances. Some children normally have 
a rectal temperature as low as 36.2°( (9TF) or as high as 38°C (100.4°F). 
Children, like adults, also normally have diurnal variations in temperature with 
the peak usually occurring between 5:00 and 7:00 PM. Factors such as excessive 
clothing, physical activity, hot weather, digestion of food, and ovulation can all 

raise temperature in the absence of disease. 

Physicians have a role in educating parents about fever phobia. Fever seldom is 
harmful. It does cause an individual to feel uncomfortable. On the other hand 
fever does many positive things, such as interfering with viral replication and 
increasing leukocyte chemotaxis. Rarely an extreme fever (temperature greater 
than 41.1 oc or 106°F) may pose a risk to a child in and of itself, and demand 

immediate consultation with doctor. Fever is a symptom (sign), not a diagnosis 

in and of itself. The main task facing the physician is to make a diagnosis and to 

treat the underlying disease causing the fever. 

The evaluation and clinical decision-making process begins with complete 
physical observation and known facts (history). The physical observation should 
focus on alertness, responsiveness to parents, examiner, and objects, irritability 
or lethargy, respiratory status, color, feeding activity, and age-related 
appropriate motor activity. 

The above consequences are often caused parental anxiety. Fast and aggressive 
treatment is therefore discarded and recommended immediate home 

management includes medical and non-medical intervention. The treatment 

options ranges from simple ones like fluids intake to those requiring constant 
monitoring like temperature reading. The pros and cons of fever and its 

management have been discussed in details in chapter 8. For designing this 

prototype system, the parameters considered are presented below in table 9. 7. 
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Table 9.7. Parameters considered in CFM. 

Parameters Values/Sign a Symptoms 

Age Days/ Months/Years 

Weight of Child Pound/KG 

T;hennqme\er>Site AnnpitfOral!Tympanic/Rectal 

Tenu>er~ture Centigrade /F(lhrenheit 

FtNer Persist Ho1.1rs 
Associated Symptoms: 0 Ear Pain o Stomach Pain 0 Back Pain 

0 Runny Nose o Barking Cough o Stiff Neck 

0 Confusion o Excessive Irritability o Tired 
Through o Listlessness o Severe Headache o Sore Throat 
Observation o Vomiting o Breathing Problem o Seizure 

0 Diarrhea 0 Painful/Frequent Urination 
o Yellow urine o Red Rash with Small Bumps on Face 

0 Blister over Face/Chest/Back/Stomach 

0 R~ent OTP /MJAR Shot <>Cancer 
' ,·; . -~\ ; :· ., ; ' ·' ,,. ' 

<> Recent Outstation/Foreign Visit 0 Heart Disease 
Known Facts o lung Disease <> Kidney Disease 

0 Diabetics <> Any Major Disease 

9. 9.2 Knowledge engineering 

A vital part of building expert system is to acquire the knowledge needed to 
achieve a desired level of performance. The system's knowledge had been 

acquired from 33 medical web-sites [18] following the guidelines for managing 
child fever at home supplied by El-Radhi and Caroll and their recommendations 
[19]. 

A rich knowledge base is the primary source of power of any medical decision 

support system even if the implementations are quite different. Since it is 

evident that no single source covered the entire spectrum of medical knowledge 
of a particular domain, hence elicitation of knowledge from similar sources has 
been adopted. Thus the partial and unstructured knowledge acquired from 
different web-sites were structured and formalized by the authors, the 
knowledge engineers. Knowledge acquisition from different web sources were 
analyzed statistically [18] and transformed to a decision support system. All 
possible set of observations were structured in such a way that the HTML forms 

for input could be effectively designed. The inference engines in the server side 

205 



have been designed using Perl programming language, where rule based 
representation is more suitable. So the acquired knowledge is represented in 
rule based form for later implementation. In the process, a pediatrician having 
long years of experience was consulted including her assistance in the 
performance evaluation process. The expert had been consulted through 
structured interviews and judgments for different sets of possible observations 
were recorded in structured forms. 

9.9.3.Architecture of CFM 

The system was designed for parents to aid the decision management of febrile 
child. The block diagram of the system is shown in Figure 9.1. The system has 
been developed using PERL modules that dynamically generate HTML. The 
system asks for inputs related to the status of the child caused by fever. The 
users are to submit the input information using HTML forms available in the 
expert system. On-line processing will be done and you will get immediate 

advice. Furthermore some well-known diseases, if any, are to be chosen for 
input data. Production rules have been used to design the inference engine and 
a good level of accuracy is achieved. 

SERVER SIDE www 

Inference Engine 
( Fever Status Detection ) 

~ 
/ ~ 

L ~ 
INPUT I OUTPUT 

(I. Status of Febrile Child) (I. Home Management: NDT/ DT) 
(2. Immediate Call Doctor) 

I CLIENT SIDE I 

Fig. 9.1. Block diagram of the system. 
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Forward chaining with this rule base knowledge performs the reasoning as 

follows. 'IF [5} THEN [A}' rules have been used for inferences, where [S} is the 

child's symptoms, [A} is the advice. 

The format chosen for definition of rules allows flexibility in structuring the 

knowledge. An antecedent of any rule may be a composite of a number of 

clauses or atomic propositions connected via the logical operations .AND. (&&) 

and .OR. (II). As inference propagates from temperature (starting with inputs) 

to the advice [goals: Home Management with non-drug treatment (NDT) or with 

drug treatment (DT) or Call Doctor}, forward chaining of rules had been found 

suitable in this case [20]. An example of decision making rule is: 

if (($qs['age'} <= 3 && Sqs['ageunit'} eq "months") II ($qs['age'} <= 90 && 

$qsfageunit'} eq "days") II ($qs[Temperature'} >= 106 && $qs['position'} eq 

"rectum") II ($qs[Temperature'} >= 103 && $qs['position'} eq "armpit" ) II 
($qs[Temperature'} >= 105 && $qs['position'} eq "mouth" ) II ($qs[Temperature'} 

>= 104 && $qs['position'} eq "ear" ) II ($qs['type2'}eq "true") II ($qs['type3'}eq 

"true")) then print "Immediate Call Doctor"; 

PEDIATRIC FEVER 
MANAGEMENT AT HOME 

This is an E:t~.'Pert System for Pediatric Fever Management at home 

Developed by Sanjay Kumar Datta & Dr. R K Samanta 
Not for medical use 

Please select the following! 

r age less than 6 months r temperature > 1 06°F r fever for more than 2 days I looks very sick 
r feeling very uneasy r stiff neck r confusion r vomitting r seizure r breathing problem .l.l 

!i}lr,;[ll':;t~~~~;t;··lf¢rx;m:tfu?0"~~1r:\.;;:t;j'•:;0f'ff!llW:II·tM_., ' . ~ 8• · 

Fig. 9.2. HTML input form. 
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Advice 

1. Give paracetamol in a dose of 10-15mglkg every four hours 

2. Spong with tepid water that feels neutral to touch & always give 
paracetamol before sponging 

3. Keep the child lightly dressed, offer fluids frequently, discurage excessive 
activity 

4. Consult your house Physician 

5. NEVER GIVE ASPIRIN 
.:1 

i.,l11w· ·• ~--~-r-rrliltr¥61heti00e·-.------~-

Fig.9.3. Advice. 

9.10. Implementation 

CFM is a web based online expert system. To interact with the user, the systems 
have been designed to use HTML pages as user interface. The inputs are 
accepted through HTML pages as environment variables. When submitted, the 
HTIP request goes to the Web server and the variables are made available to 
the inference engine through CGI. The inference engine sends back the outputs 
back to the Web server and the server sends the output back to the user through 
HTML page. To design inference engine, Perl has been accepted as the preferred 
programming vehicle. The inference engines have been implemented in an 
Unix/Unux based environment by using Tripod Perl Module. A simple block 
diagram will be self explanatory as shown in figure 9.4. 

