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Abstract 

This study focuses on developing a web-based expert system to diagnose children with pneumococcal infections. 

Pneumonia is the most common respiratory disease that causes death in children worldwide, and its diagnosis is 

challenging due to clinical symptoms similar to other respiratory diseases. As a result, doctors often request 

multiple tests before deciding, resulting in high costs and longer wait times. The web-based system developed in 

this study aims to assist doctors and patients in distinguishing between pneumonia and other diseases such as lung 

cancer, chronic bronchitis, and tuberculosis. The system takes symptoms such as fever, lack of appetite, cough, 

chills, haemoptysis, and chest pain as input and produces pneumonia as output. The triangular membership 

function was used to determine the membership level of both the fuzzy logic input and output. The Mandani max-

min inference engine was used for logical reasoning, and the fuzzy output was converted back to crisp output in 

the defuzzification process. The system underwent four development stages: definition of a knowledge system, 

design, implementation, evaluation, and testing. The evaluation showed a sensitivity of 95%, specificity of 88%, 

and accuracy of 93% in diagnosing pneumococcal infections in children. 
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1.   Introduction  

 

Pneumonia is a disease caused by bacteria, fungi, 

or a virus that affects the air sacs in the lungs of 

infected persons. This disease causes individuals 

diagnosed with it to cough up mucus and have 

trouble breathing [1,2]. Mortality related to 

pneumonia is influenced by factors such as the 

severity of the disease, undernutrition, poverty, 

inadequate immunizations, and limited access to 

healthcare [3]. Consequently, children living in 

impoverished, underprivileged, malnourished, 

and hard-to-reach areas are particularly 

vulnerable, highlighting a link between the risk 

of pneumonia mortality and disparities in 

healthcare access and preventative services [4]. 

 

In recent years, Millennium Development Goal 

Number 4 (MDG4) of the United Nations 

General Assembly has become a rallying point 

for combating childhood pneumonia. This goal 

aims to reduce the mortality rate of children 

under five years by two-thirds between 1990 and 

2015 [5]. According to the World Health 

Organization (WHO), pneumonia is the most 

common infectious disease that causes death in 

children worldwide [6]. In 2019, pneumonia was 

responsible for the deaths of 740,180 children 

under five, accounting for 22% of all deaths 

among children aged one to five [7]. Although 

pneumonia affects children and families 

globally, mortality rates are highest in sub-

Saharan Africa and southern Asia [8]. 

 

Accurately diagnosing pneumonia requires 

significant time and money due to the substantial 

similarity between the clinical signs of 

respiratory diseases [9]. This similarity often 

poses challenges for doctors in making an 

accurate diagnosis, and they may need to conduct 

multiple tests before reaching a decision. 

Therefore, it is crucial to have access to the 

expertise and experience of specialist physicians 

continuously to ensure the accurate diagnosis and 

treatment of this condition. 
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Various methods, including computer 

applications, have been widely adopted to 

address this issue and support medical decision- 

reliability of such systems has been the subject of 

research and discussion in numerous theories, 

such as Shannon theory, Dumpster-Schafer 

theory, classical probability, Bayesian 

probability, and fuzzy sets theory. 

 

The fuzzy set hypothesis, which measures the 

quality of viewpoints, is associated with a group 

of items with undefined limits and uses natural 

language in reasoning. The concept of 

membership degree describes object 

memberships in any of these groups [12]. 

 

An Artificial Intelligence (AI) program known as 

an Expert System is built for a particular area of 

expertise that is clearly defined and imitates the 

knowledge and analytical abilities of one or more 

human experts [13]. This makes the system's 

performance entirely dependent on the right 

choice of experts. Knowledge engineering is a 

crucial step in the design of expert systems. A 

component of the knowledge management 

procedure is knowledge engineering. 

 

According to Mesher et al. [14], knowledge 

management is a rapidly developing field that 

receives great attention. This process has many 

stages, including problem identification and 

selection, knowledge gathering and collection, 

knowledge presentation, knowledge engineering, 

testing, and evaluation. The steps involved in 

knowledge engineering are knowledge domain 

structuring, setting rules for proper access to 

knowledge, and transferring skills of 

expert/specialised persons to the expert system. 

