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Abstract 

This study is based on developing an Artificial Intelligence program called Knowledge 

Base System (KBS). It describes an investigation of the conventional Sexual Transmitted 

Infections (STI) syndromic approach problems, opportunities and the alternative 

approach to manage STI. 

The conventional approach which is currently used for managing STL as evidences 

indicated, has little impact on STI management or neither reduces most curable STI nor 

HIV transmission. In addition to this, stigmatizing those who visit, unnoticed 

asymptomatic STI irifections and difficulty of notifYing and managing sexual partner are 

other drawbacks of the conventional approach. Thus, significant portions of the 

population, especially young people, still remain under information poverty about STI. 

According to FHI (2001), a comprehensive approach to manage STI is crucial to 

alleviate such problems by promotion of partner treatment, prevention of reinfection, 

improve health care seeking behavior, effective STI detection, and increase 

awareness of Symptoms or risk One way considered here is designing and 

developing a prototype of KBS called Sexual Transmitted lrifections Knowledge Base 

System (SeTIKoBS). To build this system more than 16 medical staff, nine patients and 

twenty-jive historical cases were involved. Moreover to assess SeTIKoBS performance 

for the task for which it is designed, two evaluation techniques were used. 

From the experiment undertaken, SeTIKoBS evaluators judge the system effectiveness as 

an average rating of 87. 3 percent to manage STI which indicate a success and in some 

situations it is also noteworthy that the system is able to provide more accurate 

management than using conventional methods. 
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CHAPTER ONE 

1.1 Introduction 

Since the past few decades, the world is movmg through tremendous 

technological transformations which hugely affect the way people live and 

work. Computer science has played a major role in this wave of changes and 

one of its fields, Artificial Intelligence (AI), has helped some previously 

unthinka ble things materialized. 

Artificial Intelligence (AI) is on e of the significant branches of computer science 

since the mid 1970's. Robotics, neural networks, machine learning and 

knowledge base systems are some of the applications in AI (Stefic, 1995). 

Knowledge Base System/KBS/ is a computer program that relies on knowledge 

and reasoning to perform a difficult task usually undertaken by human 

expertise (Russell and Norvig, 1995). KBS has proven su ccessful in solving 

problems associated with shortage of human expertise and other arenas of life. 

KBS is gaining ground in quite a number of areas. Medicine is one of those, 

which has enjoyed the early innovative works in the field of expert systems 

(Coiera et a I. , 1994); among which MYCIN and INTERNIST are worth 

mentioning. 

In particular, there is a clear role for clinician knowledge based application 

which include drug advisor system, image recognition a nd interpretation, and 

diagnostic assistance for clinicians (Lucas, 2000). Diagnostic assis tan ce is 

applied when a patient's case is complex, rare or the person making the 

diagnosis is s imply inexperienced. A knowledge base system, h ence, can help 

come up with likely diagnoses based on the data provided by the patient 

(Giarratano, 1998). 

This study looks into the possibility of using the knowledge base technology to 

assist in diagnoses of Sexual Transmitted Infections (STI), especia lly for 

inexperienced patients taking as an a lternative approach to manage STI. 
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1.2 Background to the Problem 

1.2. 1 Sexual Transmitted Infections (STI) 

STI are group of diseases that a re spread from one person to anoth er mostly 

through sexu a l contact. They represent a major health problem and are among 

the commonest causes of acu te illness, a nd even death, in the world and have 

fa r reaching health , social and economical consequen ces. The World Health 

Organization WHO (2001) has estimated that there a re approximately 340 

million n ew cases of curable Sexu al Transmitted Infections in the world per 

annum of which 65 million occur in sub Saharan Africa. According to the 

report, around half of th e new STI cases per year are youn g people (most 

vulnerable group) under 25 a nd world wide new infections in young people 

occur at the rate of five per minute. 

Ethiopia, a country in Sub-Saharan regIon, has little information on the 

incidence and preva lence of STI because of underreporting, lack of or weak 

surveillance. However, the problems of STI are generally believed to be s imilar 

to that of other developing countries . The national adult prevalence of HIV and 

Syphilis for 2005 is estimated at 3.5% and 2.7% respectively (MoH, 2006) . 

In a ll societies with over 30 cases of STI a re mostly transmitted throu gh sexual 

(vaginal and a nal) intercourses. Tran smission can occur a lso from mother to 

child and through blood and blood products, tissue/ organ transfer and 

occasiona lly through other non-sexual m eans. 

Each n ew infection increases the risk of HIV transmission and carnes the 

potential of other serious complications including fetal loss, still birth, 

infertility a nd so on. According to UNAIDS / WHO (1998) , untreated STI greatly 

increases a n individua l risk of getting or passing on HIV to his / her sex 

partner. Fortunately, most STI--Gonorrhea, Chlamydia, Syphilis, Cancroids, 

Tricomoniasis and Bacteria l vaginosis--can be cured with antibiotics if detected 

early . HIV infection is up to ten times more common in people with current or 
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prior ST!, and the risk increases with number of ST! episodes (UNAIDS / WHO, 
1998). A person with STI will transmit or acquire HIV during a single sexual 
exposure. So making control of su ch cofactors, th erefore, is vitally important in 
reducing HIV transmission. 

Responding to this, the Federal Democratic Republic of Ethiopia (FDRE) has 
been undertaking several intervention activit ies since 1998. Of those activities, 
on e is developing a strategy in view of the benefits of effective and timely 
treatmellt of STI cases, a nd the other is to provide STI diagnosis services to all 
people and specia l attention should be paid to the most vulnerable groups 
(FDRE, 1998). Accordingly, the Ministry of Health (MoH) has placed increasing 
emphasis on integrated systems especially at th e rural primary health care 
level, by choosing a syndromic approach for patient management of STI (MoH, 
2006). 

1.2.2. Syndromic Approach 

A syndrome is a group of symptoms that patients describe, combined with 
classic signs that medical persons observe during physical examination. A 
number of different organisms that cause STI give rise to a limited number of 
syndromes u sin g the syndromic approach. Health staff can identify one of 
th ese syndromes and treat accordingly (MoH, 2006). The aim of syndromic 
a pproach is, in particular, to identify among vaginal discharge, urethra l 
disch arge, genital ulcer, lower abdominal pa in, inguina l bubo or any other STI 
syndromes and to manage it accordingly. As su ch, a clinical or etiological 
diagnosis tries to identify just one causative agent, syndromic diagnosis lea ds 
to immediate treatment for all the most important cau sative agents ~(WHO, 
2001). This is important because h aving more than one infection occurs 
frequently . What this means is that, if the necessary drugs a re available a nd 
affordable, syndromic treatment can quickly render the patient non-infectious . 

The use of syndromic approach to STI is strongly recommended in order to 
ensure adequ ate treatment at a ll levels of the health services (FHI , 200 1) . It 
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also delays the development of antimicrobial resistance, assists m more 

rational drug procurement for treatment of STI, and alleviates the lack of 

uniformity in STI diagnosis, case management, recording and reporting. 

Despite the fact that most STI can be cured with antibiotics, and even health 

services are available not too far away for youth , young people have less access 

to them than adults do (UNAIDSjWHO, 1998). Because young people have 

reluctant to seek treatment for fear of being found out, the services are 

unwelcoming and unattractive, the situation frequently deters youth from 

accessing services, which in turn overlooks the second strategy formulated by 

FDRE mentioned above. 

Therefore, efforts should be made to build a bridge that link between the youth 

and the effective management of STI to reduce the incidence of new STI among 

the young population. 

1.3 Statements of the Problem 

Concerning the unavailability of health services that they are too far away and 

too expensive, stigmatizing those who visit, and the difficulty of notifying and 

bringing sexual partner, are some of the factors that aggravate the prevention 

and control of STI case management in developing countries (WHO, 2001). 

Despite, a significant portion of the population being made up of young people, 

they still remam under information poverty. Moreover, under the 

circumstances, the most important challenge in STI control is orienting 

services to reach the people who are most frequently exposed to infection and 

have the most opportunities to pass their infection on to other (FHI, 200 1) . 

Besides syndromic approach which offered by professionals, control and 

management of STI in developing countries like Ethiopia so far is provided 

through a whole array of services and individuals usually not medically 

qualified, such as traditional hea lers, quacks, and street vendors, which in fact 

4 



worsen the intervention activity and prevention and reduction of HIV (MoH, 

2006). 

But according to the report of FHI (2001), the use of syndromic approach only 

have little impact on control of STI and reduction of HIV. For example, the 

management of STI in Tanzania reduced the incidence of HIV infection by 40%. 

But in Uganda, on the other hand, syndromic approach reduced neither most 

curable STI nor HIV transmission. These practices reveal that reducing high 

rate of STI requires a comprehensive strategy to control STI barriers. 

Improving STI care by supplying health care facilities can address for the 

general population. However, it should be clear that other approach is needed 

to increase the coverage of STI reduction, especially for populations who are at 

high risk. Thus, rather than expecting solutions from other parties the 

participation of youth themselves to Improve their own health IS 

crucial(tJNAIDS/WHO, 1998). 

This research seeks to explore how to make STI diagnosis and management 

available for those who wish to check their STI status which provides effective 

diagnosis and treatment, awareness of risk/ symptoms, encourage treatment 

compliance, partner management and improve health care seeking behavior 

with out the help of medical staff. 

With an answer to this, the researcher looks experiment with an alternative 

way to comprehensive strategy of STI syndromic approach management which 

hopefully pleases the youth. 

According to FHI (2001), comprehensive Strategy of STI includes effective 

diagnosis and treatment, improve health care seeking behavior, awareness of 

risk/ symptoms, encourage treatment compliance, partner management and 

avoid reinfection. Of which the conventional syndromic approach has failed to 

provide awareness of risk/symptoms, encourage treatment compliance and 

effective partner management. 
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As Engelmore & Feigenbaum (1993a) indicate, the spectrum of applications of 

KBS technology is applied to diagnosis systems of all kinds which easily deduce 

faults and suggest corrective actions for a malfunctioning process. Medical 

diagnosis was one of the first knowledge areas to which KBS technology was 

applied. 

This research, therefore, explores the Knowledge Base System in the 

applicability of a comprehensive strategy of STI syndromic approach as an 

a lternative way managing STI. 

1.4. Justification of the Study 

Providing effective curative STI control services will enhance people's 

receptiveness to prevention messages and helps to achieve sustainable 

reductions in rates of the common curable STI. At the same time it will 

reinforce broader prevention behaviors that reduce risk, incidence and 

prevalence of both curable and incurable STI (WHO, 2001). 

This work demonstrates the issue of discovering every possible means that will 

help in providing effective curative services for those who uses existing clinical 

services and who does not. 

From such perspective, the proposed KBS In controlling STI will have the 

following benefits. 

v' Increasing awareness of risk for those who are unaware of their risk 

v' Improving health care seeking behavior as an a lternative to consulting 

unqualified sources 

Enhancing effective STI management since many STI are not detected at 

health care facility and if detected, they may be treated incorrectly 

v' Easy partner management and prevention of reinfection 

v' Getting the service with much lower cost compared with paying an expert 

v' Availability of the KBS anytime and anywhere as needed 
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Encouraging the youth (any person) to take early diagnosis and 

medication, and 

Addressing information poverty which can be overshadowed by the 

development of information and communication technology (leT). 

1.5. Objectives of the Study 

1.5.1 General Objective 

The general objective of the research is to discover an a lternative approach for 

the management of STI to achieve sustainable reductions in rates of the 

common STI while reinforcing broader prevention behavior that reduce risk, 

incidence and prevalence of both curable and incurable STI. 

1.5.2 Specific Objective 

The research has the following as its specific objective:-

to identify the challenges and opportunities associated with STI 

to review models and strategies for the development of KBS 

to represent knowledge using appropriate knowledge representation 

methods 

to design and develop a prototype knowledge based system that 

demonstrates the capacity of the system to give diagnosis in STI 

to test the reliability and performance of the prototype through feedback 

to report the result findings and 

to recommend suggestions for further work in the area . 

1.6. Scope and Limitation of the Study 

With in the field of information SCIence, the central focus of this study is to 

experiment with designing and developing a prototype knowledge base system 

for the diagnosis and management of STI. To this end, SeTIKoBS (Sexual 

Transmitted Infections Knowledge Base System) is built using knowledge 
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acquired from expertise in the area and supplemented by the information 

guideline which is outlined by the Ministry of Health, Ethiopia. 

Non curable STI like HIV and Human papilloma virus, STI transmitted other 

than sexual (vaginal) intercourse such as mouth or anal intercourses and STI 

transmission during childbirth are beyond the scope of the research because 

even though non curable are parts of STI, it takes more time to demonstrate 

the experiment. 

1. 7. Methodology 

For the purpose of undertaking the study proposed, literature reView, data 

collection, knowledge representation, prototype testing and evaluation are 

employed. To understand the exact contribution of the work, various literatures 

are reviewed and analyzed. In customizing the strategy to STI management 

selected, unstructured interview was conducted to acquire knowledge from 

experts. Four STI experts are selected using purposeful sampling technique. 

These experts were selected primarily because: 1) all of them use the same 

guideline (syndromic approach) which is the base for this research and 2) if one 

is busy then the other experts can be involved without delay. Additional 

knowledge also acquired from the guideline for syndromic approach diagnosis 

of STI, published by MoH (2006), HARRISON'S Medical book (2001) and 

guideline of syndromic diagnosis of STI, published by World Health 

Organization (2001). 

The knowledge acquired using the above methods then represented in the form 

of rule based system. This process is called knowledge representation. 

According to Aroyo (2006), it is a method of storing and processing Knowledge 

in computer. For this study, common knowledge representation method called 

production rule or simply rule is demonstrated to organize the knowledge. 

Using Prolog language, the details of building knowledge-base systems are 

illustrated. The choice of Prolog is due to three major features of the language: 

rule-based programmmg, built-in pattern matching, and backtracking 
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1.9. Organization of the Thesis 

This thesis is structured in to seven chapters and the rest of the chapters are 

organized as follows . Chapter two discusses knowledge base system and 

applicability in the field of medicine. STI and the syndromic approach are also 

highlighted. For the purpose of undertaking the study proposed, the 

methodology part is illustrated in chapter three . 

Chapter four deals with acquiring knowledge from domain expertise which 

illustrates the process of knowledge elicitation and modeling. The knowledge is 

represented using rule based structure which is expla ined in chapter five. In 

chapter six, knowledge application and SeTIKoBS performance measurements 

a re explained. Finally, conclusion and recommendations for future research are 

illustrated in the last chapter. 
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CHAPTER TWO 

2. Knowledge Base System and STI 

Understanding the notion of Knowledge Based SystemjKBSj reqUlres 

conceptualizing its theory, definition and other explanation. Even though the 

spectrum of applications of KBS technology is wide, this chapter explores the 

applicability of KBS and its role in health. It also reviews briefly some 

highlights about STI. 

2.1. Knowledge Based System and Expert System/ES/ 

Knowledge Based Systems are computer programs that are derived from a 

branch of computer science research called Artificial Intelligence (AI). AI's 

scientific goal is to understand intelligence by building computer programs that 

exhibit intelligent behavior. It is concerned with the concepts and methods of 

symbolic inference, or reasoning, by a computer, and how the knowledge used 

to make those inferences will be represented inside the machine (Engelmore & 

Feigenbaum, 1993b). 