9.11. Performance evaluation 

CFM was tested vvith the real data collected from the expert. For evaluating the 
system's performance, we had taken 50 random cases. The decisions of the 
system were compared with the decisions of an human expert. We found 85% 
agreement as per the current knowledge base. This online system produces an 
online prescription which can be printed as a hard copy for future reference. 
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User 

HTIP request goes 
to the Web server 

Server sends 
output to the user 

CGI 

Variables are made 
available through CGI 

Inference engine sends 
back output to the Web 

server 

Inference 
engine 

Based on Tripod Perl 
Module 

Fig. 9.4. Block diagram for implementation process of CFM 

9.12. Discussions and conclusion 

We presented the paradigm of a web-based decision methodology. The practical 
promise of the system framework has been demonstrated through a prototype 
interactive implementation and a comprehensive case study in Pediatric Fever 
Management to meet up critical needs of the parents to avoid aggressive and 
inappropriate call to doctor. Suitable Graphical User Interface (GUI) components 
incorporated in the input forms provide facility to select and deselect multiple 
options from a menu. The system is more expressive and efficient than the 
biased and partial advice available in medical web-pages. The high-level 

modeling constructs and the multiple graphical perspectives allow simple and 
explicit specification of the decision factors and constraints. It is a user-friendly 
system and needs almost no training for its use. Linguistic variable inputs and 
outputs, which are in natural language and commonly used terms, add 
advantages to a layman or a lesser trained person seeking advice for proper 
management of febrile child. The system shows good performance as evident 
from its performance evaluation. Here the input form is designed on the basis of 
domain knowledge. As child fever is a common phenomenon across the global 
community and the system is web accessible, the user observations may extend 
to the scope of input forms and knowledge bases in any particular case. The 

system leaves scope for further refinement in this direction before launched to 
be full scale systems. 
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I CHAPTER 10 

Neonatal Resuscitation Management using Case-Based Reasoningt 

1 0.1. Introduction 

The Neonates (0-4 weeks of age) are the high risk group of pediatric problem 
domain. The resuscitation management is most important in neonatal care. The 
neonatal resuscitation prevents the morbidity and mortality associated with 
hypoxic-ischemic tissue (brain, heart, kidney) injury and re-establishes 
adequate spontaneous respiration and cardiac output [1]. Approximately 5% to 
10% of the newly born population require some degree of active resuscitation at 
birth (e.g., stimulation to breathe) [2], and approximately 1% to 10% born in the 
hospital are reported to require extensive ventilation [3]. More than 5 million 
neonatal deaths occur worldwide each year. It has been estimated that birth 
asphyxia accounts for 19% of these deaths, suggesting that the outcome might 
be improved for more than 1 million infants per year through implementation of 
simple resuscitative techniques [ 4]. Although the need for resuscitation of the 
newly born infant often can be predicted, such circumstances may arise 
suddenly and may occur in facilities that do not routinely provide neonatal 
intensive care. Thus, it is essential that the knowledge and skills required for 
resuscitation be taught to all providers of neonatal care. 

Resuscitation need to be assessed for the need to receive one or more of the 
following actions in sequence: 
A. Initial steps in stabilization (clearing the airway, positioning, stimulating) 
B. Ventilation 
C. Chest compressions 
D. Medications or volume expansion 

Progression to the next step is based on simultaneous assessment of 3 vital 
signs: respirations, heart rate, and colour. Progression occurs only after 
successful completion of the preceding step. Approximately 30 seconds is 

t This is based on the publication (Journal of Association for the Advancement of 
Modeling and Simulation Techniques in Enterprises (AMSE), France. Advances in 
Modeling-( Vol.68, No.3, 2007] of the author. 



allotted to complete one step successfully, re-evaluate, and decide whether to 
progress to the next. 

Different levels of resuscitation are required depending on the signs and 
symptoms of a newborn as observed by a medical practitioner. In general, as per 
APGAR-scheme (1] of resuscitation management, these signs and symptoms lead 
to three classified types of illness of the newborns. Different levels of 
resuscitation (Level I, II and Ill) are required for different types of illness and 
the adequate treatment planning is governed. 

Approximate time 

30sec 

~-{ 
' . 
' 

~·K {! 
I 
I 
I 
I 
I 
I 

• 
' • 
' 

' 

Birth 
I 

"'"'"""' 
• Clear of meconium? Routine care 
• Breathing or crying? v •• • Provide warmth 
• Good muscle tone? • Clear airway 
• Color pink? • Dry 
• Term gestation? 

No 

I' Provide warmth 
• Position, clear airway-I (as necessary) 
• Dry, stimulate, repooition 
• Give Oa (as necessary) 

1 • Evaluate respirations. ) Breatltlng I Sup~ive care] : heart rate, and color HR >100 
( andplnll: 

Apnea or HA <tOO 

• Provide positive· V•ntilating 
Ongoing care -, pressure venijlation' HR >100 

and pinlc 

HR<60 HR>80 
····-l • Provide positive-pressure ventilabon • 

• Administer chest compressions 

HAdiO 

I• Administer 
I epinephrine' 

( 'Endotracheal inltJbation may ) 
be constdered al 5Mtal Slep$ 

Fig. 10.1. Algorithm for resuscitation of the newly born infant [5]. 
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For the efficient management of neonatal problems, various automated 
computer aided consultation system in an expert system (ES) framework have 
been proposed. Though rule-based expert systems are more common, but they 
are criticized for some shortcomings. Rules may be difficult to be elicited and 
formalized, unmanageably large in number, and may not be sufficient to 
characterize expert performance. 

As an alternative, Case Based Reasoning (CBR) systems reason using analogy 
concepts rather than the pure decision tree (or If-THEN rules), usually adopted 
in rule-based systems. CBR deals with the repository of cases, and each 
experience and solution or outcome is retained in the case base for reuse and 
future reference. In medical domain, case bases may become an invaluable 
knowledge resource that might be utilized as a reference in diagnostic, 
treatment planning and outcome evaluation process. CBR methodology mirrors 
the type of reasoning from experience employed by medical professionals and 
corresponds to medical problem solving in many ways. Several medical CBR 
systems have already been reported in various literatures [6-12], but, however, 
to our knowledge, CBR has not been applied to the current problem domain of 
Neonatal Resuscitation Management. 

Designing of a feature based CBR for diagnostic task is a two step process: 
proper selection of a set of potentially optimal feature subsets and design and 
implementation of a robust classifier. Feature selection is a preprocessing step 
to design a classifier. So it is encouraged to develop sophisticated feature 
selection methods to reduce the cost and complexity of the classifier and to 
improve accuracy, visualization and comprehensibility of the induced concepts 
[13]. 

Feature selection can be defined as finding a subset of relevant features among 
the set of original features. It has proven to be an effective means when dealing 
with large dimensionality with many irrelevant features [14, 15]. Feature 
selection in CBR for classification is well-researched problem and a lot of 
researches have been conducted for feature subset selection [16 - 28]. But they 
suffer from any one of the shortcomings: computational complexity, classifier 
dependency, large storage capacity and time consuming similarity measures. 
Moreover, most of them are concerned with the retrieval of previous cases/ 
instances which is a complex task. 
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As an alternative, another group of techniques are feature weighting approaches 
[29-32]. It is well known technique used to find a set of weights which assign a 
degree of relevance to every feature for a given task. Feature weight gives a 
measure of relevance. A feature is more relevant the more large the assigned 
weight, the irrelevant features have zero weights. The feature weighting 
methods determine the relevance ranking for every feature based on the 
rationale that a feature is likely to have different values for different classes. 

Selection of features based on relevance (weight) is more appropriate for 
medical domain, where most of the features are presented in linguistic terms 
instead of numerical values. In this regard, a new scalable probabilistic filter 
approach proposed by Ghosh and Samanta [33] (henceforth GS model), can be 
considered as promising one. GS model avoids the need to select relevant 
features 'by hand' and gives more detail information about feature relevance by 
assigning weights to each context specific feature. It also suggests a limit of the 
number of retained cases in the case memory. 

In recent years, the classification task has been enjoying increasing interest in 
the machine learning community. In this context, several approaches like 
Artificial Neural Networks, Probabilistic Neural Networks, k-Nearest Neighbor 
approach, Bayesian Classifier, RBF Networks etc. have been reported [34-44]. 
But the task of determining relevant features to the classification task is one of 
the central problems (45]. 

In our system, the classifier is designed as a single layer neural network. The 
task of learning is done by a CBR method and the classifier accepts the prior 
trained data as inputs. This model can be used for selection of features and 
their relevance related to the context of resuscitation management. The system 
becomes rich with definite known cases obtained from real field and sorts out 
the relevant features for all possible categories and fixes the primary weights 
(Relative Feature Weights) of all features through an evaluation process as 
suggested by Ghosh and Samanta [33]. The features are considered as input 
values and the Relative Feature Weights as the synapse values to the classifier 
respectively. The bias values are also obtained from Relative Feature Weights. 
When a subset of observed features is received, it is then transformed to a 
binary feature vector with elements 1 or 0. The input values thus processed 

reach to the classifier, it fires only when the weighted sum of all the potential 
values exceeds a certain limiting value (bias) of that particular case. The 
successful (fired) cases, if retained in the knowledge base, update the RFWs 
(synapses) of the concerned features. 
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The aim of this work is to apply GS model with some modification to find out 
the subset of features and their corresponding relevance (weight) and applying 
these prior trained data as input to a simple neural network based classifier to 
detect a particular type of illness based on the set of observations. 

The next section presents an overview of the GS model which finds out the 
subset of features and their relevance (Relative Feature Weights) for a 
particular category. Section 10.3 presents the analysis of the neonatal 
resuscitation and architecture for feature selection. In section 10.4, the 
reasoning aspect is described and in 10.5, we present the theoretical 
foundations of the classifier. Section 10.6 presents the classifier system 
architecture. Section 10.7 contains case illustrations for validation of the 
model. We conclude in section 1 0.8. 

10.2. An overview of GS model 

The GS model is based on a case library which contains the real field cases. The 
case library uses a category-exemplar type [46] of case representation where 

knowledge is represented as cases composed of various concerned features. The 
same type of cases forms a category. The cases of same category are grouped in 
a table, called case table. To develop the system in a numerical frame, it is 
assumed that the features, cases and case tables are associated with some 
weights which represent the richness of the parameters and any decision 
regarding training is based on those weights. When a new case appears, all cases 
in the corresponding case table are scanned and an evaluation process estimates 
the values of some numerical parameters (weights) associated with features, 
cases and case tables for further judgment. 

10.2.1. Definitions 

When a new case appears, the initial weight of an element of feature set is not 
known. So an unbiased weight should be considered. This unbiased weight can 
be estimated by 1 /N, where N is the number of elements in the set of features 
or sub-set of features constructing the new case. The feature weight for m-th 
case should be the product of average feature weight (FWav) and the number of 
occurrences (I) of the feature up to m-th retained case in a case table. 
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1 0.2.1.1. Feature weight (FW) 

The Feature Weight ( FWm ) for m-th case : 

FWm = FW(av) m . I (10.1) 

M 

Where FW(av) m = L: FWj J N.M ) 

j =1 

and M is the total number of retained cases. 

10. 2. 1. 2. Case weight (CW) 

It is the sum of the weights of all the possible features constructing the case. 
For m-th case, the Case Weight is 

CWm = L: Fwmi; 1 s; i ::; N (10.2) 

where i represents the number of features contributing the m-th case. 

10. 2.1. 3. Relative feature weight (RFW) 

It is the ratio of the feature weight to the case weight. For m-th case, the 
relative feature weight is 

RFWm = FWm /CWm (10.3) 

10. 3. System analysis and architecture for feature selection 

For resuscitation management, different types of illness are identified based on 

the signs and symptoms of a newborn as observed by a medical practitioner. All 
possible sign and symptoms used for resuscitation management constitute the 

general feature set of the domain. Each feature possesses some defining 

parameters like name, type, value, weight etc as per the requirement of the 
problem domain. 

Each case is represented with a set of features accepted as case descriptors. 

These sign and symptoms (features) lead to identification of 3 possible types of 

illness (Type-1, Type-2 and Type-3). So the case library has been designed to 

contain 3 categories. Each category is allotted to contain the cases of a 
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particular type of illness. The assigned category against each type of illness is 
presented in table 10. 1. 

Table 10. 1. Allotted categories against type of illness. 

e Qf iftf)ess. 

The general feature set contains 34 possible sign and symptoms leading to cover 
these 3 types of illness mentioned above as suggested by APGAR-scheme [1] and 
Goswami [47]. The features are grouped under 5 rubrics as shown in table 10.2. 
Coding of features is used for ease of implementation. 

Table 10.2. General set of features. 

F:ea.tures 

.5. 

15. 
16. and toes blue 
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Ul •. Res. ir"atory Effort 
C1 

33 
34 First touch sneeze 

Observed set of features leading to the definite known cases of illness have 
been supplied to the system sequentially as first cum first serve basis to train 
the system. After each entry, an iterative evaluation process as described in 
section 2 starts to generate the value of RFW of each feature corresponding to 
each category. After each entry, the system updates the values of RFWs and 
tests for optimization with 8 - 10 · 3• A positive result of optimization testing 
indicates that no more field cases are required to train the system. The system 
architecture is presented in figure 10.2. 
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Fig. 1 0.2. System Architecture for feature selection. 

1 0.4. Reasoning aspects 

1 0.4.1. Category 

The structure of the category (case table) in the case library has been designed 
using the category-exemplar model of case representation [46]. This essentially 
means that each case should have a set of features as depicted in fig. 10.3. The 
case memory is embedded in a linked structure of categories (case tables), 
cases and index pointers. Cases are associated with categories and are 
composed off various case descriptors (features). Neighbour cases differ from 
each other in one or small number of features. Different features are assigned 
different importance (Relative Feature Weights) in describing a case. An index 
may point to a case or case table. 

10.4.2. Category selector 

The category selector contains the indexed tables of the feature sets to the 
cases/categories. Depending upon the observed case(s) leading to definite 
goal(s) the category selector points the most appropriate case table(s) in the 
case library and incorporates the new case(s) in the corresponding case 
tables(s). The Relative Feature Weight Generator then becomes activated. 
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Case 1/exemplarl 
Case2/exemplar2 

CaseM/exemplarM 

Casel/exemplarl 
Case2/ exemp lar2 

CaseM/exemplarM 

Fig. 10. 3. Structure of features, categories and exemplars. 

1 0. 4. 2. 1. Relative feature weight generator 

Case l /exemplar I 
Case2/exemp lar2 

CaseM/exemplarM 

The Feature Weight Generator scans the corresponding case table(s) in which 
the new observed case(s) has been incorporated and generates the Relative 
Feature Weight (belief) of the features corresponding to the case(s), through an 
iterative and inductive process described in section 10.2. The generated 
Relative Feature Weight of each feature is then the subject of optimization 
testing. 