The term intelligence covers many cognitive skills, including the ability to solve 

problems, learn, and understand language; AI addresses all of those. But most 

progress to date in AI has been made in the area of problem solving -- concepts 

and methods for building programs that reason about problems rather than 

calculate a solution iIgnizio, 1991). 

AI programs that achieve expert-level competence in solving problems in task 

areas by bringing to bear a body of knowledge about specific tasks are called 

Knowledge Based or Expert Systems. Frequently, however, the term expert 

systems is reserved for programs whose knowledge base contains the 

knowledge used by human experts, in contrast to knowledge gathered from 

textbooks or non-experts. 
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More often than not, the two terms, Expert Systems (ES) and Knowledge Based 

Systems (KBS), a re used synonymously. Taken together, they represent the 

mos t widespread type of AI a pplication (Engelmore & Feigenbaum, 1993a). 

Thus, in this thesis no variation is made between the two terms as techniques 

used in KBS and ES a re identical (Lucas, 2000); (Stefik, 1995). Therefore, the 

terms 'ES' and 'KBS' are used interchangeably throughout this thesis. 

2.1.1. Definition 

Numerous people h ave defined KBS from various perspectives. Some of these 

are : 

"Knowledge-Based Systems focuses on systems that use knowledge-based 

techniques to support human decis ion-making, learning and action." (Coiera et 

a I. , 1994) 

"[Expert Systems] simulate the process of human thinking by the application of 

knowledge and specific inferences." (Politecnico di Milano, nd). 

"Expert System is a computer program designed to s imulate the problem 

solving beh avior of a human who is a n expert In a narrow domain or 

discipline ."(Expert Systems Development Group, nd) 

The basic concepts reflected in the above definitions; KBS or ES is a computer 

program designed to simulate the problem solving behavior of a human to 

support human decision-making, learning and action . 

2.1.2. Type of Expert Systems 

An expert system can be one of the following five types: rule based, object 

oriented, logic based , induction based , and hybrid system s (Erikson, nd); 

(Darlingiton, nd); (Ignizio, 1991). 
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• A rule based expert system is an expert system that encodes its knowledge 

in the form of "IF .... THEN" rules. In rule based ES the pattern action model 

resembles human decision processes which means, the rules can easily be 

understood by programmers or experts that seems to mimic some human 

problem solving strategy. Furthermore, rules are independent of each other 

which encapsulate an important part of knowledge that can model a 

complex problem. 

• In object oriented expert systems the fundamental concept is the 'object' 

which combines data structure and behavior in a single component. 

• Induction based expert systems use rule induction which is one of the 

fastest means of extracting rule based knowledge from previous cases. 

• Logic based expert system use simple true/false logic to evaluated data, or 

at a more sophisticated level, they are capable of performing at least some 

evaluation taking in to account real world uncertainties, using such 

methods as fuzzy logic. 

• Hybrid expert systems employ a decision-analysis tool formed through the 

judicious combination of an expert system and some other methodology. 

2.1.3. Tools for Building Expert Systems 

An expert system tool or shell is a software development environment 

containing the basic components of expert systems. According to Russell and 

Norvig (1995), and Stefik (1995), each of the components is described in figure 

2.1. below. However, the core components of expert systems are the knowledge 

base and the reasoning engine. 
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driven. Backward chaining starts with a list of goals and works backwards to 

see if there is data which will allow it to conclude any of these goals. An 

inference engine using backward chaining would search the inference rules 

until it finds one which has a then clause that matches a desired goal. If the if 
clause of that inference rule is not known to be true, then it is added to the list 

of goals. 

• Knowledge acquisition Facility is a subsystem to help experts build 

knowledge bases. Collecting knowledge needed to solve problems and build the 

knowledge base continues to be the biggest bottleneck in building expert 

systems. 

• Explanation Facility IS a subsystem that explains the system's actions. The 

explanation can range from how the final or intermediate solutions were 

arrived at justifying the need for additional data. 

• User interface refers to the means of communication with the user. It can 

make a critical difference in the perceived utility of a system regardless of the 

system's performance. 

• User is a person (expert or otherwise) who uses the system for support. The 

end user usually sees an expert system through an interactive dialogue that 

proceeds in a dialogue involving questions by the system and answer input by 

the user. 

• Expert is a domain expert who input the Knowledge into the system during the 

development and the knowledge acquisition processes described in the 

following section. 
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2.1.4. -Advantages of Expert Systems 

According to Ignizio (1991), use of Expert System, 

• provides consistent answers for repetitive decisions, processes and tasks 

• holds and maintains significant levels of information; 

• encourages organizations to clarify the logic of their decision-making; 

• help inexperienced users for diagnosis of different problems; 

• never "forgets" to ask a question, as a human might; 

• can work round the clock; and 

• can be used by the user more frequently. 

It also proves important in situations where experts in a particular area are 

scares, expenSIve, unavailable and/or for assisting in solving complex 

pro blems. 

2.1.5. Application of Expert Systems 

The KBS applications find their way into most areas of knowledge work. They 

are as varied as helping salespersons sell modular factory-built homes to 

helping NASA plan the maintenance of a space shuttle in preparation for its 

next flight. According to Engelmore & Feigenbaum (1993a), the spectrum of 

applications of expert systems technology to industrial and commercial 

problems is so wide as to defy easy characterization. But in general KBS 

applications tend to cluster into seven major classes. 

Diagnosis Systems of All Kinds 

This class comprises systems that deduce faults and suggest corrective actions 

for a malfunctioning process. Medical diagnosis was one of the first knowledge 

areas to which ES technology was . There are probably more diagnostic 

applications of ES than any other type. 
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Planning and Scheduling 

Systems that fall into this class analyze a set of one or more potentially 

complex and interacting goals in order to determine a set of actions to achieve 

those goals. Examples involve airline scheduling of flights, personnel, and 

gates. 

Configuration of Manufactured Objects 

Configuration, whereby a solution to a problem is synthesized from a given set 

of elements related by a set of constraints, is historically one of the most 

important of expert system applications 

Financial Decision Making 

Insurance companies have used expert systems to assess the risk presented by 

the customer and to determine a price for the insurance. A typical application 

in the financial markets is in foreign exchange trading. 

Knowledge Publishing 

This is a relatively new, but also potentially explosive area. The prImary 

function of the expert system is to deliver knowledge that is relevant to the 

user's problem, in the context of the user's problem. 

Process Monitoring and Control 

Systems falling in this class analyze real-time data from physical devices with 

the goal of noticing anomalies, predicting trends, and controlling for both 

optimality and failure correction. Examples of real-time systems that actively 

monitor processes can be found in the steel making and oil refining industries. 
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• KBS Quality Assurance - As many different forms of knowledge based system 

appear in clinical settings, there will be a need to ensure that they remain up 

to date, and consistent. Tools will be needed to assist with this task. 

Examples of such systems, according to Ignizio (1991), include the following: 

INTERNIST: developed in 1970th which perform a diagnosis of the majority of 

diseases associated with the field of internal medicine. 

MYCIN: developed in mid 1970th which provide assistance to physicians in the 

diagnosis and management of infections disease and the suggestion of suitable 

therapies. 

PUFF: was developed in 1979 which provide to diagnose the presence as well as 

severity of lung disease . 

Brain Tumors Diagnostic System (BTDS) is yet another expert system that 

provides assistance to a physician in the diagnosis of brain tumors. 

Quick Medical Records (QMR) was designed to assist physicians m the 

diagnosis of illness based upon the patient's symptoms, examination finding, 

and laboratory tests . 

Germ Wateher - checks for hospital acquired infection. 

In our country, ExpART- -an ES that provide Anti Retroviral Therapy by 

Anteneh Worku in July 2004 and HIV Pre Test Counseling KBS -that assist in 

HIV Pre Test Counseling by Redeit Alemu in July 2006 are worth mentioned 

which was undertaken for partial fulfillment of the requirement of MScIS at 

Addis Ababa University (available at AAU Informatics Bibliography). 
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CHAPTER THREE 

3. Research Design and Methodology 

This section of the thesis describes the research design and methodology 

employed for the purpose of collecting required data in order to conduct 

experiment to achieve sustainable reductions in rates of the common STJ. 

3.1. Method of the Study 

To discover an alternative approach for the diagnosis and management of STI, 

one should have pertinent and precise knowledge about STJ. Koal (2006) stated 

that descriptive survey approach become particularly useful where one needs 

to understand some particular information which presents a complete 

description of a phenomenon with in its context. 

Thus, the descriptive survey method is suitable to be employed in this 

investigation to understand the way how to manage and to asses the diagnosis 

session associated with STJ. It is also thought appropriate to generate adequate 

information for the experiment to develop an a lternative approach to diagnose 

and manage STJ. 

3.2. Data Source 

For the purpose of collecting data for the study, pnmary and secondary 

sources of data are used. As primary sources, various experts in health 

including drug advisors, STI and HIV counselors and psychologists were 

interviewed to understand the dimension of STJ. Of those, to acquire knowledge 

for the use of this research, only four STI experts are selected using purposeful 

sampling technique. These experts were selected primarily because: 1) a ll of 

them use the same guideline (syndromic approach) which is the base for this 

research and 2) if one is busy then the other experts can be involved without 

delay. 
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Besides, guideline for syndromic approach published by MoH Ethiopia (MoH, 

2006), related documents, books and journals were assessed as secondary 

sources of data. 

3.3. Sampling Procedures 

The study was conducted in Federal Prison Administration Health Institutions. 

These Institutions are selected based on the following conditions: 

1. Lots of STI cases are commonly seen in the prison because new prisoners 

are required to have medical check up before the join other prisoners. They 

are also encouraged to be diagnosed because it is free for the treatment in 

the prison than any other health institute. 

11. Easy access of STI expertise, patients and stand alone computer III 

examination rooms. 

iii. Many people are available irrespective of sex or age which includes qualified 

STI expertise, military staff and high STI vulnerable groups. 

These institutions are found in the following centers in different regions of the 

country. These are Prison General Hospital (Addis Ababa), Addis Ababa Prison 

Clinic (Addis Ababa), Zeway Prison Clinic (Oromya), Diredewa Prison Clinic 

(Diredewa), Shoarobit Prison Clinic (Amara) and Aleltu Prison Acadamy 

(Oromya) . From these health institutions Prison General Hospital and Addis 

Ababa Prison Clinic are selected purposively. The reason why others clinics 

were not included was that they have small prisoners available in each prison 

compared with Addis Ababa prison clinic and each prison center is far away 

from Addis Ababa. 

3.4. Phases of KBS Development 

KBS development usually proceeds through several phases. The common 

phases are problem selection, knowledge acquisition, knowledge 

representation, and Knowledge application (Wentworth et ai., 1995; Stuart et 

ai., 1992) . 
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~ Problem selection: the most critical step in developing a KBS is identifying a 

suitable problem. 

~ Knowledge acquisition: after the problem has been selected, the knowledge 

acquisition phase of KBS development is carried out. 

~ Knowledge representation: the knowledge the expert uses to solve a problem 

must be represented in a fashion that can be used to code into the 

computer and then be available for decision making by the expert system. 

Common knowledge representation methods include rules, frames, and 

cases. 

~ Knowledge application: this includes testing and evaluation 

Rule Based Reasoning 

Expert systems whose knowledge is represented in rule form are called rule 

based systems which contains rules of the form IF condition THEN action. The 

condition portion of the rule is usually a premise and the action portion of the 

rule includes a conclusion. Knowledge representation clarifies how the 

acquired knowledge is represented in the rule based system (Coiera et ai, 

1994). 

In this study, rule based reasoning method was employed for the purpose of 

knowledge representation because it is the most common way to represent the 

acquired knowledge and has got a lot of research interest in medicine over the 

last decades (Aroyo, 2006; Christer, 1991; Parsaye and Chignell, 1988). 

Moreover the piece of knowledge represented by the production rule is relevant 

to the line of reasoning being developed. If the IF part of the rule is satisfied; 

consequently, the THEN part can be concluded, or its problem-solving action 

taken. 
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Testing and Evaluation of Knowledge Based System 

According to Anumba and Scott (2001), the evaluation of a knowledge-based 

system (KBS) is an important aspect of knowledge-based system development 

that is required to prove whether or not a system fulfils its original objectives. 

And it is defined as the "process of examining a KBS's ability to solve real world 

problems in a particular domain". The evaluation activity involves exploring the 

code, examining the reasoning processes and intermediate results, and asses 

the conclusions of the system which help to detect errors as early as possible 

in the development cycle. So in order to achieve the objective of the study each 

chapter of the development phase was revised with previously selected experts 

using semi structured interview. Some of the questions used for evaluation are 

appended in Annex one. 

In the meantime, the built system code is evaluated with two purposively 

selected information science students to check the way of the system diagnosis 

and advice, the correctness of the reasoning techniques used and the quality of 

human-computer interaction. 

3.5. Prototype Testing 

From a philosophical viewpoint, experts are never 100 per cent accurate, as 

everything is prone to error (Parsaye and Chignell, 1988) . Therefore, a KBS 

should not be expected to perform above this level. Anumba and Scott (2001) 

state, the best way to test the quality and efficiency of the system is to get it 

built, turn it over to suitable users, and respond to their feedback. This is a 

process of iterative prototyping, which ensures the completeness and 

soundness of a system. 
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Prototype Testing Techniques 

Existing techniques for the evaluation of knowledge-based systems are 

considered, by Anumba and Scott (2001), to be few and primitive. These 

techniques can be split into two broad types, which are as follows: 

1. qualitative - employing subjective comparisons of performance; and 

2. quantitative-employing statistical techniques to compare KBS 

performance against either test cases or human experts. 

Most developers employ the use of qualitative techniques such as the common 

process of running test cases through the proposed system and comparing the 

system's output with known results (Anumba and Scott, 2001 ; Moore and 

Miles, 1991). Quantitative techniques are rarely used and are considered 

inappropriate for the evaluation of a KBS (Moore and Miles, 1991) . This is 

mainly because these approaches would not normally be used for the 

evaluation of human expertise. 

Generally, KBS developers desire to assess their KBSs at a similar level to 

human experts, and therefore adopt qualitative techniques (Anumba and Scott, 

2001; Moore and Miles, 1991). The most commonly employed qualitative 

techniques to evaluate KBSs are outlined below, Moore and Miles (1991): 

• Visual interaction. This test allows the expert to make comments while 

interacting with the system, altering parameters as desired. 

• Predictive validation. This test involves the use of historic test cases. The 

KBS is driven by past data to obtain a set of conclusions. These conclusions 

are compared with that of the historic case or with expert performance. 

• Black box testing. Information is added to a piece of code and sections of, or 

the whole system. Results are predicted and are compared with the actual 

results of the system. 
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whether the case is curable or non curable STI , common or not common STI 

and also male or female. For each selected historical cases, ranking was set by 

the evaluator expert to check whether the system is consistent with that of the 

experts. Unstructured questionnaires were conducted, in conjunction with 

entering the cases into the system, to help ascertain the expert's views on 

specific aspects of the system's performance. 