10.4.3. Optimization testing 

Optimization testing indicates the end of training. When sufficient numbers of 
definite observed cases are inserted in the case table, the Relative Feature 
Weight of each feature approaches towards stability; that means the system 
becomes optimized. We consider here a threshold value 8 for measuring 
optimization. The relative feature weights of a category are tested for 
optimization with interval of 10 cases. We consider it optimized when 

I RFW m th - RFW (m+10) th I ~ 8 

for all contributing features of the category. This interval may be accepted on 
the argument that the contributions from less than 10 cases might not be 
significant for optimization testing and on the worst case this may increase case 
memory by 10 cases only. 
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10.5. Theoretical foundation of the classifier 

10.5.1. Feature vector (F) 

Feature Vector (F) is a set of elements transformed from the feature set of all 
possible features in a domain. If N is the total number features in the feature 
set of a domain then the F can be represented as: 

[F] 
(10.4) 

where each of the elements F1, F2, .... FN possess a value either 1 or 0 
depending upon the set of observed features. If for a particular observation, the 
i-th feature is observed, then Fi = 1 otherwise it is 0. As an example, if a domain 
consists of total 6 features and for a particular case, features f1, f3 and f6 are 
observed, then the feature set of these 6 features are transformed to a Feature 
Vector as: 

[Fl 

10.5.2. Bias vector (<1>) 

Bias is a critical barrier of the weighted sum above which a case is considered to 
be fired and the fixation of the bias is a vital task to improve the performance 
of the system. In our system, the bias for cases under a category has been fixed 
on the basis of Relative Feature Weights (RFW). We have classified the features 
of each category in 3 sub-sets; (i) weekly-relevant (wr), (ii) relevant (r) and (iii) 
strongly relevant (sr). The features having RFW greater than the arithmetic 
mean (Ma) are labeled as 'strongly-relevant' features. The features having RFW 
in the range between Ma/2 to Ma is the 'relevant' one and features those having 
RFW less than Ma/2 are the 'weekly-relevant'. 
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The rationale for estimation of bias value is based on the theme that at least 
one member of each group should have the contribution and the features with 
highest RFW within each sub-set should have the highest priority to be 
considered in fixing the bias. The bias for i-th category is 

<l>i = [Max( RFWwr) + Max(RFWr) + Max(RFWsr)] i (10.5) 

The Bias Vector is a set where the elements represent the biases (case firing 
threshold) of all the possible categories in the domain. For the present problem, 
the total number of categories in this domain is 3, so the Bias Vector (<I>) can be 
represented as: 

(10.6) 

10.5.3. Synapse matrix (ro) 

Synapse Matrix (ro) is a matrix whose elements are the Relative Feature Weights 
at saturation of all the features constructing the possible categories in a 
domain. After training of the system, the significant and non-significant features 
are identified and the corresponding Relative Feature Weights of all the 

categories are known. These Relative Feature Weights corresponding to a 
category constitutes the row of this Synapse Matrix. An element of the row will 
be considered as 0 (zero) if the corresponding feature has no contribution (non

significant feature) to that particular category. For the present problem, ro is a 
3x34 matrix because the number of categories is 3 and the total number of 
features in a domain is 34. Them can be represented as: 

I COt. I 0) 1.2 0)1,3 . . 0) 1.34 l [ffi] = co2,1 co2,2 0)2,3· . co2,34 (10.7) 

roJ, 1 roJ,2 
r.,_ -

...• ro3.34 L VJJ,J. 
.J 

Where ro11 is the Relative Feature Weight (synapse) of feature-1 of the 
category-1, ro12 is that of feature-2 of the category-1 and so on. 
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10. 5.4. Activation value (X) and the system output (Y) 

The general model of the classifier consists of a summing part followed by an 
output part. In this case, we have considered the classifier as a single layer 
neural network of McCulloch-Pitts (MP) model of neurons [48]. The number of 
neurons or nodes in the network is equal to the number of possible categories in 
the problem domain. The Activation Value is given by a weighted sum of input 
values and a bias term. The output signal is typically a nonlinear transfer 
function of the activation value. If F1, Fz, F3 •••• FN be the elements of the 
Feature Vector (F) and Wi1, COiz, con, ..•.• coiN are the synapse values for i-the 
node, then the Activation Value (Xi) for i-th node can be represented as: 

N 

xi = 2: coii .Fj -<Pi 
j= I (10.8) 

Where, N is the total number of features in the domain. 

Then the output value of the i-th node can be defined by the output function 

The transfer function, that we have used is a binary function, where 

fu._,) 1. ifx > o 
0, if X<; 0 

If /(xi) = 1, the i-th category is considered to be fired; otherwise not 
considered. The McCulloch-Pitts model for i-th neuron is shown in figure 10.4. 

Feature 
\(~~t(,)r: 
a~Jflpu~s 

Feature 
Wtiights 
a~~in~e 

N 
~ ... 
L COij·ri -<Pi 

j = 1 

Fig. 10.4. McCulloch-Pitts model of a neuron. 
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10. 6. Classifier system architecture 

After the training, when a new case appears, the system receives the set of 
observed features of the new case and the Feature Vector Generator transforms 
observed feature set to Feature Vector (F). The system activates the Synapse 
Matrix Generator. The Synapse Matrix Generator then scans the case library to 
pick up the Relative Feature Weights of all the features for all categories and 
generates the Synapse Matrix (ro) according to equation (10. 7). The Bias 
Vector Generator calculates the bias of each category and constructs the 
Bias Vector (<t>). 

The classifier calculates the activation values (X) of the new case against each 
category and generates the outputs (Y) by using the transformation function. 
The categories for which the output is 1 are the classified category that is, the 
new case is of the type of this category. The block diagram of the system 
architecture is presented in figure 10.5. 

Start 

L 
Input 

New Case 
(set of observed 

features) 

Case 
Library 

(Trained 

~ 

I 
1... ................ - ........................ . 

Feature Vector 
Generator 

Synapse Matrix 
Generator 

Bias Vector 
Generator 

If retained ............................... - ......................................... . 

Fig. 10. 5. Block diagram of the system architecture. 
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The classifier is a single layer neural network of McCulloch-Pitts model of 
neurons. For the present domain, the number of possible categories is 3, so the 
classifier contains 3 neurons (nodes). Each neuron is responsible to classify a 
particular category. The block diagram of the classifier is presented in figure 

10.6. 

·. f:eaiuie 
Ve~t<ir: 

{ij 

Fig. 10. 6o Block diagram of the classifier. 
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Each neuron of this neural network accepts Feature Vector, Bias Vector and 
Synapse Matrix as inputs. The neuron then generates the Activation Value and 
gives output by using transfer function. Depending upon the output value, the 
case is considered to be classified. 

Functionality of the proposed classifier architecture is illustrated in the 
following steps: 

Step 1: Input set of observed features for new case. 

Step 2: Generate feature vector from the observed set of features. 

Step 3: Generate Synapse Matrix by using case library. 

Step 4: Generate Bias Vector by using case library. 

Step 5: Calculate the Activation Value of new case against each case. 

Step 6: Calculate the Output against each category by using transfer function. 

Step 7: If Output == 1 for any category, then the case is classified to that 
category. 

10.7. Case illustrations 

At the end of the feature selection process, as a result, the significant features 
corresponding to each category are identified by the system. The features 
obtained with RFW # 0 are the significant features and that of with RFW = 0 are 
the non-significant or noisy features. RFW = 0 indicates that, the noisy features 
have no contribution to a particular category and can be discarded. 

The Relative Feature Weights of the significant features obtained against each 
category constitutes the non-zero elements of the Synapse Matrix. The 
identified significant features and RFWs (elements of Synapse Matrix) at 
optimization for each type of illness are presented in tables (10.3 - 10.5). 
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Table1 0. 3. Identified significant features with their code and RFWs (elements 
of synapse matrix) for Type-1 illness. 

Feature Sisnificant features 
codes 

A1 Musele Tone of Limbs: Flaccid 
A3 Muscle Tone of Limbs: fle~don at two joins and rest 

flae~id ·l:;flp + Shou.ll;ier 

E2 

RFWs 
(non-zero elements 
of synap~e matrix) 

ID1 01 = 0.22.0 
ID1,03 = 0.011 

(1)1,13. = a~c1b 

(1)1 31 = 0.024 

Table 1 0.4. Identified significant features with their code and RFWs (elements 
of synapse matrix) for Type-2 illness. 
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Table 10.5. Identified significant features with their code and RFWs (elements 
of synapse matrix) for Type-3 illness. 

Feature Significant features 
codes 

AS Muscle Tone of limbs: Flexion at four joins and 
X~\::flatcfd (Hi ": Shoulder.+ \VleJ + ElQt>w) 

abno~roal character 

E4 
E5 

1 0. 7. 1 . Case study for Type-I Illness 

RFWs 
(non-zero elements 
of s na se matrix) 

(t)3,05 = 0.023 

(t)3, 16 = 0.110 

(t)334 =0.118 

The values of RFWs of significant features (presented in codes) obtained against 
increased number of retained cases (NRC) for type-1 Illness category is presented 
in table 10.6. as a representative one. 
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Table10.6. The significant features and their RFWs for type- I Illness . 

. 14 
1~ 
16: o,a~7. 

17 O;lit (t,~f1' .0,0.2$ 0.~16 

18 o.az~· ·a~~· o,ozs 0.326 0.144 

19 0.230 {).008 0.()23 0.324 0.152 0.()32 

20 ().234 O.QQ7 0.066 0.029 o.QQz ().020 o~323 0.158 0.()29 

21 0.238 0.00'1 0.1()6 0;059 0;026 0.007 0.()36 0.019 0.324 0.144 0.036 

22 0.221 0.011 0.098 0.()68 0.025 o.o11 0.033 0.017 0.330 0.153 ().03.3 

23 0.223 0.010 0.105 0 .. ()62 0.022 0.010 0.03.1 0.022 0.327 0.158 0.031 

24 0.226 0.()09 0.095 0,069 0.02:8 ();009 0.()28 0.020 0.325 0.163 0.()28 

25 0 .. 230 0;009 (l.Q09 0,034 0.326 o.034 
26 0.215 

27 

2:8;. 
29 ... · 

30. 

31 o.ozz · o.o22 0.327 
li. o~tt6. .o.o11 o.on ·o,oi4. 0;611 0.026 0.020 0~328 0.170 ().()26 

33 0.219 0.011 0.097 0.067 0.024 0.011 0.024 0.024 0.326 0.172 0;024 

34 ().208 0.014 0.092 0.073 0.023 0.014 0.023 0.023 0.329 0.178 0.023 

35 0.211 0.013 0.098 0.069 0.022 0.013 0.027 0.022 0.330 0.169 0.027 

36 0.213 0.013 0.101 0.065 0.021 0.013 0.026 0.026 0.329 0.171 0.026 
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The relative feature weights plotted against the number of cases retained (RFW
curve) are shown in the graphs (figs. 10.7- 10.17). 

0.300 .... --------------, 

0.250 

R0.200 · 

f0.150 +-------------....; 
Wl.100 +-------------....; 

0.050 

0.000 
0 10 20 30 40 50 60 70 80 I 

No of cases 

Fig.10.7. RFW curve of Feature A1 of Type-1 illness. 

0.028 ·--···-··-···--·~---.. - ... --~··--··-·-

0.024 +-::--------------; 
0.020 

R) 016 
F 
v@ 012 
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0.004 

0 000 
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Fig.10.8. RFW curve of Feature A3 of Type-1 illness. 
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Fig.10.9. RFW curve of Feature B3 of Type-1 illness. 
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Fig.10. 10. RFW curve of Feature B5 of Type-1 illness. 
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Fig.10.11. RFW curve of Feature C1 of Type- I illness. 
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Fig.10.12. RFW curve of Feature C3 of Type-1 illness. 
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Fig.10.13. RFW curve of Feature C4 of Type-1 illness. 
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Fig.10.14. RFW curve of Feature C6 of Type-1 illness. 
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Fig.10.15. RFW curve of Feature 02 of Type-1 illness. 
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Fig. 1 0.16. RFW curve of Feature E1 of Type-1 illness. 

0 250 

0.200 

~ 0.150 '\ 
w 0.100 

0.050 

.I~. A=..-..-· -ft:--0.000 

0 1 0 20 30 40 50 60 70 80 
No of cases 

Fig.10.17. RFW curve of Feature E2 of Type- I illness. 

235 



Now let us proceed to calculate the bias values (elements of Bias Vector) for 
each category. As a primary task to calculate the bias, the type of the features 
(i.e. Strongly relevant, relevant or weekly relevant) are identified based on 
arithmetic mean and the elements of bias vector have been calculated by using 
equation (10.5) and presented in the table 10.7. 

Table 10.7. Elements of Bias Vector. 

Bias values 
<l>t = 0.421 
ella= 0.430 

Now the system is ready to classify the new cases. 

To test the performance of the system, more than 40 definite and real field 

cases of the problem domain were supplied to the system to classify the cases. 
The system classified all of them accurately. Two examples are presented here. 

Case example 1. 

The observed set of features and feature codes for case example 1 are: 

1. Muscle Tone of Limbs: Active movement (A8) 
2. Color: Whole body pink; nails of toes blue (B10) 
3. Respiratory Effort: Rate abnormal character rhythmic (C6) 
4. Heart Rate: Normal (100- 140) (03) 

5. Reflex Stimulation: First touch sneeze (E5) 

Case example 2. 

The observed set of features and feature codes for case example 2 are: 
1. Muscle Tone of Limbs: Flaccid (A1) 
2. Color: Face, trunc, upper arm, thigh pink; rest blue (65) 
3. Respiratory Effort: Rate abnormal character rhythmic (C6) 
4. Heart Rate: Below 100 (02) 

5. Reflex Stimulation: No response (E1) 

On the basis of the observed feature sets, the classifier generates the activation 

values of the above cases in respect of all the categories and uses the transfer 
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function to classify the cases of specific categories. The activation values and 
the classification of cases by the system is shown in tables 10.8 and 10.9. 

Table 1 0.8. System's output verses actual field observation for Case example 1. 

Categories I: ro. F Cl> X y Classification Actual field 
by the system observation 

1. type-1 O.Ol2 0.421 -0.399 0 
2. Type.,2 o-~9·() OA30 -0.()40 0 Type- 3 
3. Type-3 o~731 0.431 +0.300 1 Type- 3 

Table 10.9. System's output verses actual field observation for Case example 2. 