Confusion Matrix 

Confusion Matrix displays the distribution of the records in terms of their 

actual classes and their predicted classes. It IS statistical measures of the 

performance of a binary classification test which indicates the quality of the 

current model (Anumba and Scott, 2001). The confusion matrix defines four 

parameters. These parameters, as shown in table 3.1., are defined as : 

1. Sensitivity (also called recall rate in some fields) measures the proportion 

of actual positives which are correctly identified as such (e.g. the 

percentage of sick people who are identified as having the condition); 

2. Specificity measures the proportion of negatives which are correctly 

identified (e.g. the percentage of well people who are identified as not 

having the condition); 

3. Pos!!ive predictive value (ratio of true positives to combined true and 

false positives), which is as much a statement about the proportion of 

actual positives in the population being tested as it is about the test; and 

4. Negative predictive value ratio of true negative to combined true and false 

negative. 

34 



Test case 

Positive 

Positive 

Condition 

Negative 

True Positive False Positive 

I 

Positive predictive 

value 

False Negative True Negative Negative predictive v~ 
Negative 

Sensitivity 'Specificity 

Table 3.1. Confusion Matrix 

3.6. Programming Tool 

As a programming tool, Prolog language is used to demonstrate the potential of 

using expert systems for this experiment. The choice of Prolog is due to three 

major features of the language: rule-based programming, built-in pattern 

matching, and backtracking execution. The rule-based programming allows the 

program code to be written in a form which is more declarative than 

procedural. This is made possible by the built-in pattern matching and 

backtracking which automatically provide for the flow of control in the 

program. It is also available in Information Science department computer 

laboratory. 
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CHAPTER FOUR 

4. Knowledge Acquisition 

4.1. Conventional Vs Knowledge-based STI Diagnosis 

Syndromic Approaches 

To achieve effective and efficient STI case management, patients should receive 

effective curative care and prevention education. This is accomplished by 

increasing awareness of risk, encouraging health care seeking behavior, 

effective STI detection and promotion of partner treatment (FHI, 2001). 

However, the conventional ways of STI diagnosis, which exclude the 

comprehensive diagnosis approach, aren't knowledge-driven. This makes the 

STI diagnosis approaches insufficient to meet the current needs. For example, 

conventional ways do not provide any awareness even though most people with 

STI are a symptomatic or unaware of their risk. 

In most of the health care facilities, as shown in figure 4 .1.(a), the conventional 

approach of STI diagnosis starts with receiving patient request for alloca tion of 

Patient Card to STI expert. In most health care facilities, the patient pays 

money for the diagnosis to be provided by the expert. Then, based on the 

patient history, the expert prescribes the necessary medication. The expert may 

give counseling service like use of condom, partner management, use of drugs, 

STI complications and so on. But counseling service provided depends on many 

situations. 

After all, the treatment used by the patient may fail because of lack of 

appropriate information, which leads the patient to drug resistance and other 

STI's complications. If the patient comes to visit again in one or another case, 

then hel she will start again from registration room which is tedious , expensive 

and time consuming. 
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Any Person Request 

r-----------------, 
I I 
I I 
I I 
I I 
I I 
I" I 
I I 
I I 
I I 
I I 

: SeTIKoBS : 
I I 
I I 
I... I 
I I 
I I 
I I 
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I I L _________________ J 

Prescription 
for Medication 

.. 
For partner management 
For check up 
Acquired infection or 
Extra Information 

Key - .. -.-~ Very rare path to manage STI 

Common path to manage STI 

Figure 4.1. A comparison between (a) the conventional approach; 
and (b) the knowledge-based STI management syndromic approach. 

The conventional approach involves complicated knowledge flow and a lot of 

paper work, and as such time is needed for the STI expert to manage the 
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patient. In the process, useful information may be missed due to human error. 

Since, experience and skill are types of tacit knowledge, it is difficult to make 

the knowledge of the expert shareable. It is interesting to note that the quality 

of patient diagnosis and management heavily rely on the know-how, experience 

and qualification of the expert. Moreover, the patient diagnosis and 

management of common STI can only be provided during the office hours. 

What this mean is that, when the patient wants to get consultation after the 

office hours, then he/ she cannot be served immediately and the patient health 

may be affected. On the other hand, for the knowledge-based STI diagnosis 

approach, as shown in figure 4.1. (b), the processes of risk awareness and/or 

diagnosis of STI, from the time the person requested till he/she gets advice or 

medicine prescription is accomplished by The Knowledge-based system. 

According to the methodology adopted for this study, such system is developed 

at three stages, which include knowledge acquisition perspective, diagnosis 

representation perspective and performance measurement perspective. The 

knowledge acquisition perspective will be discussed in the remainder of this 

chapter. The other two perspectives will be illustrated on the next consecutive 

chapters. For the purpose of this study, this Knowledge-based system is named 

as Sexual Transmitted Infections Knowledge Base System (SeTIKoBS). 

4.2. Knowledge Acquisition for SeTIKoBS 

Knowledge acquisition is the process of acquiring the knowledge from human 

experts or other sources e.g. books, manuals etc. It can be thought of as a 

model of the expertise of the best practitioners of the field (Brule, 1986). Aroyo 

(2006) suggests that clearly understanding the existing system and identifying 

the actual problem can help to design the right solution which ultimately 

a lleviate the knowledge bottleneck in that field. In this research, various 

experts in the health system including drug advisors, HIV counselors and 

psychologists were involved to explore the dimension of STI. Of these, to 

acquire knowledge for the use of this research, only four STI experts are 
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selected usmg purposeful sampling technique. These experts were selected 

primarily because: 1) all of them use the same guideline (syndromic approach) 

which is the base for this research and 2) if one is busy then the other experts 

can be involved without delay. Table 4.1. presents the profiles of the domain 

experts that were identified in order to select the right expert in the domain 

area. 

Level of Sex Position Work exp- Reference Used 

Education erience 

Nurse 12+2 Fem- Health Center 21 year MoH guideline 

- ale STI focal person 

Medical Doctor Fem- Out Patient 4 year MoH guideline 

ale Clinic Examiner 

Internist Male Out Patient 19 year MoH guideline but 

Clinic Examiner Differ in treatmen t. 

STI specialist Male STI focal person 25 year MoH guideline + other 

(NGO) Approach for complication 

Table 4.1. Professional Profiles. 

Discussions with the experts indicate that all experts generally undertake STI 

diagnosis using the guideline developed by MoH (2006) though some differ in 

treatment prescription. In addition to the experts, additional knowledge has 

been obtained from Internet, books, guidelines and manuals (Brounward et a!., 

2001; Dallabeta & Garbesa, 1998; Stuart et a!. , 1992). From the knowledge 

gathered and confirmation from the experts, the five most commonly 

encountered STI syndromes are urethral discharge, genital ulcer, vaginal 

discharge, lower abdominal pain in women and inguinal bubo. And of the 19 
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(nineteen) general risk/ symptom assessment questions, through consultation 

with the experts, it was possible to come up with only eight (8 ) questions. 

These questions are presented in Table 4.2. 

4.3. Conceptual Modeling 

Conceptual modeling is a central activity m knowledge base system 

construction. According to Anteneh W. (2004), a knowledge model provides an 

implementation independent specification of knowledge in any application 

method. It is a representation of doma in-specific knowledge in the manner in 

which the expert thinks" (Christer, 1991). Here, a flowch art is used to model 

the common STI syndromes. The advantage of using a flowchart modeling is 

easy to use and simplicity to suggest clear decision (MoH, 2006). Each 

flowchart consists of the following three steps. 

a) The clinical problem: is wha t a patient complains of, (i. e . the patient's 

symptoms). 

b) The decision that needs to be taken: this is the box, which requires further 

informa tion. 

c) The action to be carried out: each of the exit path leads to an action or do 

box. This is the box that instructs the patient what action to take. 

The flowchart starts at the clinical problem box and works through step-by­

step until it arrives at an exit box at the end of a branch. In the next part, the 

conceptual model for risk / symptom awareness questions a nd the flowchart for 

the common STI syndromes are discussed. During modeling of each flowchart , 

one of the four experts is involved in the building process. 
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4.3.1. Risk/Symptom Assessment 

STI generally reflect risk behavior because most curable STI are usually of 

relatively short duration of symptoms or/and some of them are asymptomatic. 

So, delivering in increasing risk/symptom awareness is one of the program 

objectives in diminishing the pervasiveness of the disease. Table 4.2. shows the 

screening questions used in order to provide the best care for the patient and 

to understand the risk for certain infections. This is necessary for the system to 

talk about the patient's sexual behavior and to explain the risk/ symptoms 

awareness (FHI, 2001). 

Sexual Behavior Screening Questions Response 

Do you know any person he/she might have an STI? Yes/No 

Have you begun having any kind of sex yet? Yes/No 

Have you ever had any STI like genital ulcer, discharge, lower abdominal Yes /No 

pain and inguinal swelling? 
Have you ever injected your self ("shot up") with narcotic drugs? Yes/No 

Has your sex partner had any STI? Yes/No 

Have you recently developed urethral or vaginal discharge , genital sour Yes/ No 

(ulcer) , lower abdominal pain or inguinal swelling? 

Has any part of your body been sexually exposed to an STI? Yes/No 

Would you like to be tested for STI today? Yes/NO 

Table 4.2. Eight STI Risk Assessment Questions 

These series of questions are asked to whoever triggers the system. They can 

enable to determine the client's risk exposure and a lso used as a gate to enter 

the system as shown in figure 4.7. If the client responds an affirmative answer 

then the system will provide appropriate explanation, diagnosis and plausible 

solution for specific problem, as needed. These problems include five most 

commonly encountered STI syndromes: inguinal bubo, genital ulcer, urethral 

discharge , vaginal discharge and lower abdominal pain in women. 
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4.3.2. Inguinal Bubo Syndrome (Swollen Glands) 

Inguinal bubo is a painful swelling of the lymph nodes in the inguinal (groin) 

region. The common sexually transmitted pathogens that are associated with 

inguinal bubo include C. trachomatis, H. ducreyi and C. granulomatis both in 

men and women (MoH, 2006) . A bubo is usua lly painful, warm and tender 

when palpated. There may be one large mass or a collection of smaller painful 

swellings. The detail assessment of inguinal bubo is depicted in figure 4 .2. 

-- Patient complain of inguinal swelling 

1 
I Is groin swelling or femoral bubo present? I 

yes/ ~ 
Treat for LGV, GI and Case: Any other STI 
CHANCROID present? 

\ Ye/ ~NO 
~ 

Health Education Use 

• Offer HIV counseling and testing Appropriate 

• Promote condom use Flowchart 

• Notify and manage partner 

• Cure your infection 

• Do not spread STI 

• Come back to make sure you are cured 

• Keep safe by staying with just one 
sexual partner 

• Protect yourself against AIDS 

Figure 4.2. Flowchart for Inguinal Bubo 
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4.3.3. Genital Ulcer Syndrome 

Genital ulcer is ulcerative lesion of the genitalia in men and women . The 

common types of lesions include primary syphilis, Genital h erpes, Chancroid, 

Lymphogranuloma Venereum and Granuloma inguinale (MoH, 2006). Figure 

4.3.illustrates the flowchart of Genita l Ulcer syndrome. 

Patient complain of Genital 
Ulcer 

Is solitary non- Educate and 
I s ulcer vesicle or recurrent and non Council 

recurrent or vesicular ulcer N Promote, Use and 
more than three? No present? 0 Provide Condom 

Yes 
Yes 

" Case: Syphilis or / a nd 
Case: Herpes Simplex Chancroid 
Virus2 / HSV2 / 

~ / 
Health Education 

• Offer HIV counseling and testing 
• Promote condom use 
• Notify and manage partner 
• Cure your infection 

• Do not spread Sexually Transmitted Disease 
• Come back to make sure you a re cured 
• Keep safe by staying with just one sexua l 

pa rtner 
• Protect yourself against AIDS 

Figure 4.3. Flowchart for Genital Ulcer 
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4.3.4. Urethral Discharge Syndrome 

Urethral discharge is abnormal discharge symptom from men's genital, mostly 

caused _by Gonococcal and Chalmydial infections. Tricomonas vagen alis is a lso 

other cause for urethral discharge in male (MoH , 2006). Figure 4.4 

demonstra te the flowchart of urethral discharge in male. 

Patient complain of Urethral Discharge 

Is discharge from penis? I 

/ ~ 
No 

Yes 

Is there any other sexual 
Treat Gonorrhea Transmitted Infection 

/Chlamydia present? 

~ \ Yes 

Health Education 
Offer HIV counseling and testing 
Promote condom use Use appropriate fl ow-
Notify and manage partner chart 
Cure your infection 
Do not spread Sexually Transmitted Infection 
Come back to make sure you a re cured 
Keep safe by staying with just one sexual partner 
Protect yourself against AIDS 

Figure 4.4. Flowchart for Urethral Discharge for Male 
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4.3.5. Vaginal Discharge Syndrome 

According to Dallabeta (1998), the common causes of vaginal Discha rge are 

l. Neisserial gonorrhoeae 

2 . Chlamydia trachmatis 

3. Trichomonas vaginalis 

4. Gaardnerella vaginalis 

5. Ca ndida a lbicans. 

The first two cause cervicitis (severe inflammation of the cervix) while the last 

three cause vaginitis (inflammation of the vagina). Many women have normally 

a small a mount of vaginal discharge which is clear and odorless. It becomes 

a bnormal if the woman notices a change in the amount, color or odor of the 

disch arge. A patient can not differentiate between cervicitis and vaginal 

disorder. But often compla ins of vaginal discharge, which may represent either 

vagina l or cervical disorder. Figure 4 .5 shows the flowch art for vagina l 

discharge syndrome. 

4.3.6. Lower Abdominal Pain Syndrome 

The term Pelvic Inflammatory Disease (PID) refers to infections of the female 

upper genital tract: the uterus, fallopian tubes, ovaries or pelvic cavity. It 

occurs as a result of infection going through the cervix. It can be caused by 

gonorrhea, chlamydia and some anaerobic bacteria. PID includes endometritis 

(inflammation of the mucous membrane of the womb), salpingitis 

(inflammation of the fallopian tube) , tubo-ovarian abscess, oophoritis 

(inflammation of the ovary) and pelvic peritonitis (infla mmation of the line 

membrane of the abdomen peritoneum). Women with PID usually have history 

of lower abdominal pain (Brounwa rd et ai., 2001). Figure 4.6 below shows the 

flowchart for lower abdominal pa in syndromes . 
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Yes 

Patient complain of Vaginal Discharge/ 
Vulval itching/ burning 

Is abnormal discharge present? 

Yes ;7 
Is lower abdominal tenderness or 

cervical motion tenderness present? Yes 
Is there any Vulval 
I tching/ burning? 

/ No 

Use flow chart for 
lower abdominal pain 

Treat for 0 Chlamydia 
o Gonorrhea 
oBacteria 
oVeginosis 
oTrichomoniasis 

No 

Health Education 
Offer HIV counseling and testing 
Promote condom use 
Notify and manage partner 
Cure your infection 
Do not spread Sexually Transmitted Disease 
Come back to make sure you are cured 
Keep safe by staying with just one sexual partner 
Protect yourself against AIDS 

Figure 4.5. Flowchart for Vaginal Discharge for Female 
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Patient complain of lower abdominal pain 

Is cervical excitation or is tenderness? 
I 

Yes ~ ~NO 
Is missed period I Any other illness found? Or is recent abortion 
Or is abnormal genital 
bleeding 
Or 's pregnant. 

Yes No No Yes 

Urgent refer to 
nearest hospital 

-
Case: Pelvic Inflammatory 

Use appropriate flowchart Disease 

~ 
Health Education 

Offer HIV counseling and testing 
Promote condom use 
NQtify and manage partner 
Cure your infection 
Do not spread Sexually Transmitted Infections 
Come back to make sure you are cured 
Keep safe by staying with just one sexual partner 
Protect yourself against AIDS 

Figure 4.6. Flowchart for lower abdominal pain in Female 
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4.4. Evaluation of the Conceptual Model 

After developing the conceptual model, per the methodology adopted for the 

development of SeTIKoBS, the models were evaluated with domain experts who 

helped in the knowledge development stages of SeTIKoBS. Unstructured 

interviews were employed for this purpose. The objectives for the evaluation 

carried out include the following: 

• To ch eck whether any knowledge has been missed during the knowledge 

acquisition phase of the system's development. In particular, to identify and 

amend any errors or aspects of SeTIKoBS which are confusing or 

misrepresented. This includes checking that the embedded knowledge is 

consistent with that of the experts. 

• To refine some vague models which were not clear for the researcher. The 

intention here is splitting syndrome of the same type for those which have 

mutually exclusive symptoms or symptom which need different 

management. 

From this perspective, the models are initially introduced to the experts when 

the diagnostic component could perform a small amount of tasks in a stable 

way. And slight modifications are applied in each model. For example, if a 

patient acquires more than one sexual transmitted infection syndromes at 

present then the system should advice the patient to use appropriate flowchart 

after diagnosing the first syndrome. After this, the researcher clarifies two 

major questions to ch eck whether the knowledge was consistent with that of 

the experts. Each question is explored as follows . 
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I) Splitting causes of genital ulcer syndrome 

In genita l ulcer syndrome, there are two diagnostic cases. The first case is 

Herpes Simplex Virus2 which has symptoms of vesicular ulcer, recurrent ulcer 

or more than three ulcers present. And the second diagnostic cases are syphilis 

and chancroids which have symptoms of no vesicula r ulcer, nonrecurrent or 

less than three ulcers present. Both cases are mutually exclusive and have no 

common symptom but they are treated in general as the causes for genital 

ulcer syndrome. In this case, a ll experts agreed to split genita l ulcer syndrome 

into genital ulcer syndr0!TIel as Herpes Simplex Virus2 and genital ulcer 

syndrome2 as syphilis or chancroids . 

Here Splitting is important to minimize treatment overload by dividing genital 

ulcer syndrome treatment into genital ulcer syndromel treatment and genital 

ulcer syndrome2 treatment. 

2) Splitting symptoms of lower abdominal pain 

In lower abdominal pam syndrome, there a re two types of symptoms which 

need further classification for easy management. The first group symptoms 

include cervical excitation or lower abdominal tenderness which is treated in 

local health facilities and the second group symptoms include recent delivery, 

abortion, known pregnant or abnormal vaginal bleeding in which the treatment 

is urgent referral. Here th e question is, what is the treatment of both symptoms 

if it appears in a single patient? In this case, all experts agreed to split the first 

group symptoms as PID (Pelvic Inflammatory Disease) and the second group 

symptoms as acute PID. And if a patient has a nyone of acute PID symptoms, 

then the management is urgent referral regardless of PID symptoms. Here 

splitting is important to emphasize for patients who needs urgent management. 

49 



After this discussion, the models are generalized as depicted in figure 4.7., 

which represents the wide-ranging paths that indicate the logical view for the 

diagnosis and management of common STI using syndromic approach . 

Taken together, in this chapter, the transformation process of acquiring 

required knowledge from human experts or other sources for the purpose of 

building SeTIKoBS has been discussed. In the next chapter, the method used 

to encode the knowledge acquired for use by SeTIKoBS (i.e., the knowledge 

representation perspective) will be illustrated. 
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CHAPTER FIVE 

5. Knowledge Representation 

5.1. Introduction 

In the knowledge acquis ition phase, we have d iscu ssed: how knowledge is 

elici ted a nd th e p rocedure of s truc turing that elicited knowledge from the 

experts . The corresponding knowledge model h as a lso been developed using the 

top-down approach of hierarchical s tructure . The model developed is used as a 

gen eral ou tline LO design the knowledge base . In this ch a pter SeTIKoBS 

knowledge representation perspective will be d iscu ssed . 

Knowled ge representa tion is a m ethod u sed to encode th e knowledge fo r use by 

th e expert system or it is putting th e knowled ge into rules or cases or pat :.erns 

in the knowled ge representation process (Rich & Knight, 199 1) . According to 

Aroyo (2006), it is a method of storing and processing knowled ge in compu ter. 

Common knowledge representation methods include ru les, frames. and cases. 

In this study, the widely a pplied representation call ed production rule or 

s imply rule is u sed to organize th e knowledge acquired. Rule -based syst.em 1S 

chosen as a knowledge re presen tatio n language because J) il has advanlages of 

natu ralness of expression, modularity a nd restricted syntax (Brule , 1986) a nd 

2) Production rules a re one of the most popular a nd wide ly used knowledge 

represen tation la nguages in m edicine (Ignizio, 199 1). 

A rule consists of an IF part and a THEN pa rt (a lso called a condition and an 

action). The IF part lists a set of conditions in some logical combination; 

con sequ ently, the THEN part can be concluded, or its problem-solving action 

taken. Expert sys tems whose knowledge is represcn ted in rule form are called 

rule-based systems (Waterma n , 1986). Currently, it is the most common form 

of expert system in m edicine because the rules a rc m ade up o f scpoll·at.e 

modules that can be rea rra nged , replaced, combined, or intcrchangcd casily 

a nd it has n atura ln ess of expression (Waterman, 1986; Brule, 1986). 
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As stated in the literature part, (see for example, Engclmo re & Fe igenbau m , 

1993b; Coiera, 1994) structure of a rule based expert system cons ists of 

• Knowledge-base; which stores knowledge in th e form of a set of IF-THEN 

rules which makes it a rule based expert system; 

• Inference en gine; a general problem-solving knowled ge or method which 

contains the interpreter and the scheduler; 

• Explanation facility; which relates to the a bility of the system to reason with 

rules and da ta which are not precisely known, a nd to explain the reasoning 

process that it u sed to reach a recomm endation ; a nd 

• User interface; which relates Lo the portion of the code whi ch crcates an easy 

way of using the system. 

As a s hell, Prolog sh ell provides the above mentioned rule··based ES features 

which are suited for d eveloping SeTIKoBS. Whi le three of the structural 

components of a rule-based expert system are discussed in the re mainde r of 

this chapter, the user interface will be dea lt with in the n ext chapter. 

5.2. Knowledge-base for SeTIKoBS 

SeTIKoBS knowledge-base is the collection of much of the problem solving 

knowledge in sexual transmitted infections using syndromic approach which 

contains rules of the form IF condition THEN action. Knowledge represen tation 

clarifies how the acquired knowledge is represented in the rule based system . 

The following account presents tl-te way acquired kn owledge is represented in 

SeTIKoBS as rule-based expert system that helps to build a production system 

in which rules encode exper t knowledge (Coiera et a I. , 1994). 

53 



5.2.1. IF-THEN Rules 

IF-THEN rules are the most common ways to represent knowledge . Premises or 

condition are put under the IF clause and conclusions are put under the TH EN 

clauses. The following shows an IF-THEN rule based system in diagnosing 

patients using sexual transmitted infections syndromic approach by the 

common symptoms in th e knowledge- base . 

Rule 1: 

If you are free of the risk assessments of STI questions indicated in Table 3 .2. 

Then You are not infected with Sexually Transmitted Infection s. 

Else You are suspected as infected with Sexually Tra n smitted Infection s. 

Rule 2: 

If you are suspected as infected with Sexually Transmitted Infections and 

II you have ulcer in your genital area and 

II your ulcer is recurrent and more than 3 ves icular: 

Then your case is Herpes Simplex Virus2 

Else your case is Syphilis or Cancroids 

Rule 3: 

II you are suspected as infected with Sexually Transmitted Infections and 

II you have abnormal genital discharge different from scmen and 

If you are male 

Then your case is Gonorrhea or Ch lamydia or both. 

Else If you are female and 

II abnormal discharge presen t 

Then your case is Gonorrhea or Chlamydia or Tricomonasis or 
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Bacterial vaginosis or any of combina tion. 

Rule 4: 

II you a re suspected as infected with Sexually Transmitted Infection s and 

ILyou have lower abdominal pa in a nd 

II cervical excitation is tende rness and 

II you suffer in missed period, recent abortion , known pregnan cy, 

abnormal vagina bleeding or recent delivery 

Then Refer to hospital (urgent) 

Else your case is Pelvic inflammatory disease 

Rule 5: 

II you a re suspected as infected with Sexually Transmitted Infec lion s and 

II you h ave lower abdomina l pa in a nd 

II you do not suffered with cervical excita tion or tenderness 

Then your case is out of the domain 

Rule 6: 

II you are su spected as infected with Sexually Transmitted Infec tion s a nd 

II you have inguinal bubo 

Then your case is Lympho Granuloma Venerelium or Chancroid. 

Rule 7: 

II you a re suspected as infected with Sexually Tra n s mitted Infect ions and 

II you have no d ischarge and 

II you have no ulcer and 

II you have no lower abdominal pain 

Then your case is out of the domain . 
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These rules a re some of the lis ts included h ere as re presen tatives in SeTIKoBS 

knowledge-base. The action pa rt of the system comprises the output which is 

caused by the fired rule. For example, if the syndrome is inguina l bubo then 

the corresponding treatment a nd h ealth education is indicated a s : 

al Treatment 

The treatment of inguinal bubo s:vndrome is cipronoxacin 500 bid for 03 days. 

PLUS doxycycline 100 m g po bid for 14 days or ery th romyc in 500mg qid for 

14 days if the patient is contraindicated to doxycyclin. 

bl Health education 

The action part of h ealth education is 'Please take your treatment propcrly , 

otherwise you will develop STI complica tion, search a nd ge t J-II V counseling a nd 

testing, use condom and provide for others, please notify and manage your 

partner(s) otherwise, you will not cure even though you takc the given 

medication. Return and check a fter completion of treatment to check whether 

you improve or not.' 

However, in Prolog the syntax is really THEN ;1<', and the norm a l I~i ght Hand 

Side and Left Hand Side appea r on opposite s ides . That is , 

conclusion:­

first_premise, 

second_premise, 

So this is a bit confusing sll1ce the rule-base system u se a normal IF' THEN 

format. For example, to identify a particular syndrome in SeTIKoBS using the 

normal IF THEN forma t, one would state; 

IF symptom is abnormal urethral discharge and 

IF' gender is m a le 

THEN syndrome is urethra l discha rge. 
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The implementation o f the same rule in Prolog would be: 

Syndrome(ure thraLdischargej:­

symptom(abnormaLurethraLdischarge}, 

gender(male}. 

The followi ng rules dis tinguis h between two types of gen ita l di scha rge 

synd rom e. They a re clauses of the predicate syndrome/ 1: 

syndrome(genitaLulcerl} :-

do __ you_have(vesiclarUlcer _recurrenCmore Than3 Ulcer}, 

diagnose(herpes_Simplex_ Virus}, treatment(herpes_Simplex_ Virus}. 

syndrome(genitaL ulcer2} :-

do_you_ have(non VesiclarUlce l"-nonRecurren C let' sThan3 Ulcer}, 

diagnose(s yphilis/ chancroids}, treatment(syphilis/ chancroids}. 

In order for these rules to succeed in distinguishing the lwo syndromes, we 

would have to store facts a bout a particular syndrome lhal need identification 

in the progra m. 

For example , if we added the following facts to the progra m 

do_you_have(abnormaLurethraLdischarge}, gender(male}. 

then the following query could be used to identify th e syndrom e: 

?- syndrome(X}. 

x = uretheral discharge . 

5.2.2. A Simple Shell 

An expert system sh ell is an expert system with a n empty knowledge-base, i.e. 

a n inference en gine, user interface module , explanation modu le, knowledge 
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base (rule) editor etc . For example, EMYCIN is the shell of MYCINI It is 

im porta nt to start with a sh ell with a suitable control stra tegy (Simon , 2007). 

SeTIKoBS has two di s tinc t control strategy parts: the knowledge base, which 

conta ins the specific information about syndrome identification ; and the 

predicates which control the user inte rface. 

By separa ting the two parts, a shell can be created which can be used with any 

knowledge-base . The minimal change needed to break the two parts into Lwo 

modules is a high level predicate which starts the diagnosing process . 

S ince in genera l it is not known what is being diagnosed , the shell wi ll seek Lo 

solve a generic predicate called top_goal. Each knowledge base wi ll h ave to 

have a top_goal which calls the goal to be satisiled. For example: 

top_goal(X ): - syndrome(X). 

Thi s is now th e first predicate in the knowledge base abouL syndromes. The 

sh ell has a predicate called solve , whi ch docs some housekeeping and Lhen 

solves [or the top_goal. 

It looks like: 

solve:­

abolish(known, 3), 

top_goal(X), 

write('The syndrome is '), write(X), n1. 

solve:-

write('Well! Come back when necessary.'), n1. 

I MYC IN: developed in mid 1970 t l> which provide assis ta n ce Lo physicians 

in th e diagnosis and management of infectious disease and the 

suggestion of suitable th erapies . 
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The built- in abolish predicate is used to remove any previous knowns from the 

system wh en a new consultation is started. This a llows the u ser Lo call solve 

multiple times in a single session. 

The abolish predicate is a built-in predica te which removes previous knowns 

for a new consultations , and e n sure that known is defin ed to the system so no 

error condi tion is raised the first tim e it is referen ced . 

To summarize th is, as indicated in fi gure 5 .1., the predicaLes of SeTIKoBS have 

been divided into two modules; namely : The Native predicate and the 

Supporting predicate. 

The Native predicates, the predicates which are in the shell , a re: 

go - starts the conversation with SeTIKoBS; 

solve - starts the diagnosis; 

ask - poses s imple questions to the users and remembers the answers; 

menuask - presents the user with a menu of c hoices; 

User Interface 

go, ask, menuask 

~ 

Knowledge 
, 

Expla nation 

Base In ference Engine 
I .~ 

faciliLy 

top_goal, rules , 
multiva lued. Solve how, he lp_sti, 

Figure 5.1. Major predicates of SeTIKoBS Prolog s h e ll 
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The supporting predicates for the above three predica tes which arc in the 

knowledge base are: 

top_goal - specifies the top goal in the knowledge basc; 

rules- represent the knowledge in th e knowled ge base. For example syndrome, 

diagnose, risk assessment etc. 

multivalued - defines attributes which have multiple values . 