·.Ctt~s,\fi~ct~i<>,q 
:~". .,. 

~~~~~~~~~~~~ ~~~~~~~~~ 

Type -1 

0.431 () 

1 0.8. Conclusion and discussion 

Our system sorts out the significant features along with their relative feature 
weights and the non-significant features are ruled out after having the field 
cases during training. The learning is robust in the sense that it avoids irrelevant 
storage. The method is computationally efficient in polynomial order in its 
learning when provided with finite number of training examples. This also helps 
in estimating the number of retained cases for a problem domain. This estimate 
should be useful for the development of a case-based knowledge system for the 
domain of interest. Here it has been assumed that the features in the feature 
set are mutually independent. 

From the above examples, it is evident that the proposed approach might be 
considered as a potential approach for classifier type of problems using CBR. As 
the system gets trained with real field cases, no heuristics or approximate 
estimation is concerned and thereby reducing the uncertainty to a great extent. 
The only uncertainty, if any, is involved with the real field data for the new 
cases. It is a hybrid system of case-based reasoning and classifier approach. The 
classifier removes the problems associated with retrieval and adaptation of CBR 
and CBR eliminates the problems concerned with the training of a classifier. It is 
a system where the merits of CBR and classifier have been clubbed. 
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APPENDIX A 

Results of case studies for Type- II and Type-Ill illness of resuscitation 

The significant features and their RFWs for type-11 Illness 
SLNO RFW1 RFW2 RFW3 RFW4 RFW5 RFW6 RFW7 RFW8 RFW9 RFW10 

1 0.200 0.000 0.000 0.200 0.000 0.200 0.000 0.200 0.000 0.200 
2 0.083 0.083 0.083 0.083 0.000 0.083 0.083 0.333 0.083 0.083 
3 0.150 0.039 0.039 0.039 0.039 0.150 0.039 0.333 0.150 0.039 

~-

4 0.083 0.083 0.083 0.021 0.021 0.083 0.083 0.333 0.188 0.021 
5 0.123 0.055 0.055 0.055 0.014 0.123 0.055 0.342 0.123 0.055 

~-

6 0.085 0.085 0.085 0.037 0.008 0.085 0.085 0.340 0.150 0.037 
7 0.113 0.064 0.064 0.064 0.007 0.113 0.064 0.343 0.113 ' 0.064 
8 0.134 0.049 0.049 0.049 0.021 0.134 0.049 0.340 0.134 0.049 
9 0.106 0.068 0.068 0.038 0.017 0.106 0.068 0.342 0.152 0.038 

10 0.084 0.084 0.084 0.030 0.014 0.084 0.084 0.338 0.166 0.030 
11 0.101 0.070 0.070 0.045 0.011 0.101 0.070 0.343 0.139 0.045 
12 0.117 0.060 0.060 0.038 0.021 0.117 0.060 0.341 0.152 0.038 
13 0.127 0.049 0.049 0.032 0.032 0.127 0.049 0.337 0.162 0.032 
14 0.110 0.062 0.062 0.028 0.028 0.110 0.062 0.338 0.173 I 0.028 
15 0.120 0.053 0.053 0.023 0.037 0.120 0.053 0.334 0.179 0.023 
16 0.132 0.047 0.047 0.033 0.033 0.132 0.047 0.337 0.159 0.033 

r- 17 0.139 0.041 0.041 0.028 0.041 0.139 0.041 0.333 0.165 0.028 I 

18 0.125 0.050 0.050 0.026 0.037 0.125 0.050 0.335 0.175 0.026 
! 19 0.132 0.045 0.045 0.023 0.045 0.132 0.045 0.331 0.179 0.023 
r- 20 0.141 0.041 0.041 0.030 0.041 0.141 0.041 0.333 0.163 0.030 

~-- ~i 0.128 0.049 0.049 0.027 0.037 0.128 0.049 0.335 0.171 0.027 I 

0.136 0.044 0.044 0.034 0.034 0.136 0.044 0.336 0.1571 0.034 j r--- 23 0.142 0.041 0.041 0.031 0.041 0.142 0.041 0.333 0.161 i 0.031 1 
24 0.131 0.047 0.047 0.029 0.037 0.131 0.047 0.335 0.168 0.029 1 

25 0.138 0.044 0.044 0.034 0.034 0.138 0.044 0.336 0.155 0.034 
26 0.128 0.050 0.050 0.032 0.032 0.128 0.050 0.337 0.162 0.032 l 
27 0.134 0.046 0.046 0.038 0.029 0.134 0.046 0.338 0.150 0.038 
28 0.125 0.052 0.052 0.035 0.028 0.125 0.052 0.339 0.156 0.035 

r 29 0.131 0.049 0.049 0.033 0.033 0.131 0.049 0.340 0.146 0.040 I 

30 0.123 0.055 0.055 0.031 0.031 0.123 0.055 0.343 0.138 0.046 
31 0.129 0.051 0.051 0.036 0.029 0.129 0.051 0.343 0.129 I 0.051 
32 0.121 0.057 0.057 0.033 0.027 0.121 0.057 0.344 0.134 0.048 
33 0.126 0.053 0.053 0.038 0.026 0.126 0.053 0.344 0.126 0.053 
34 0.130 0.050 0.050 0.036 0.030 0.130 0.050 0.342 0.130 0.050 
35 0.124 0.055 0.055 0.034 0.028 0.124 0.055 0.343 0.136 0.048 
36 0.117 0.060 0.060 0.032 0.027 0.117 0.060 0.344 0.140 0.045 
37 0.122 0.057 0.057 0.036 0.025 0.122 0.057 0.344 0.133 0.049 
38 0.115 0.061 0.061 0.034 0.024 0.115 0.061 0.344 0.137 0.047 
39 0.119 0.058 0.058 0.033 0.027 0.119 0.058 0.343 0.141 0.044 
40 0.114 0.062 0.062 0.031 0.026 0.114 0.062 0.343 0.145 0.042 
41 0.117 0.059 0.059 0.029 0.029 0.117 0.059 0.342 0.149 0.040 
42 0.122 0.056 0.056 0.033 0.028 0.122 0.056 0.343 0.142 0.044 
43 0.125 0.053 0.053 0.031 0.031 0.125 0.053 0.341 0.145 0.042 

- ---



44 0.119 0.057 0.057 0.030 0.030 0.119 0.057 0.342 0.148 0.040 
45 0.123 0.055 0.055 0.028 0.033 0.123 0.055 0.341 0.151 0.038 
46 0.126 0.052 0.052 0.032 0.032 0.126 0.052 0.341 0.145 0.041 
47 0.121 0.056 0.056 0.030 0.030 0.121 0.056 0.341 0.149 0.040 
48 0.125 0.053 0.053 0.033 0.029 0.125 0.053 0.342 0.142 0.043 
49 0.128 0.051 0.051 0.032 0.032 0.128 0.051 0.341 0.145 0.041 
50 0.123 0.055 0.055 0.031 0.031 0.123 0.055 0.341 0.149 0.040 
51 0.126 0.053 0.053 0.033 0.029 0.126 0.053 0.341 0.143 0.043 
52 0.129 0.050 0.050 0.032 0.032 0.129 0.050 0.340 0.146 0.041 
53 0.132 0.049 0.049 0.035 0.031 0.132 0.049 0.341 0.140 0.044 
54 0.127 0.051 0.051 0.034 0.030 0.127 0.051 0.341 0.143 0.042 
55 0.130 0.049 0.049 0.032 0.032 0.130 0.049 0.340 0.146 0.041 
56 0.126 0.053 0.053 0.031 0.031 0.126 0.053 0.341 0.149 0.039 
57 0.129 0.051 0.051 0.034 0.030 0.129 0.051 0.341 0.144 0.042 
58 0.124 0.054 0.054 0.033 0.029 0.124 0.054 0.341 0.147 0.041 
59 0.127 0.052 0.052 0.035 0.028 0.127 0.052 0.341 0.141 0.043 
60 0.129 0.050 0.050 0.034 0.031 0.129 0.050 0.341 0.144 0.042 
61 0.132 0.048 0.048 0.037 0.030 0.132 0.048 0.341 0.139 0.044 

r= 62 0.128 0.051 0.051 0.035 0.029 0.128 0.051 0.341 0.142 0.043 
63 0.131 0.050 0.050 0.038 0.028 0.131 0.050 0.341 0.138 0.045 

! 64 0.133 0.048 0.048 0.037 0.030 0.133 0.048 0.340 0.140 0.044 
-- 65 0.135 0.046 0.046 0.036 0.032 0.135 0.046 0.339 0.142 i 0.0431 

66 0.131 0.049 0.049 0.035 0.031 0.131 0.049 1 0.340 0.144 i 0.041 
67 0.133 0.047 0.047 0.033 0.033 0.133 0.047 0.339 0.146 i 0.040 i 
68 0.136 0.046 0.046 0.035 0.032 0.136 0.046 0.339 0.142 0.042 
69 0.137 0.044 0.044 0.034 0.034 0.137 0.044 0.338 0.144! 0.041 
70 0.134 0.047 0.047 0.033 0.033 0.134 0.047 0.339 0.146 0.040 --
71,0.136 0.045 0.045 0.032 0.035 0.136 0.045 0.338 0.148 0.039 I 