5.3. Inference Engine 

In ference Engine is a general prob lem-solving knowl ed ge or m ethod whi ch th e 

interpreter analyzes , a nd it processes the rules and th e schedule r determines 

which rule to look at next. There are two type of reasoning employed: i) data ­

driven reasoning, or forward chaining, which involves chaining of IF-THEN 

rules to form a line of reasoning that starts from a set of conditions and moves 

toward som e conclusion. 

ii) The other type of reasoning is goal-driven reasoning or backward chaining, 

which is a n efficient way to solve problems that can be modeled as "structured 

selection" problems (Russell and Norvig, 1995). That is , th e a im of the system 

based on this type of reasoning is to pick the best choi ce "find ing_goal" from 

many enumera ted possibilities. For example, di agnostic systems can fit this 

model, s ince the aim of the system is to pick the correct diagnosis (Engelmore 

& Feigenbaum, 1993a). 

SeTIKoBS Goals 

Possible goals a re derived by combining the fi ve syndromes and the ri sk 

assessment questions stated in th e knowledge acquisition part. We come up 

with these goals by counting the syndromes which a re identified in the 

previous chapter and th e outcomes of the risk ~ssessment questions. Based on 

these , SeTIKoBS goals include th e followin g: 
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Goall: inguin a l_bubo 

Goal2: genital_ulcer l 

Goa l3 : genita Lulcer2 

Goa l4: urethral discha rge 

Goal5 : vaginaLdischa rge 

Goal6: lower_abdomenaLpainl 

Goa l7: lower_abdomenal_pa in2 

Goa l8: noC indicated_here 

Goa l9 : nothinK-is_ detected 

GoallO:no_syndrome. 

Prolog has a built-in backward ch a ining inference engine . This engine is used 

to derive conclusions using simple backwa rd ch aining. Each ru le has a goal 

and a number of sub-goals, and the Prolog inferencc en gi n e cit.h er proves O f 

disproves each goa l. 

Goal-Driven Reasoning 

The knowledge gathered is struc tured in rules which describe how each of the 

possibili ties might be selected. The rule breaks the problem into sub-problems. 

For example , the following top level rule is in a system which identifies a 

syndrome . 

IF 

symptom is geni tal u lcer 

THEN 

syndrome is genita l ulcer. 

The system would try all of the rules which gav(; information satisfying the goal 

of identifying the syndrome . Eac h would trigger sub-goals. In the case of these 

61 



rule, the sub-goals of determining the ulcer would be purs u ed. The following 

rule is one that satisfies the genital ulcer type sub-goal: 

syndrom(genitaCulcerl) :-

do_you_have(vesiclarUlcer; or recurrent or moreThan3Ulcer), 

diagnose(herpes_Simplex_ Vi,11S), treatment(herpes_Simplex_ Virus). 

syndrom(genitaCulcer2) :-

do_you_have(non VesiclarUlcer;_nonRecurrenClessThan3Ulcer), 

diagnose( syphilis/ chancroids), treatment( syphilis/ chancroids). 

The sub-goals of determining nonVesicia rUlcer,_nonRecurrenl _ 

_ lessThan3Ulcer would be satisfied by asking the user. By h aving the lowest 

level sub-goal satisfied or denied by the user, the system effectively carries on a 

dialog with the user. And the user sees the system asking questions a nd 

responding to answers as it attempts to find the rule which correctly id en tifies 

the diagnosis. 

5.4. Explanation Facility in Expert Systems 

Though an expert system consists prima rily of a knowledge base a nd an 

inference engine, a couple of other features are in tegrated like reasoning with 

uncertainty and explanation to answer questions. For instance 

WHY do you want to know this fact? (i.e. where is the reasoning going?) 

HOW did you deduce this fact? (i.e. how did we get here?). 

Such explanation facilities are useful for instilling confidence in users of the 

expert system. 

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. This can be easily seen in m edical 

diagnostic systems where the expert is not able to be definite about the 
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relationship between symptoms and diseases. In fact, the doctor might offer 

multiple possible diagnoses. 

For expert systems to work in the real world, they must also be able to deal 

with uncertainty. One of the simplest schemes is to associate a numeric value 

with each piece of information in the system. The numeric value represents the 

certain ty with which the information is known. The most common scheme for 

dealing with uncertainty is to assign a certainty factor to each piece of 

information in the system. The inference engine automatically updates and 

maintains the certainty factors as the inference proceeds . In such cases , it is 

easy to modify it to add the corle for explanations . Using such theories to 

attach confidence measures to facts and to rules does not seem to be the way 

humans' reason with uncertainty. 

When we use native Prolog, we don 't have access to th e inference engine. But 

this problem is easily solved by simply writing a Prolog inference engine in 

Prolog. Then, having written the inference engine, we can modify it to handle 

explanations. For example, the processing of why questions in Prolog can be 

handled using gecuser predicate as follows: 

get_user(X,Hist):-

repeat, 

read(X), 

process_ans(X, Hist), !. 

process_ans(why,Hist):­

write(Hist), !, fail. 

process_ans(X, _I. 

Notice that the Hist (history) is a list of goals. So by passing this history along 

to the ask predicates, the ask predicates can now respond to why questions. 
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The dialog with the user would look like: 

?-diagnose 

do_you_have: inguinaCswelling? why. 

[do_you_have(inguinaCswelling), syndrom(inguinaCbubo)J 

do_you_have: inguinaCswelling? 

We can further use how and whynot questions usmg native Prolog which 
t 

determine why an expected resu lL was reached and was not reached . And it is 

easier just to rederive the a n swer. 

But the problem is, as could be seen from the above, in the why explanation 

method, the explanation faci lity is not user friendly and most medical terms 

a re vague. So it is d ifficult to explain the why quesl.ions with such s hort 

definitions. Therefore, a new mechanism is necessary to use explanation as a 

more practica l means of handling uncertainty rather than assign ing a numeric 

value or providing vague explanation method for u se rs. This is because, i.e 

achieve the ultimate goal of SeTIKoBS, a user friendly explanat.ion facility is 

cruc ia l for successful STI syndrome consultation and management. 

As a result, the system developed uses "how" and "help_sti" explanation facility 

to manage STI certainty and explanation of the given syndrome. The "how" 

explanation facility is used for clarifying of how the diagnosing mechanism is 

reached to the given syndrome a nd the "help_sti" explanation facility illustrate 

the general informa tion about STI' including the diagnosed syndrome . In 

add ition to this, the buil t- in Prolog command "help" is used as a Prolog help 

expla n ation facility for the purpose of showing the specifi c part of Prolog 

manual. 

5.5. Review with Domain Experts 

After representing the rules and facts usmg rule-based reasonmg, the 

represented rules a re discu ssed with the experts who were involved in the 

knowledge acquisition phase. The rules and th e e:planation facili t ies were 
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considered straight forward, so there was no objection from the experts. But 

the three no_type cases expressed in SeTIKoBS goal portion, namely 

no_syndrome, nothiniLis_detected and noCindicated_here, were the major 

issues discussed with the experts. Actually there is no no_typc of syndrome in 

practice but to make the Knowledge base complete these syndromes a re 

incorporated with the system. 

The no_type syndrome decla ration is also helpful in defining the correspond ing 

counseling activity. For example, the no_syndrome session will provide advice 

like 'Well! Come back a ny time as necessary.' and the not_indecated_here 

syndrome suggests 'your disease is beyond this system. Please contact lhe 

nearest health service if you have any problem. ' 

In short, the brief descriptions of no_type syndromes are as follows: 

no_syndrome represent a person who refuses to undertake the diagnosis 

session. The noCindecated_here syndrome diagnoses a patient who has STI 

syndrome but not indicated he re. And the nothing iso_detected syndrome fired 

from the system wh~n a person enters to STI diagnosis session either by say ing 

yes to the risk exposure questions or voluntari ly trigger the ses'3ion but no 

indication or positive answer is detected by the system for every askable 

symptoms. The no_type syndr9mes are the effects of appling iterative 

demonstration on the system developed so that to complete the system, they 

a re drawn as types of syndromes. 

After we refined the completeness of the system, we then discussed th e 

consistency of each syndrome. In addition to the contribution of the experts, 

the effect of the review done on the system madc the experts conside red thc 

knowledge represented in the knowledge base were consistent with their own 

knowledge. In the meantime, the built SeTIKoBS code is evaluated with two 

information science students to check the way of the system diagnosis and 

advice, the correctness of the reasoning techniques used 8.nd t.he qua lity of 
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human-computer interaction . So, we gained valuable information that enable 

to enhance the quality of the system. 

In general, the objective of this chapter I S to use knowledge representation 

technique in SeTIKoBS development, i.e. the rule based system. The ru le base 

of this system is a collection of IF-THEN rules that represents the knowledge 

acquired from experts in the syntax of the prolog sh ell , which clarifies how the 

acquired knowledge is represented in the rule based system. Here most of the 

features or structures of a rule based expert system were discussed. The next 

chapter will illustrate the u ser in terface and the performance perspective of 

th is system. 
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CHAPTER SIX 

6. Knowledge Application and Performance 

Measurement 

In the knowledge representation phase, we demonstrated how knowledge is 

modeled with the top-down approach of hierarchical structure using flowchart. 

The model developed is used as a general outline to design the knowledge-base 

which clarifies how the acquired knowledge is represented in the rule based 

system. 

The following discussion covers the user interface aspect, which are the 

application of rule-based structure and the performance measuremen t 

perspective of SeTIKoBS. 

6.1. User Interface 
The system developed with the Prolog shell has used a command driven, dialog 

type user interface. Increasingly these days menus are being used to make 

interfaces easier to understand and work with. Using this Prolog buil C in 

interface, users can interact with the system. Up on initiation, the Prolog 

interface welcomes the user to SWI-Prolog (Multi- threaded , Version 5.4.5) and 

provide" I? -" at the end. This indicates the successful start· up of the syste m . 

To start the diagnosis, the user should write "go.", which is a top level 

command loop, and press the Enter key. The "go" predicate gives the user a 

quick command. At the prompt, a welcome message and the use of the system 

corresponding with system m enus are displayed in the dialogue, as indicated in 

figure 6.1. After reading a command, do is called to execute the command. 
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The go predicate recognizes seven commands: 

• load - Load any knowledge base ; 

• dx (a bbreviation of diagnosis)- Consult the knowledge-base by satisfying the 

top goal of the knowledge-base; 

• how-Used for expla n ation facility of the given diagnos is; 

• help_sti-Provide general information about STI; 

• help-O ffer Prolog h elp window; 

• quit-Ex it from the diagnosis; and 

• halt is u sed to stop Prolog shell. 

~'! :;~'/J-?I:.h.l'J·- <;;!!J\.I<;i.!U""'!; umJ ,,;;!!it"J;/!JELL 6·:::;I!JlI.;:~ i~~J!J!;;;.!JJ 
File Eoil 5ett1'lgs R... DebJg Heb 

o,{, c:/DocUOlents and Settings/DELL 755jDesktop/tJ:ess.pl compiled 0 .00 sec, 28.940 bytes 
Welcome to SWI-Prolog (Multi -threaded, Version 5.4.5) 
Copyright Ie) J 990-2003 UniversIty of Amsterdam. 
SWI-Prolog comes witl1.ABSOLUTELYNO WARRANTY. This is fi·(.! soflww'e, 
and you arc welcome to redistribute it under certain conditions. 
Pl ease visit: http:j /\V\vw .swi-prolog.org fClf details. 

For help , u.e '1- help(Topic). or 7- upropos(Worcl). 

I 7- go. 

Wekome to Sexual Trat'lsmitted Infections Knowledge Base System. 

This is a system used for Diagnosis of Sexur.! Transmitted LuJection s U S U'lg SYI] ciJ'omic Ap proach . 

«« 
Write "dx."and prcss Enter to start the diagnosis.(dx is an a bbreviation for d.iagnosis in medi cine) 
Write "how." LUul prcss Ent.er for explanation of how and why prot of the diaguosed sytuirome. 
Write "heJp_s ri ." und pre~.s Enter to know morc about Sexual '~· ransm.itted Jnfe-c tions. 
Wri te "load." and press Enter to load new prolog [tie. 
Wl-ite "h elp." an d press Eliter to t:omc ~nt:o prolog h cl p window. 
Write "quit.." and press Enter to stop th e dia~~llosc . 
Write "halt." and press Enter to s top the prolog sbell. 

»» I 

Figure 6 . 1. Screen s h ot of the menu page. 

The diagnosis starts if the user selects the "dx." command. The first message 

during diagnosis session is asking the seven risk assessment questions. And 

68 



the system ask the user, as described in figure 6 .2 ., wh eth er there is at least 

one" yes" answer in the risk assessment evaluation . 

~ SWI-P,olog • c:IDocumcnts dnd Settings/Admlnistrdt~,JDesktop/tre5s.pl 
fie Ecit SettllQs RlJ'I Debo;I Hetl 

Write "halt." and press Enter to stop the prolog shell. 
>::» > dx. 

[n the next ques tions , If you have one or more yes then you have a high chance 10 catch with ST1 , 
so please read ca.rfully and evaluate your se lf. 

Do you know any person she/ he might have an ST!? 

Have you begun having any kind of sex yet? 

Have you ever had or seen any STI li ke gen ital ulce r l 

discharge , lower abdominal pai n or ingu inal swelling? 

Have you eve r injected you r self ("shot up"J with narco tic drugs? 

Has your sex partner (5) had any STJ? 

Has any par t of your body been sexual ly exposed to an STI? 

Have YO LI recently d eveloped u ret hral or vaginal discharge, 
genital sour (u lcer], Lower a bdom inal pain or in gu inal swell ing? 

Writ e only "yes" for correct at1 S1!Je I' or "any character" for incorect nnS'IJ€'r then " ," and p r(;;ss ·pnler" nkl 

Figure 6 .2 . Risk assessment questions . 

If the answer is "no", then the system asks permlSSJOn whether the user 

continue the diagnosis system or not. If the user refuses to continue the 

diagnosis session, see figure 6 .3. , then th e sY3tem di s plays a message , gives 

health education and the sesf' ion ends. 
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Write only "yes" for correct answer or "W1.y character" for incorcct allSWCI" then "." and press "en ter' 

dO-Jou _get:one_or_more-yes? : no. 
do-you_Jike_to:tesCfor_sti-now? : no. 

Well! come back any time when necesswy. 

Health Education. 

search and get HIV counselling and Testing. 

use condom and provide for oth ers. 

Please notify for yOUl" panner(s) ,If al1.y. 

Retw"n and check after sometime 

THANK YOU . 

Th e synm"orne is: no_syndrome 

«« 
Wri.te "dx."and pl"ess Enter to start tl"le cliagnosis.(dx is an abbreviation for cl.iagnosis in m edicine 
Write "how." and press Enter for explan ation of how and why part of tl"le diagnosed syndrome . 
,"H~·;tp "h/~ln ", ri " <'Inri n1'~'","<:: ~nt'p1' tn lrnn= mnl"p ~hnllt ~pVl l ~l T'"I'lT"1<:: ln;H-prl T ... fprT1""", 

Figure 6.3 . Diagnosing users who refuse to get the diagnosis session. 

But if the answer is "yes" in the risk assessment evaluation , then the system 

can directly introduce the diagnosis session. At this point, thc query to 

top_goal starts the program and the user is responsible for determining 

whether some of the attribute-values are true. The dialogue in figure 6.4 . 

shows how the system diagnoses a specific syndrome. The predicate ask 

provides this function. The ask predicate has to determine from the user 

whether or not a given attribute-value pair is true. The program needs to be 

modified to specify which attributes are askable. This is easily done by making 

rules for those attributes which call ask. 

For example, 

do_you_have(X):-ask(do_you _have,X). 

gender(X):- ask(gender,X). 

are askable attributes. 
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File [iii Selt~ Run Debug H~ 

Write only ''yes'' for conect an swer 0 1' "any ch aracter" fo r illcorect answer th en "." and press "cnt.er" 

do-you_get:ooe_or_lllorescs? : yes. 
do-you_have:ingull1.al_swelling? : no. 
do~you_have:vesiclarUlcecrccw1.'ent_moreThan3Utccr7 : no. 
do~yo~have:nonVesiclarUIcel--.DonRecurrenclessThan3Ulccr? : no. 
do_you_have:abnol1nal_genital_discharge? : no. 
do s ou_have: abnormal_ vaginal_discharge? : no. 
do-yoll_have: cervicaLexcitation.? : yes. 
do-yoll_h ave:abnorm aLvaginaLblcecling? : yes. 
genuer:fem.ale? : yes. 

your diagnose is acute Pulvic Infiamatory Disease. 

TIllS is a [aLaI disease so contact the nearest health service as soon as posiblc. 

Please take YOlU· treatment properly othenvise you will develop STI compli cation. 

Search and get HfV counselling and Testing. 

use condom and provide for others. 

Figure 6.4. Diagnosing user w ho involves in diagnosis session. 

The s implest version of ask prompts the user with the requested attribute and 

value and seeks confirmation or denial of the proposed information. 

In addition to this , the predicate known/3 is u sed to remember the user's 

answers to questions, a n d the predicate multivalued are letting the attributes 

be multi ·-valued. This might make sense for some attribules such as gender 

which take more than a singlt value. Th e fu ll code is annexed in annex lWo. 

6 .2 . Performance & Evaluation Test 

The performance and evaluation of knowledge- based system is an important 

aspect of knowledge-based system development that is required to prove 

wheth er or not a system fu lfils its origina l objectives and to provide high quality 

counseling a nd diagnosis to the user s (Anumba & Scott, 200 1). 

7 1 



As indicated in the methodology part, (Anumba and Scott, 2001) , the 

performance measurment techniques can be split into two broad types , these 

a re : 

1. Qualitative - employing subjective comparisons of performance; and 

2. Quantitative-employing statistical techniques to compare KBS performance 

again st e ither test cases or human experts. 

For the purpose of this study, both qualitative techniques and quantitative 

techniques are employed for evaluation and performance measurement. 

The commonly applied qualitative techniques to evaluate KBS are outlined 

below (Moore and Miles, 1991; Anumba & Scott, 2001): 

• Visual interaction. This test allows the expert to make comments while 

interacting with the system, altering parameters as desired. 

• Predictive validation. This test involves the use of historic test cases . Th e 

KBS is driven by past data to obtain a set of conclusions. These conclusions 

are compared with that of the histori c case or with expert performa nce. 

• Black box testing. Information is added to a piece of code and sections of, or 

the whole system. Results are predicted and are compared with the actual 

results of the system. 

These lists are not exhaustive but highlight the mam techniques considered 

useful for the evaluation of a knowledge-based system (Moore and Miles, 1991). 

For this research , visual interaction a nd predictive validation techniques are 

employed to test SeTIKoBS performance. Blac k box or other qual itative testing 

techniques were not selected because visual interaction and predictive 

validation techniques are the commonest types of KBS performance testing 

(Moore a nd Miles, 1991); and For the time being, both selected cases are 

enough to test the built prototype KBS. 
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6.2.1. Visual Interaction 

This test a llows the user to make comments while interactin g with the system. 

So the technique was applied as a first test to assess the performance of the 

system from the user perspective. In this regard, SeTII(oBS prototype 

effectiveness test was operated in selected health institutions. For this 

experiment the users were classified into two different groups. The first group , 

using random sampling technique, 12 (twelvc) medical perso ns Uunior a nd 

senior nurses) are selected from a total of 38 nurses. Of the twelve selected 

medical persons, using purposive sampling technique, ten experts were used 

as system evaluators and the other two experts, who currently posted in STI 

clinic, were assigned to help the second group. The second group includes nine 

patients and voluntary SeTIKoBS users. This group was selected and evaluated 

by the two experts mentioned above. Then, the prototype developed was 

deployed in five available standalone computers in the selected health 

institutions and after fu ll explanation about SeTIKoBS , the system was 

evaluated. The analysis of Scl'IKoBS user's performance test, the major 

problems of the system encountered during evaluation process and their 

plausible solutions are discussed as follows. 

No Syndrome Name Gender 
--r----------. 

Correctly Incorrectly 

diagnosed diagnosed 
.---~ 

1 Inguinal bubo IM,2F 1 2 
._-

2 Urethral discharge 2Male 1 1 

3 Geni taC ulcer 1 1Male 1 0 

4 Lower _abdomenal_pain 1 1 Female 1 0 

5 No Syndrome 1M, IF 2 0 

Total 6 3 
'--. - -----

Table 6 . 1. Patient profile for SeTIKoBS users pe,-formance test. 
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Analysis 

From the data shown in table 6 . l., of th e total nine patients, six were 

diagnosed correctly as STI syndrome cases. And the other three were diagnosed 

incorrectly as STI syndrome case but it does not indicate the quality of the 

given model (Moore and Miles, 1991). So for better understanding, as indicated 

in the methodology part, we used confusion matrix. 

Confusion Matrix 

Confusion Matrix displays the distribution of the records in terms of their 

actual classes and their predicted classes. It indicates the quality of the current 

model (Anumba and Scott, 2001). So, to u.nderstand the given data, as 

indicated in the methodology part, the confusion matrix defines four 

parameters. These parameters, as depicted in table 6.2., a re defined as : 

,j, Sensitivity (also called recall rate in some fields) measures the proportion 

of actual positives which are correctly identified as such (e .g. the percentage 

of sick people who are identified as having the condition); 

'*' Specificity measures th e proportion of negatives which a re correctly 

identified (e.g. the percentage of well people 'Nho are identified as no t having 

the condition); 

-i Positive predictive value (ratio of true positives to combined true and false 

positives), which is as much a statement about the proportion of actual 

positives in the population being tested as it is about the test; and 

"* Negative predictive value ratio of true negative to combined true and false 

negative. 

The matrix presented below, shown in table 6.2., indicates that: out of the total 

7 instances which have a cla;;s " Positive", 4 a re correctly diagnosed, whereas, 

3 of the instances are misdiagnosed. Likewise, out of 2 class "Negative" 

instances, 2 are diagnosed correctly and nothing is incorrectly diagnosed. 
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SeTIKoBS 

test 

Patients with STI Syndrome 

Positive 

True Positive 
Positive 

=4 

False Negative 
Negative I 

=0 

Sensitivity 

= TP / (TP + FN) 

= 4/ (4+0) 

= 4/4=100% 

Negative 

False Positive 

= 3 

True Negative 

1=2 

Specificity 

= TN / (FP + TN) 

= 2 / (3 + 2 ) 

= 2/5 = 40% 

Positive predictive 

value 

= TP / (TP + PP) 

= 4/ (4 + 3) = 57.14°/, 

Negative predictive 

value 

= TN / (TN + FN) 

2 / (2 + 0) = 100% 

Table 6.2. Confusion Matrix for SeTIKoBS users performance expe rmenl. 

Hence with almost equal numbers of false positives a nd false negatives, a 

positive SeTIKoBS test is in itself poor at confirming STI syndromes 

(PPV = 57.14%) and further inves tigations must be undertaken, it will though 

pickup 100% of a ll STI syndromes (the sensitivity). In the mean time, as an STI 

test, a n egative result is very good at reassuring that a patient does not h ave 

STI (NPV = 100o/r,) but at this initia l diagnosis SeTIKoBS corrcctly iden tifies 

40% of those who do n ot have STI (the specificity). A specifi city of 40% means 

that the test recognizes some healthy people as healthy. So, further 

investigations were undertaken to ensure high STI syndromes confi rming rate 

a nd to recognize a ll health people as healthy . After we discussed with the 

experts mentioned a bove, th e problems encountered were organized and 

in tegrated into four m ajor classes. These a re : 
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1. Misdiagnosing Syndromes. 

2 . Include n ew syndromes in SeTIKoBS. 

3. Not diagnosing combined syndromes and 

4. Make the langu age easy of use . 

Each case is discussed below together with its solution. 

1. Misdiagnosing Syndromes 

As we see from th e confusion matrix, out of the seven patients who are 

diagnosed STI syndromes, excluding no syndrome which investiga tes th e 

healthy person, 42 .85% of the cases a re misdiagnosed . As the experts 

indicated , the cause of misdiagnosis is due to lack of facts that additionally 

differen tiate the syndrome from other specific diseases. 

For example, in the case of in guin al bubo syndrome, one fact is swellin g of the 

nodes in groin region . Even though this symptom is a n ind icator for the given 

syndrome , there are other cascs li ke infection on th c lower extremities or in the 

perineum (body part of lower of pelvis) which produce swell ing o f the inguinal 

lymph nodes, but strictly speaking this regional enla rgem ent should not be 

regarded as inguina l bubo. Besides, the same is true for urethral di scharge 

syndrome. In this case, m a le semen is considered as abnormal urethra l 

d ischarge. 

In both cases, therefore , there should be other add itional fact(s) which 

differen tiate a syndrome from a nother infection or mislead ing in formation. 

From this perspective , SeTIKoBS is reengineered by applying addit.ional facts to 

syndromes which dis tinguis h syndromes from other diseases u sing the 

knowledge of STI experts. For instan ce, pa inful swelli ng of groin lymph node is 

a uniqu e feature of inguinal bubo syndrome. And to discrimin a te semen from 

other discharge, it is enou gh to add a fact that describe about semen to the 
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knowled ge base . Figure 6 .5 and 6.6 shows th e revised ru le a dded Lo Lh e ru le for 

Inguina l bubo a nd Urethral discharge syndrome respectively. 

Have you recen tly developed ure thral or vaginal discharge, 
genital sour (ulcer], Lower abdom inal pain or ingu inal swelling? 

Write only "yes" for correct answer or "any character" fo r incorect answer then ",' and press "enter" Ok! 

Figure 6 .5 . Rule added for Inguinal bubo syndrome. 

do-you_h ave:ves iclarUlcerJecu rre nl_moreTh an 3Ulcer? : n o . 
do_you_h ave:nonVesicl arUlcer_n onRecurrenl_lessThan3Ulcer? : no . 
dO-J!ou_have :abnormaLgenilaLdischarge? : yes. 
is_lhe_discharge_d iffe re nt:from_semen? : yes. 

:male? : 

Figure 6.6. Rule added for Urethra l discharge syndrome 

Using such methods it is possib le to modify the rules and facLs which help to 

make a syndrome distinct from anoth er syndrome or any other disease . So by 

building up such facts , it can intensify the knowledge base to mitiga te 

misdiagn osis . 

2. Include new syndromes in SeTIKoBS 

This system, as a prototyp e, can diagnose the most frequently seen syndromes 

in health facilities. But some health personnel suggest adding a n ew syndrom e 

to the system whose believe is that the syndrome scrotal swelling I S a s 

important as that of the syndromes built. So building a new sy ndrome is the 

second question. 
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Actually SeTIKoBS p rovides advice for this type of question as: 

"Your disease is beyond the capabili ty of this system. 

Please contact to the nearest health service if you have any problem" 

And it provides "health edu cation on risk reducti on." 

But building a new syndrome is as simple as that of modifying the definitions 

of syndromes which were undertaken above. To add a new syndrome, simply 

define thc rules syndrome(YJ, diagnose (G), treatmenl(Y), th e corresponding 

health education and the expla n a tion facili ty using health_education /0 and 

h ow_why(Y) respective ly . Here the variables Y and G are the arguments which 

indicate the syndrome n a m e and the diagnose(is) which cau se that syndrome 

respectively. The /0 is a rule with no argument. 

Then the n ext issu e is adding the facts to th e s pecific rules and concatenates, if 

necessary, to the related ask, menuask and multivalued. By a dding these 

definitions to prolog source file, it is possible to upgrade SeTlKoBS simply, the 

code added to th e m a in code is attached in annex three . 

3. Not diagnosing combined syndromes 

This complaint is ra ised from both the staff a nd the patient. [n the 

conventional a pproach , what the experts do to solve such kind of p roblem is 

primarily to diagnose th e first STI symptom cvmplained by the patient and if 

there is a nother complaint then continue treatment of the patien t until no STI 

symptom arises. The same is true in SeTIKoBS. Normally, once the user en ters 

into the system , it provides menu in the u ser interface and unless otherwise 

the user uses h a lt or qui t choice, the system can diagnose a ny number of 

syndromes using "dx" command. But not prescribing the sam e drug two times 

for combined syndromes is still the bottleneck. 
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4. Make the language easy to use 

It is known that medical terms are vague and unclear for non medical staff. So 

making the terms clear in meaning or intention is the fourth question which is 

raised from patients. To address such problems, alternative terms were used a s 

an option of lightening the vagueness and unclearness of the word. For 

example , to cla rify 'inguinal bubo', the askable question which is displayed to 

the user is: 

dOJou_have: 

painful_inguinaL swellinlS-or _swollen_glands_ onJoucgroinJegion?: 

Accord ing to the experts, one way of simplifying the phrase 'inguinal swelling' 

is defining inguinal swelling in other term like swollen gland in groin region or 

abscess between thighs and abdomen. Another possibility is using thc how 

command in the user interface menu which helps the user by defining a nd 

exploring the given syndrome in more comfortable way. 

After fixing the necessary modification to the developed SeTIKoBS, pred ictive 

validation test is involved using historical test cases. 

6.2.2. Evaluation Using Test Cases 

This test involves the use of historic test cases. The KBS is driven by past data 

to obtain a set of conclusions. As indicated in the methodology part, these 

conclusions are compared with that of the historic case or with exper t 

performance. Evaluation using test cases (also referred to as predictive 

validation) is conducted mainly by the researcher and, at times, with experts 

present. The main aim of predictive validation is to test SeTIKoBS ability to 

diagnose STI syndromes. Using rough estimation , twenty- five historical test 

cases were selected from STI archives which used to compare the diagnosis of 

the past with that of the system and the experts . These cases were selected by 
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the expert evaluators using random sampling technique so that no bias would 

be introd uced into th e evaluation process. 

Of these historical test cases, by stratifying the cases first and then usmg 

random sampling, on e from each category is selected to use at various stages of 

the system development to detect errors and ch eck that the knowledge within 

th e system is consistent with that of the experts. 