72 0.138 0.044 0.044 0.035 0.035 0.138 0.044 0.338 0.144 0.041 i 
73 0.135 0.046 0.046 0.034 0.034 0.135 0.046 0.339 0.146 ~ 0.040! 
74 0.137 0.045 0.045 0.036 0.033 0.137 0.045 0.339 o.143 r·o.o42l 
75 0.138 

+-------< 
0.044 0.044 0.035 0.035 0.138 0.044 0.338 0.144 I ___ 0.041 ~ 

76 0.135 0.046 0.046 0.034 0.034 0.135 0.046 0.338 0.147 +- 0.040 ~ 
1-

77 0.137 0.045 0.045 0.036 0.033 0.137 0.045 0.339 I o.143 1 o.042 i 
i 78 0.139 0.044 0.044 0.035 0.035 0.139 ' 0.044 0.338 0.144 0.040 

·---··---

The relative feature weights plotted against the number of cases retained (RFW
curve) of Type-11 cases 
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The significant features and their RFWs for type-Ill Illness 

SLNO RFW1 RFW2 RFW3 RFW4 RFW5 RFW6 RFW7 RFW8 RFW9 RFW10 RFW11 i 
1 0.000 0.198 0.000 0.198 0.000 0.000 0.198 0.198 0.000 0.000 0.198 [ 
2 0.000 0.220 0.055 0.055 0.000 0.000 0.220 0.220 0.000 0.000 0.220 i 

3 0.000 0.245 0.107 0.027 0.027 0.000 0.107 0.245 0.000 0.000 0.245 
4 0.000 0.277 0.156 0.019 0.019 0.019 0.068 0.277 0.000 0.019 0.156 
5 0.000 0.281 0.102 0.046 0.046 0.012 0.046 0.281 0.000 0.012 0.179 
6 0.009 0.224 0.141 0.035 0.035 0.035 0.035 0.321 0.009 0.009 0.141 
7 0.007 0.228 0.157 0.024 0.056 0.024 0.024 0.308 0.007 0.007 0.157 i 
8 0.020 0.184 0.184 0.020 0.045 0.045 0.020 0.325 0.020 0.004 0.128 i 

9 0.016 0.197 0.145 0.036 0.064 0.036 0.016 0.326 0.016 0.004 0.145 
10 0.012 0.203 0.156 0.028 0.051 0.028 0.028 0.319 0.012 0.004 0.156 
11 0.025 0.175 0.175 0.025 0.043 0.043 0.025 0.330 0.025 0.003 0.134 
12 0.021 0.182 0.182 0.021 0.036 0.036 0.036 0.323 0.021 0.003 0.144 
13 0.018 0.191 0.154 0.030 0.048 0.030 0.030 0.323 0.018 0.001 0.154 
14 0.015 0.201 0.166 0.027 0.041 0.041 0.027 0.326 0.015 0.006 0.134 
15 0.013 0.205 0.172 0.022 0.051 0.035 0.022 0.319 0.013 0.006 0.142 
16 0.020 0.184 0.184 0.020 0.046 0.046 0.020 0.327 0.020 0.006 0.128 
17 0.018 0.191 0.163 0.029 0.055 0.041 0.018 0.326 0.018 0.004 0.136 
18 0.016 0.198 0.171 0.025 0.049 0.049 0.016 0.327 0.016 0.009 0.122 

I 19 0.023 0.181 0.181 0.023 0.045 0.059 0.014 0.332 0.023 0.009 0.112 i 

! 20 0.021 0.187 0.187 0.021 0.041 0.067 0.014 0.331 0.021 0.014 i 0.100! 
21 0.019 0.193 0.169 0.027 0.048 0.061 0.012 0.332 0.019 0.012 : 0.109 : 
22 0.025 0.178 0.178 0.025 0.044 0.070 0.011 0.335 0.025 0.011 ! 0.100 ! 
23 0.022 0.182 0.182 0.022 0.041 0.077 0.010 0.334 0.022 I. ' , .. -

. 0.016_j__ 0.091 ! 

24 0.020 0.185 0.185 0.020 0.046 0.070 0.009 0.330 0.020' 0.014 J 0.097: 
f-·· 

25 0.026 0.173 0.192 0.019 0.043 0.077 0.009 0.333 0.026 0.013 j 0.090 I 

26 0.024 0.178 0.178 0.024 0.049 0.071 0.008 0.334 0.024 0.012 j 0.0971 

t 27 0.022 0.182 0.182 0.022 0.045 0.066 0.012 0.332 0.022 0.012 I 0.103 1 

28 0.021 0.188 0.171 0.028 0.043 0.062 0.015 0.334 0.021 0.010 0.109 i 
29 0.026 0.176 0.176 0.026 0.040 0.068 0.015 0.336 0.026 0.010 0.103 I 
30 0.024 0.178 0.178 0.024 0.037 0.072 0.013 0.331 0.024 0.013 0.106 
31 0.023 0.183 0.167 0.028 0.042 0.068 0.012 0.332 0.023 0.012 0.111 
32 0.021 0.186 0.170 0.026 0.039 0.063 0.016 0.331 0.021 0.011 0.116 
33 0.019 0.189 0.174 0.025 0.037 0.068 0.015 0.330 0.019 0.014 0.109 
34 0.023 0.179 0.179 0.023 0.035 0.073 0.014 0.332 0.023 0.014 I 0.103 
35 0.022 0.182 0.182 0.022 0.033 0.069 0.017 0.330 0.022 0.013 0.108 
36 0.026 0.173 0.187 0.021 0.031 0.074 0.016 0.332 0.026 0.012 0.102 
37 0.024 0.176 0.189 0.020 0.029 0.070 0.020 0.331 0.024 0.012 0.106 
38 0.023 0.178 0.191 0.019 0.033 0.065 0.019 0.329 0.023 0.011 0.110 
39 0.022 0.182 0.182 0.022 0.037 0.062 0.018 0.329 "' 1"\""1""1 V.VLL 0.010 f\ -11 A 

V.l 1"1' 

40 0.025 0.173 0.184 0.020 0.035 0.066 0.017 0.328 0.025 0.010 0.117 
41 0.023 0.175 0.186 0.019 0.033 0.062 0.019 0.327 0.023 0.009 0.121 
42 0.022 0.179 0.178 0.022 0.037 0.060 0.019 0.328 0.022 0.009 0.125 
43 0.021 0.182 0.181 0.022 0.035 0.063 0.018 0.327 0.021 0.011 0.119 
44 0.020 0.183 0.182 0.020 0.033 0.067 0.017 0.325 0.020 0.011 0.122 
45 0.023 0.176 0.186 0.020 0.032 0.070 0.016 0.326 0.023 0.010 0.117 
46 0.022 0.180 0.178 0.022 0.030 0.068 0.019 0.327 0.022 0.010 0.121 

i 47 0.021 0.182 0.180 0.022 0.029 0.065 0.022 0.326 0.021 0.009 0.124 



48 0.020 0.183 0.182 0.021 0.028 0.068 0.021 0.324 0.020 0.009 0.126 
49 0.023 0.176 0.185 0.020 0.027 0.071 0.020 0.326 0.023 0.008 0.121 
50 0.025 0.170 0.189 0.019 0.026 0.075 0.019 0.327 0.025 0.008 0.117 
51 0.024 0.172 0.190 0.018 0.025 0.072 0.021 0.326 0.024 0.008 0.120 
52 0.024 0.174 0.192 0.017 0.024 0.075 0.020 0.325 0.024 0.010 0.115 
53 0.022 0.177 0.185 0.020 0.026 0.072 0.020 0.327 0.022 0.009 0.119 

--
54 0.025 0.171 0.188 0.019 0.026 0.076 0.019 0.328 0.025 0.009 0.114 
55 0.024 0.173 0.190 0.018 0.024 0.078 0.018 0.326 0.024 0.009 0.117 
56 0.023 0.175 0.183 0.021 0.027 0.075 0.018 0.326 0.023 0.008 0.120 
57 0.023 0.178 0.177 0.023 0.026 0.073 0.020 0.327 0.023 0.008 0.123 

r- 58 0.022 0.180 0.172 0.025 0.028 0.071 0.019 0.328 0.022 0.008 0.126 
59 0.024 0.175 0.174 0.024 0.027 0.074 0.018 0.329 0.024 0.008 0.122 I 

~ 60 0.023 i 0.177 0.176 0.024 0.027 0.076 0.018 0.329 0.023 o.oo9 1 0.118 J 
' 61 0.023 0.179 0.171 0.026 0.026 0.074 0.020 0.329 ! 0.023 0.009! 0.121 J 
l 62 0.022 0.182 i 0.166 0.028 0.028 0.072 0.019 0.330 0.022 0.009 i 0.124 i 
--

63 0.021 0.184 0.168 0.027 0.027 0.074 0.019 0.329 0.021 0.010 i 0.119 : 
64 0.023 0.179 0.171 0.026 0.026 0.077 0.018 0.331 0.023 0.010 I 0.116 i 

65 0.023 0.181 0.166 0.028 0.028 0.075 0.018 0.331 0.023 0.009 0.119 i 
66 0.022 0.182 0.167 0.027 0.030 0.072 0.017 0.330 0.022 0.009 0.121 1 

67 0.021 0.184 0.169 0.027 0.030 0.070 0.019 0.329 0.021 0.009 I 0.123 I 
68 0.021 0.186 0.164 0.029 0.032 0.068 0.018 0.329 0.021 0.009 o.125 I 
69 0.020 0.187 0.166 0.028 0.031 0.070 0.018 0.329 0.020 0.010 I 0.122 1 

f--· 
0.022 I 0.010 0.119 j 70 0.022 0.183 0.168 0.027 0.030 0.073 0.017 0.330 

71 0.021 0.184 0.170 0.026 0.029 0.075 0.017 0.330 0.021 0.011 0.115 i r---
0.117 . 72 0.021 0.186 0.166 0.028 0.031 0.073 0.016 0.330 0.021 0.011 i 

73 0.020 0.187 0.167 0.027 0.033 0.071 0.016 0.329 0.020 o.o1o 1 o.119 1 ,-
74 0.019 0.189 0.169 0.027 0.032 0.073 0.015 0.329 0.019 _0·~-QJ_~ 
75 0.019 I 0.190 0.170 0.026 0.034 0.071 0.015 o.328 1 o.019 , 0.011 j 0.118: 

-·"···-··-·-------.L··-··---···-·-·---....... ---~ ---· 
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ADDENDUM 