The test cases used to evaluate SeTIKoBS abili ty to manage STI syndromic 

approach are new ones which have not been used in the early stages of the 

system's deve lopment. Initially, the researcher entered a number of random 

cases from the expert's case files into SeTIKoBS. The cases were selected from 

STI department archives randomly . And the system generally dealt with the 

cases very well. Second, test cases were entered into the system by the expert 

evaluators. Four test cases randomly chosen by th e experts, one for each 

exper t and one from each case, were u sed for evaluate during this phase. These 

cases a re briefly described below. Unstructured questionnaires werc 

conducted, in conjunction with entering the cases in to th e system, to help 

ascerta in the expert's views 011 specific aspects of the system's performance. 

Case 1 

Background: This case describes a 35 year old fema Ie patien t compla ining of 

abnormal vagina l bleeding dura tion of 4 hours , cervical excitation, loss of 

appetite , abdomin a l cramp a nd fever. 

Summ ary of results : The system modeled the case well , a lthough the expert 

would have preferred the patien t to refer as u rgen t as possible. He commented 

that if a patient has recent vaginal bleeding and ce rvical exci t.ation then no 

time should be wasted. She must have been referred to the nearest hospital as 

soon as possible th ough h e believes th at it was probably necessary fo r the 

patient to secure intravenous fluid for resuscitation depending on the patient's 
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condition. The exact intervention s in the pati ent's history indicate the 

treatments as secure intravenous fluid and referral to Gandy Hospital (one of 

the hospitals in Addis Ababa specializing in Obstetrics and Gynecology). The 

system a lso implied intravenous fluid treatment as required with urgent refer. 

The risk assessment factors are well represented within SeTIKoBS. The system 

doesn't consider other problems except the two symptoms which cause the 

system to decide on the given problem. The explanation facility a nd remedial 

advice given by the system were considered reasonable by the expe rt eva luator. 

In contrast, the exper t fo rgot the risk assessment question s and advised to 

manage partner for STI case. He agreed that the system camc up with the 

correct solution to the problem and gave the system an overail rating of 82 out 

of 100. 

Case 2 

Background: A 25 year old male patient complained of ulcer in the genital area. 

The ulcers were two in number and they are not recurrent. 

Summary of results: The expert was impressed with the diagnosis providcd by 

SeTIKoBS, particularly excluding Herpes Simplex Virus2 (HSV2) trea tmen t 

which reduces risk of over treatment and save time for paticnts. Accord ing to 

the exper t, using the conventional way, the expert diagnoses this problem as 

genital ulcer syndrome includ ing HSV2. But the system diagnosed th e 

syndrome as genital ulcer2 which exclude HSV2 because this ulcer has 

mutually exclu sive symptoms with other ulcer causes. 

The evaluator agreed fu lly with a ll the risk assessment questions and advice 

given by SeTIKoBS. With the aT'1ount of information required for this case, 

including explanation facility, she considered the system to exceed her 

capabilitics in efficiency because in addition to the diagnosis proccss, this 

system has the ability to trace asymptomatic infections. The evaluator was 
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exceptionally pleased with how she was guided through the casc , rating the 

system at 95 out of 100. 

Case 3 

Background: The case was a simple urethral discharge and burning sensation 

during urina tion which was reported by 19 year old patient. There was no other 

history. 

Summary of results: Both the system and th e expert diagnosed urethral 

discharge syndrom e but they differ in the way they came up with the 

conclusion. In a ddition to urethral discharge, the expert cons idcred burning 

sensation as one symptom to differentiate the diagnosis from other cases. But 

the system did not consider burning sensation as a symptom, rather it checked 

the discharge whe ther it is different from semen. As it was specified that 

burning sensation during urination is possible, n ot a ll cau sative agents wh ich 

cause urethral d ischarge syndrome have burning sensation symptoms. 

The risk assessment, treatment and health education were well represented 111 

the system. Furth ermore, the remedial treatment and heal th education 

recommended by the system were consistent with that of the expert. Th e expert 

considered that the system's risk assessment questions have more useful 

inform ation and the health education was complete. The expert overall system 

rating was 85 out of 100. 

Case 4 

Background: In this case, a 24 year old female patient complained of Oat or 

small nipple like tissue on the genital area. 

Summary of results : Although the expert diagnosed this case as gen ita l wart 

syndrome, he found it difficult to understand the system's diagnosis. Because 

SeTIKoBS diagnose was rather an advice like "Your disease is beyond this 

82 



system. Please contact to the nearest health service if you h ave s uch problem. 

And then provide education on risk reduction ." This was absolutely differenl 

from the expert diagnoses. 

On the other hand, the nam e of this syndrome gIven by th e system was "not 

indicated here" which caused a little confusion during this evaluaLion. The 

main reason fo r this confusion is because SeTIKoBS diagnosed on ly the 

commonest type of STI. And genita l wart syndrome is not common and as such 

is beyond the sco pe of this system. 

But the expert believed that , the risk assessment and hea lth education part 

were well represented in the system. The evaluator finally did not specify an 

overall rating of the system for thi s session. 

Discussion 

In general, th ese evaluations are used to assess SeTIKoBS pe rformance for the 

task for which it is designed. When the experts are asked how well SeTI KoBS 

performed , the Lask for which it was designed, an average rating of 87.3 

percent was given . The percentages used in the evaluation processes are based 

on the ratings given by expert's who evaluate that specific case. So the 

evaluation of SeTIKoBS can be considered a success beca use it has 

demonstra ted that the system has coped well with the test cases, and the risk 

assessmen t and health education generated by SeTIKoBS are considered to be 

of a high standard . 

It is a lso noteworthy that, as evid ent from the test cases , the system is a ble to 

provide (in some situations) more accurate results than that arrived at using 

conventional methods. In addiLion, the experts have 2.lso visualized how future 

extension s of the system will significantly improve their existing S1'I syndrom ic 

approach management. However, the main difficulties encounLered m the 

evaluation were with the expert evaluators nut having enough time for the 
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tes ting. This wa s mainly due to their busy sch edule and frequen t interruption 

of power. 
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CHAPTER S EVEN 

7. Conclusion and Recommendations 
The previou s per spectives have brought to light some issu es of im portance in 

the design of Sexua l Transmitted Infections Knowledge Base System. This 

ch apter illustrates the conclusions dra wn from this work and th e 

recommendations for fu ture work in the a rea. 

7.1. Conclusion 

Sexual Transm itted Infections (STI) a re groups of di seases that a re spread 

from one pcrson to a n oth er mos tly throu gh sexu a l co ntact. They are among 

the common causes of acute illness, a nd even dea th , in th e wo rld. in ordcr to 

mitigate S1'I , there are three a pproach es: n a m ely etiological, cl inical and 

syndromic. Ethiopia 's Ministry of Health h as chosen syndrornic a pproach to 

m a n age STI. Bu t eviden ces indicate that in some oth er developing countries 

this approach has little impact on STI m a n agem ent. In add ition to th is, a 

significant pOrliOl"l of the popula tion, especia lly young people, s till remain 

under information pover ty about STI. 

The main aim of this research work is to provide an a lternative way to make 

compreh en s ive strategy of STi syndromic a pproach managem en t available for 

those who wish this diagnosis a nd m a nagement, wh ich is a lso hopefu lly 

suita ble to the youth. 

So, by integratin g the knowledge-based and Al technologies, a Sexu a l 

Tra n smitted Infections Knowled ge Base Sys f:em (SeTIKoBS) prototype is 

proposed. To build this system , required knowledge is a cquired from exper ts 

and written documenta tions in the area. The acquired knowledge I S 

structured in the form of hiera rchy and rules a re employed in order to 

represent the knowled ge . Using the Prolog built-in in terface, u sers can 

interact wi th the system. Moreover , the system inco rpora tes an expia nOllion 

faci li ty. 
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To assess 8 eTIKoB8 perfo rm a n ce for the task of whic h it is designed , two 

evalua tion techniqu es are used a nd a n average rating of 8 7 .3 percent was 

given by eva lu a tors. 

In genera l 8eTl KoB 8 , as a n alterna tive approach for the m a nagemen t of 8TI , 

gained a dva ntages from all 8TI ma nagement approaches and red uced some 

drawbacks [rom syndromic a pproach . Th e de:nons tra ted system minimized 

ri s k of over treatm ent, which is the advantage of e tiological a pproach and th e 

bottleneck for syndromic approach. Besides, as tha t of clinical approach , 

8 eTIKoBS sa ved patient's diagnosis time. So these advantages granted one of 

the resea rch objectives which improved upon achievement of su s ta ina ble 

reduction s in ra tes of th e common STI. 

Moreover, by u s ing th e risk assessment ques tions a nd providin g casy partncr 

ma n agement, the system developed has th e a bili ty to trace a sym ptoma tic 

infections which reinforces broader prevention beh avior s th a t red u ce ri sk , 

incidence a nd preva lence of both c urable a nd incura ble STI. 
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7.2. Recommendations 

The fo llowing recommendations may be put forward to fu rther enhance the 

functiona li ty of SeTIKoBS in terms of developing the prototype into a fully matured 

operation system 

.:. The Knowledge Base should be expanded through the involvement of large 

panel of experts, and a thorough extraction of applicable rules from WHO 

s ta nda rd texts for the system to be of practical use world wide : 

.:. The scope could be enlarged by way of including a ll syndromes, currently on 

diagnosis u se, integrating follow up rules, and managing complications of STI 

and treatments . 

• :. SeTIKoBS use s static learning. But to incorporate all needed rules in a given 

domain a n d to process incom plete and imprecise data, a sel f-learning system 

should be developed . 

• :. Cost-Benefit: Analysis should be done to objective ly ill u strate the worth of the 

Knowledge Based System . 

• :. A database sys tem s h ould be designed in order to fetch, store a nd update data 

as desired . 

• :. A way s h ould be explored on how to integrate SeTIKoBS with currently existing 

health information systems. 
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Annex One 

The following a re some of th e question s used to monitor the progress of a system: 

• Is the knowledge representation scheme adequate or does it needs to be extended 

or mod ified? 

• Is the system corning up with th e right answers and fo r the righl reason s? 

• Is the embedded knowledge co nsistent with the experts? 

• Is it easy for users to in teract with the system? 

• What facilities an d ca pabilities do the u sers need? 

The above ques tions indicate tha t , as the system is being con stan tly revised, by 

incorporatin g feed bac k from users a nd expert collaborators, the KBS evolves . 
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Annex T W L, 

%This is a systcm ',!">cd [or Diagnosis of Sexual Transmitled Infection using 

Syndromic Apr roach , 

% to start the diagnose s write "go" then "," a nd press "enter", Ok!% 

dO,you _comc(ln v i~; il us) 

0/0 . ................. ... . [) la~~nosis starts .. , ...... ... .... ... .. .. . 

go :­

greeting, 

repeal,nl, 

write('«« l'iC<lse ('!ltc r thc give n choice be low,'),n l, 

write(, Wri le "dX, "<.lil d p ress LS nter to start the diagnos is,(dx is an abbreviatio n [or 

d iagnosis in rr. ,:d ic':,c;),) , nl, 

writer Writ~; "110\0," a nd press En ter for explanation of how and why parl of the 

diagnosed sy nc! :'or: c '). nl , 

write (, Wril2' r:ei ,) ;;t: ," a nd prcss Enter to know more about Sexual Transmitled 

Infections.') , nl , 

wri te r 

write(' 

write(' 

write(, 

Wrile "1020 ,' a nd press Enl'er to load new prolog file.'), n l, 

Write "hel !) ," a n d press Enter to come in to prolog h elp wind ow.'),nl , 

Wrile qu: L. ' :mel p ress Enter to stop the diagnose.'), nl , 

Wri lc 'hal t ' "md press En ter to stop the prolog s he ll .' ), nl , 

write(,»» '), 

read(X) , 

do(X) , 

X == quit , 

greeting :-nl , 

write(, Welcome lo Sexu a l Transmitted Infection s Knowledge Base System.') ,nl ,nl , 

write(, This is :\ sy,' !,cm used for Diagnosis of Sexual Transmitleel Infections u sing 

Syndromic Apf' roa,,'h , '). n I, n!. 
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do(dx) :- solve,'. 

d o (load) :- load kb,!. 

do(how): -how_ \I·hy)','. 

do(help_sti) :-hd p_sti,!. 

do(help) :-help ,'. 

do(ha lt): -h a lL , '. 

do(qu it). 

do(X) :-nl,faiL 

solve :­

a bolish(known , :l), 

top _goal(X), n i, 1.1, 

write('The S),lW[Ql1l,' is : 'j, writc(X),write('. '), nl , n L 

solve :-nl ,nl , 

write(,Well! come bac k any time whe n neeessa ry. '),syndrome(no_syndro rnc},nl , 

write(The syn(::'om~; is : '), writc (' no_.syndrome')' nl. 

h ow_whyy:-n l,wri te(,Choose a ny one of the syndrome you like to cla r ify . ok! '),nl , 

h '.1"I)'(I' I) . 

how_why(no S~Tl di' :' rn c) : - n l , 

write r' No syndrome '),nl,nl , 

write('Th i~; in rii.;i.ltr· ,·o th in g about. yo ur Sexu al Tra n s mitted Infee tion(STI) s ta tu s so 

please undcrsu,,,: \"n a l: STf m l~ans . '),nl, 

wnte (' S'~I a rc !.i' GLi') of disea ses that are sprea d from on e per son to ano ther mos tly 

th ro ugh SeXli<l. Cll"lClI:::.'), n l, 

write(, When 'Vi' cumc to your qu estion , the syndrome is no beea u se '),nl ,nl , 

write (, I. YOI.' !l<ll'C' no yes in risk assessm en t evaluation ques tion s a nd '),n l, 
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write (, 2 . You al C !lot volunteer to test for sti now. '),nl,!. 

how _ why(ing u i nal_bubo) :-n l, 

write(, Ingu inal Bubo Syndrome (Swollen Glands) '),nl,nl , 

write('Tnguin a l bu ilo is defined as a painfu l swelling of the lymph nodes in the 

inguin a l (groi n ) region . The co mmon '),nl, 

write ('When wc com e to your question, the syndrome is inguinat.bubo 

b ') ' 1 ecause: ,n l,n " 

write(, 1. Yo'" h ,,,,e a llcast one yes in risk assessm ent evaluation questions 

a nd'),nl,nl , 

write(, 2. YOl I h<l 'JC inguinal swelling or swollen glands on your inguinal 

region') ,n1. 

help_s ti: -n l, 

write(' Som e Fac ts Aboul Sexual Tran s m ittcd Infections 

(STI). '),n1,nl , 

wri te ('ST! arc ::omup oj' diseases l hat a re spread from one person to a n other mostly 

write(,They re p 'CSl:;,: a major health problem a nd are among th e commonest causes 

of acute illn e s s, an d even death,' ),nl, 

write(, in th e \\',)r ld an d have far ... 

... increasing an d ha s rendered some low cost regimen s ineffective . S1'I can place a 

heavy finane! i.'.: h Ulk Y] on '), nl , 

write(' famili [~ s, co, n.;lunilics a nd health services DaJJ a beUa (1998). '),nl. 

load_kb :-nl , 

write(, Enter fi!r- Il:mlC only w ith the exte ntion ".pl".Please do nol a dd the 

extention ".pl" . . '), 

read (F) , 

reconsult(F) . 
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top_.goal(X): -111 , risk as sessmen t, 

wriLe(' Wri te oilly "ves" for correct answer or "any character" for ineoreet a n swer 

then "," and prcss "enter " Ok! '),nl,nl, 

do-you_get(orl c'_.or more_yes),syndrom(X),nl , 

top_goal(X):- d" yo, ! like _Lo(LesL_fof. s ti-now),syndrom(X),nl. 

syndromc(no : '.' 1": ,'OI-:1C) :-C el Llc r1 lion_ on_risk. reduction, 

syndrom(lnglii .~~! I)! ])0 ) : 

is_the 3\"cl~i l ' g(pal nrul) J 

diagnos': ,[~\ ' , chan cro id), Lrea tmcn t(lgv I ch ancroid) , 

syndrom(uc '1; I" " I '("-1 ) , .. b I , . (.1 L .• \ __ - . -

dO_YOL, i ,~l\ 'C, I'c .3iC:Jilr Ulccf_Ieeurrent_moreThan3Ulcer) , 

diagnos::(, \e]' ;x-s_.Sin: p lcx Virus), treatment(herpes_Simplex_ Virus), 

syndrom(gen i:;!l :.Ikcr2 ) : -

do-you b '1 \TI ',c n Vc siclarUlccr_nonRecurrenClessThan3Ulcer), 

diagnos' '! ;\,;,', i 1::) chancroids), treatm enl(syph ilisl ch a ncroids), 

syndrom(urc :J,"~:: ,i !,i,:ha.rgc) :-

do-you 1"1',',,1', r'llorrmd gen ital_dischargc) ,gender(male) , 

iso_ the, cil: ' :~:lrgc(diITcrcnl from_sem en), 

diagn o'i '; V:;'-'()iT hcal ch la mydia) , treatmenL(gonorrheal c hl a mydia), 

syndrom(vagl: .. l1 d.sc~ arge) :-. 

do-you ii, ve(, b, lOnn al..vaginal_diseha rge) ,gender(female), 

diagn o 'o," ::,C,:l(1ll heal c h la mydial bacterial_ Vaginosisl trichomoniasis), 

treatmer. I gc.: lon'heal chla mydial bacter ia l._Vaginos isl trichomoniasis), 

syndrom(low ,:r "i..,l UJ"en a. pain 1): -

doyou " "c'c'er !ieal cxc ita tion) ,additiona l, gender(female), 

diagnos1c ,,_. !. r- [[)), ~rcaLment(aeui t.PJD), 

syndrom (lowcr ,':'c'u--"cnal pain l):-

do-yo u L' .,..-( hlolllc ll al tc nderness),add iLional,gcndcr(fcma lc), 

diagn o ~" ,c" i' PI D), LrcaLment(acuit_PI D), 
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syndrom(low",- il1JdO'llenal _pain2):­

a dditior" 2 ,,;' nde r(femalc), 

diagn o '->c!;li(;),: rca tmen t(pi d J_ 

syndrom(no L i,];!ic<tted hcrc)- -

doyou h 'lV,;(sti sy m p toms_butnot_indicated_h ere),diagn ose(no_s ti) . 

syndrom(not il i 'lg i3 _ c e tected) :-nl,nl, 

write (' Th ank You for vis itin g STI system diagnos is u s ing syndromic 

approach.Plc ~',· 11< Ip o Lhers to check their status. '),nl, write(, In addition to 

this : ' ),nl,dia g~I"~ '\I'Ol sti) . 

additional: -d ,' ")L he. ve (ahnormal_ vagina l_bleeding); 

doyou :. ,. "(. c<;; nt d c li vcry_abortion) ;doyou_have (pregn a n cy). 

a dditiona12 : - c:) ·c 1 . lHve (ce rviedl_excitation) ; 

doy ou _h avc(L,,)( :'"I,(,:J al tenderness). 

d iagnose(lgv / c. 1,\ ,l. ,-o ;cl); -n I,n l, 

,.,' Lt- :'you r d iagnose is either Lympho_Gra nuloma _Venerclium or 

Cha n croid or)- ,'I._'; ,-.[ ,nl , 

\ ,'u·I' if t.he n odes a re fluctuant then aspirate through healthy 

skin. '),nl ,n l, 

.;" I 1 education. 

diagnose(he ~.'_;"l1: lex Virus) ;-n l,nl, 

diagnose(SYi' 

,. : .. our di agnose is h erpes_Simplcx_Viru s. '),n l,n! , 

<,, 'II ' t he u lcer doesnot improvc after]O days the n '),nl , 

":'go to th e nearcst [.eaith se rvice a nd co ntac t th em. '),n l,n l, 

I , educa tion. 

/' '-ncroids). - rl t,nl , 

d' ),CIlr d iagnose is syphilis / dldn cro id s or both. '),nl ,nl , 

',' I"I,\'H the Li lce, docsnot improve after 10 d ays then. ') ,nl , 

'" .;, go to th e neares t health service a nd contact them .'), n l,ni , 

d 1 education . 

diagnose(gol\:'; '. nlarnydia}:- ni ,nl , 

, '( 'yo u r d iagnose is gon orrhea / e hla m ydia .' ), nl ,n l, 
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II'ril<(' plcase review if symptom persists,') ,nl,nl, 

ilc:tltil education , 

diagnose(go nOtTIl!:il/ ' hlamydia/ bacteria l_ Vaginosis/ t ric homon iasis) :- nl ,nl , 

\\Tilc' l,vo ll: d iagnose is on e of thi s or a combination of a ny of those 

, ') 11 t, 111, 

\\ 'ri tel'gonorrhea / chla mydia/ baeteria l_ Vaginosis/ trich om onias is, ') ,nl ,n l, 

henit!J education, 

d iagnose(ac uit 1'11)\:'I1I,nl , 

wri tel'yo ll!' diagnose is acu te Pulvie Inila m a tory Disease,' ),nl,n l, 

\; rllc l'l'il il is a fa t.a l disease so contac t the n earest h ealth service as 

soon as poslbil' ,') 111,nl, 

he; Itil (' C
l Icallon, 

diagnose(pid ), ,,", 

v,,;, ( diagnose is Pu lvic Inf1amatory Disease, '),nI,nl, 

",r ill ('1' 'V;'W your health condi tion a fter three (3 ) d ay'), nl , 

',' Ii ' .. "'''; i r not respond you are a t r isk s o can tact th e nea rest hea lth 

service .' ),nl , .! 

diagnose(no :,:,) ' ': ,11., 

\<'I'ilcl'y,,)ur d isease is beyond this system '),nl, l1I, 

V" :l< ;'C ~se contact to th e n earest h ealth service if you have any 

problem, 'I , 
I.'~' l "' on risk reduction , 

diagnose (n ol ,i' roo, 

"d I ,dOll on_risk J eduction , 

treatmen t(J b ' / 'I.; ;' :""id):-nl, 

\ '. rl ., TREATMENT '),n l, 

",:it ' I: f10xae in 500 bid for 0 3 days , PLUS' ),nl, 

\", ',cycline 100 mg po bid for 14 d ays or '),n l, 

',;; • '," "I i. rom ye ine 500mg qid for 14 d ays if th e patient is 

eontraindica't" '; ",yeycli n ') ,nl,n l. 
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treatment(hcr:' ':: ,l p lex Virusj; - nl, 

\\'r; l" TREATMENT '),nl, 

'.'1 :,(, , \. ' ) :Iovire 200mg five times per day for 10 days , OR'),nl, 

\I'll<, ',\'\ 'lovire 400m g tid for 10 days ,'),nl,nl. 

treatm cnt(s \"'!.it: "cll.J ncroid s); - nI , 

TI~E!\TMENT 'j,nl , 

\'Tii('i"~':!i~athine pe nicillin 2.4 M, units 1M stat. OR'j,nl, 

,,' :'i:(" do~,ycyclinc 100 mg po bid for 14 days for penicillin a lle rgy 

PLUS'j,n l, 

1',1 :_l' c:jw Jl1oxacin 500 bid [or 03 days , OR'j,nl , 

",' 1': ,( "crYlh romycine 500mg qid for 07 days i[ the patient is 

contraindica:c l, lr) ,;u;,:ycyciin'j,nl,nl. 

treatment(gcJlH, r: 'H'a! ch lamydia j;-

. T!.(: TREATMENT 'j,nl, 

"1 1';' ,, :i'c;;Y<J floxacin 500 tablet mg po stat or spectinornycin 2gm 1M stat 

PLUS'),nl , 

['j (' ,I,-,"cyclinc 100 mg po bid for 07 days or'),nl, 

'" II "" ,;'V' 'lrOmycillc 500mg qid for 07 days if the patient is 

con traind iG.l'(", " ,',ycycl in 'j nl ,nl. 

treatment(go:l,, " ',\' - h lamydla/bac terial_ Vaginosis /trichomoniasis j:--n l, 

THE!\TMENT 'j,nl, 

w l'li;i ' ,)[ Dl10xacin 500 tablet mg po stat or spectinomycin 2gm 1M stat 

PLUS'j,nl, 

WI-;: :('c'()x'icycline 100 mg po bid for 07 days or'j,nl, 

w .. ;: "',:1': thrornycin c 5 00mg qid [or 07 days if the p a tient is 

conlraindicc( (' , , I _wcycl in'),n l, 

\,-,';: ' ':; mC lrc nda zole 500mg bid for 07 days,'j ,nl ,nl. 

treatment(pi"[' ; 

TREAT MENT '),nl , 

wril 'C, :\ ") ;; ':{dcin 500 table t rng po stat or spectinomycin 2gm 1M stat 

PLUS'j,nl, 
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\\.,-il ;('-luxl,:ycl inc 100 mg po bid for 14 days or'),nl, 

w.-i 1';( n\'1 hromyc inc 500mg qid for 14 days if the pa tient is 

con traindica'(,(' !o doxvcyclin'),nl, 

wril ,;("'I,LS metrendazole 500mg bid for 14 days,' ),nl,nL 

treatment(acuil. 111)) ' n l, 

TREATMENT '),nl, 

I'Ti~e('llckrc rcferal, setup an IV line and resuscitate the pa tient if 

, d ') , ' requIre ,n , 11 .. 

health_eduCi 'Li l: '-ill Ill, 

write(' I' ,c; !ol, t: dec your trcaLment properly otherwise you will develop STT 

complicatio n 'J .IL " , 

write(' S ,;;I.-" 1 <oLd gc t HIV counselling and Testing,'),nl ,nl, 

write(, U Ie c, Ilr\o,n and provide for others,' ),nl,nl, 

write(' p'('u~ Ilotify and manage your partner(s),If not you will not cure 

eventhough ,,: I 

write(, \ ,t: I ; 1C given medication,'),nl ,nl, 

writc(, I~Cltl:" IHI' I chcck a fte r completion of treatm ent to check wether you 

improve or 11)1 'I 

write(, F Ii' (','l, ",,' information , use help_sti from the m cnu choicc~; , ' ),nl,nl , 

write(, , , '/ '\J I( YOU, '), n l,nL 

education_o ,' ,i, , ,( duction: -n l,nl,n l, 

write(, ,!",,::h Educa t ion ,'),nl,nl, 

.. ' help_~ I " ... 'il; menu choices,' ),nl ,nl, 

write(, 'l! !/\, 11( YOU, ') ,nl,nL 

risk_assessnl C,I; , 

write(' In th e i"I', t ',L!cs tions, If you have one or more yes then you have a high 

chance to co, (', d'iTT,') ,nl , 

write(, so p ll oL' ,,' ( Ir fully a nd evaluate your seIL'),n l,nl,nl , 

write(' Has :n ,"1' i you r body been sexually exposed to an STJ?'),nl,nl, 
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write(' Have v, 1I :ccc.lt.ly developed urethra l or vagin a l discharge, '), nl , 

write(' geni t;, 1 ,;Ollr (Ilicer), Lowcr abdominal pain or inguinal swelling? '),nl ,nl ,nl. 

do-you_try(X) :- clsk(do you _try ,X). 

dO.y ou_h avc(X : i1sktc0-Y0 u have,X). 

do_you_get(X) :-:l .: :(du vo u . gct ,X). 

doy ou_Jike ~() '< . "c.t:(do. you like_to,X). 

is . the,.disdl'll'gl" X) : - . s k(is_th c . d isch arge,X), 

is .. the. swel l! "';- :-'I,..;,(i s_th e ,;welling,X), 

gender(X): - ">k;i~l·:-tdl:·,X) , 

multivalued ,( , 

multiva luecl. 'u ", 'I w ve ), 

multivalued ,I Ill,', 

multivalued ,b , 

ask(A,V): -

't ('? ') wn e . : , 

read(Y), % IS '; ,11 '::l~\\'er 

asserta(knOl' il Y :'. 'il), 'Yo remember it 

y ~~ yes, % 

ask(A, V): ­

known(yes, 

!. % stop loe, ,', ' 

ask(A, V): -

knownC-, A, 

!, fail. 

ask(A, V): -

r ra il 

, , lccccd if true 

not(multiva lt c, '1./' 

known(yes, ' 

V \~~ V2, 

!, fa il. 

howy(Pl) :- r " '«(1 <lWY, PI, i in guinal_bubo,no_syndrome J) , 
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CDnlr:linrlJCftled to doxycyclin' ),nl , 

w ri l.cl'IIl ad d ition , pa rac ita mol and scrotal support is m a ndatory 

'), 111. 

health_educaLiOll :-n I, 

write(, I kalLh I!:ducation. '),nl, 

write(, P:cHse la l:c; you r treatm e nt properly otherwise you will develop STI 

eomplical iOr1.· ),nL 

write(, Search and ge l HIV counselling and Testing.'),nl, 

write(, L,se c.llld(J, n a nd provide for others .' ),n l, 

write(, p :e;"sc .ou fy a nd manage your partner(s) .If not you wi ll not eure 

eventhou ,;h 'J, 
\ 

write(, Y()L. I:.,k,: '1)(' given mcdication.'),nl, 

write(, J~ clLlJ'll nllei cheek afte r completion of treatment to check wether you 

write(, 1,')1' funlh::' informallon, use how or help .. sti from the menu 

choices.') ,IlI, 

write(, !11t\J-.JK YOU .'), nl,n l. 
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how_why(sC lO l81 s \\"{'lIing):-nl , 

write (, Se:rcLl I Swelli ng Syndrome (Swollen scrotum) '),nl ,nl, 

write(, Scrolal S"'clling is defined a s a painful swelling of the Scrotum region. The 
common '), n l, 

write('sexua lly l r:lns rni tled pathogens that are associated with Scrotal Swelling 
include N.gono rriloe:ae or C. trachomatis. '),nl , 

write(' lf you . HIVe: scrolal swelling suspected of non STI origin like'),nl, 

write('testic tl'~l], :.( "'si :11, I rau ma and inguina l hernia ,they may require '),nl , 

• write('urgen l referral I'or proper s urgical evaluation and management. '),nl. 

write('When we CO: l le to you r question, the syndrome IS scrotal swelling 
because:'),n ' :"11) 

write (, 1. VOl. I': l\,(' yes in r is k a ssessment evaluation questions and'),nl,nl, 

write(, 2. Yon have scrotal swelling or swollen scrotum on your scrotal region') ,n 

write('your leslis have no (rota ted or elevated or history of trauma.'),nl , 

write( 'and y()u r 'c'n~:t r is male') . 
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