Fulfillment of the total objectives of the thesis and Future Scope 

(i) Fulfillment of the total objectives of the thesis 

To reach the objective of the study we have set a number of goals and conducted 

our research accordingly. All specific goals of the study listed in section 1.4 have 

been reached. In this thesis, we planned to do these in steps for which we have 

tried to explore the status of the domain for understanding the needs of the sphere 

of persuade. To meet up the needs of the domain and to achieve our goals, we 

have developed and tested two knowledge-based systems intended for child health 

care management. The first advisory system has been selected to demonstrate the 

usability and acceptability of medical knowledge available elsewhere to medical 

help seekers including health professionals. This system might be useful for 

teaching/training purposes. The later is a consultation system focuses on the 

significant features of input medical knowledge in a complicated real-life decision

making problem, helps in estimating the number of retained cases for a problem 

domain. This estimate should be useful for the development of a case-based 

knowledge system for the domain of interest. Conclusions towards the fulfillment 

of the total objectives of the thesis drawn from our work are as follows: 

It is required to judge carefully the quality of the medical information and its 

characteristics before implementing as it is a question of life and death. Thus we 

have studied different sources of knowledge acquisition - their merits and demerits 

including their statistical importance. A comprehensive study on characteristics of 

Medical Knowledge, use of Expert Systems, issues of selection ES tool, Medical 

Informatics and Cyber Health Care, the usefulness of Artificial Intelligence in 

Medicine (AIM), significance and necessity of ICT-enabled medical services like 

Telemedicine have been included in this thesis chapters 1 through 6. The 

contributions of these studies touch on a wide area and inevitable for development 

of medical applications. We, therefore, fulfilled our first goal of acceptability of 

medical knowledge, particularly for children, available from various sources. 

Our second specific goal was to provide, as much as possible, remedies for 

problems related with content and structure, in particular, to make conscious to 

the parents/ relatives of child patient and advices to consult their physician before 

apply /administer the same. We have studied and identified the sources and nature 



of inexactness of medical knowledge and discussed with examples. A suitability 

analysis of different methods of handling inexactness which seems to be most 

sympathetic to the present problem domain has been discussed in chapter 7. A 

comprehensive study of the web-sources on the basis of published guidelines to 

parents for managing fever at home has been provided in chapter 8; in which we 

have judged the accuracy, quality, completeness, and consistency of some medical 

sites and suggest parents/medical help seeker to be careful before applying the 

same in actual practice. In this way, we have fulfilled our second specific goal. 

We have thoroughly discussed the requirements, implementation details and the 

performance evaluation of our prototype advisory system 'Web-accessible 

consultation systems of Child Fever Management' in chapter 9. The validation of 

the system has been carried out exclusively with experts' opinion and finds 

satisfactory results. We think this kind of system implementation will certainly help 

parents/ caregivers to manage febrile child at home and reduce the unnecessary 

harassment including painstaking traffic in the community hospital/health centers. 

This fulfilled our third specific goal. 

We proposed our fourth specific goal of management and development of 

consultation system by selecting of features and their relevance related to the 

context of child resuscitation management. We have modeled and implemented a 

novel knowledge-based consultation system for better handling of complex, 

voluminous and varying requirements by finding the subset of features and their 

corresponding relevance (weight) and applying these prior trained data as input to 

a simple neural network based classifier to detect a particular type of illness based 

on the set of observations. Performance evaluation has been presented taking 

cases from practitioner's floor discussed in chapter 10 of the thesis. The results of 

our case study indicate that such estimation method and test data sources can 

provide more definite outcome than from the conventional method. This work thus 

strongly fulfilled our fourth specific goal. 

(ii) Future scopes towards further works 

As the performances of our proto-type medical knowledge-based systems are 

significant, hence the transformations to other domains by adding relevant domain 

knowledge are important issues. Moreover, the tools and techniques deployed in 



the present study could suitably be extended to other suitable domains of interest 

of social applicability. 

At present, we are able to model the static aspects of the Advisory System 

comprising only knowledge and operational rules. The rules customized as per the 

design and restricted to address only the home management. This could be 

extended to broader class of decision-making by involving all aspect of clinical 

setting encountered in reality, would be a major task in future work. 

In our system, we allow the user to interactively input their knowledge, It would be 

very difficult to enumerate all the features at design phase in expanded system. 

Therefore, the development of an autonomous knowledge acquisition system of the 

domain is a future challenge for us. The system tools should be developed in close 

cooperation with Knowledge Engineer. 

Currently, all applications uses graphical software to accomplish the design, which 

combines textual reasoning procedures with graphical reasoning procedures, is an 

important area to explore as well. 

The work could further be extended using hybrid techniques AI and Expert 

Systems, Soft Computing and Data Mining techniques - for developing more 

powerful decision support systems. Our efforts are in line to develop such powerful 
systems in future. 

' ' 