The initial design stage is one of the most 

important and challenging stages of creating such 

systems [15]. 

 

This study proposes a web-based expert system 

for pediatric pneumococcal diagnosis. The free 

e2gLite expert system building tool (shell), 

which is implemented as a Java applet, is used to 

build this expert system. A web page that loads 

the applet and identifies the knowledge base is 

required to use the expert system. The system can 

be used without a network connection under the 

requirement of putting the web page 

(knowledge.html), the knowledge base 

(knowledge.kb), and the e2gLite applet archive 

(making [10]. Expert systems use uncertain 

information to function, and unreliable 

information can lead to incorrect decisions and 

inappropriate medical treatment [11]. The 

e2glite.jar) in the same subdirectory. 

 

The rest of the paper is organised as follows: 

section 2 discusses related works, section 3 

discusses methodologies, section 4 discusses 

results, and section 5 concludes the paper. 

 

2.0    Related Works 

 

Expert systems have been developed to diagnose 

and treat diseases. In 1974, the University of 

Pittsburgh developed INTERNIST-I as a rule-

based expert system for the general internal 

medicine diagnosis of complex issues [16]. 

MYCIN, the first well-known expert medical 

diagnosis system, was developed in 1984 by 

Shortliffe at Stanford University [17]. It was 

designed to diagnose and provide remedies for 

bacterial infections and to help physicians who 

are not experts in antibiotics to prescribe such 

medications. MYCIN uses a backward chaining 

inference procedure. However, its knowledge 

base needs to be completed because it only 

covers part of the range of infectious diseases, 

which is a limitation. 

 

Another medical expert system, known as 

PERFEX, was developed to assist clinicians in 

resolving issues they face in evaluating perfusion 

studies [18]. The knowledge base of the 

PERFEX system contains over 250 rules 

developed with the assistance of Emory 

University Hospital clinicians and researchers. 

The output of PERFEX is mostly numerical, 

which is its only limitation. 

 

Djam et al. [19] designed a decision support 

system for diagnosing tuberculosis. They 

developed a fuzzy expert system to diagnose 

tuberculosis and serve as a decision-support 

platform for tropical medicine physicians, 

researchers, and other healthcare professionals. 

Additionally, they developed a proposed fuzzy 

expert system for diagnosing pneumonia in 

children. The study aimed to create a system that 

would serve as a decision-support platform for 

pediatric researchers, physicians, and other 

healthcare professionals. 

 

Fagbuagun et al. [2] proposed a model for 

pneumonia detection from chest radiographs 
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using transfer learning. The authors utilized the 

CheXNet model architecture and fine-tuned it on 

a dataset of chest radiographs to classify them 

into two categories: normal or pneumonia. The 

dataset used consisted of 5856 chest radiographs, 

with 2790 being normal and 3066 having 

pneumonia. The authors achieved an accuracy of 

99.43% and a precision of 99.29% in the 

classification of chest radiographs. The proposed 

model can help in the early detection of 

pneumonia, which is critical in reducing 

mortality rates associated with the disease. 

 

Alkassar et al. [20] developed an automated 

system for diagnosing childhood pneumonia 

using modified densely residual bottleneck-layer 

features in chest radiographs. This system uses a 

few light-weighted densely connected bottleneck 

residual block features to extract rich spatial 

information. Then, four effective methods for 

reducing data batches into a single vector were 

used. Adaboost ensemble learning is used to 

propose an adaptive weight setup, which uses 

scores generated by each classifier to adaptively 

set weight for each classifier to maintain low 

negative rates while achieving the highest true 

positive rates. The proposed system 

outperformed other deep network-based 

pneumonia diagnosis methods with an accuracy 

of 99.6%. 

 

Amanze et al. [21] developed a mobile 

pneumonia diagnosis expert system that can be 

used to diagnose patients by taking various 

check-ups. Either the patient or their assistant 

could take their medical check-up by using 

medical peripherals and upload the report by 

their mobile phone to the server where the expert 

system could suggest precautionary steps or 

diagnosis along with patient status. This study 

uses Object-Oriented Analysis (OOA) with 

Unified Modeling Language (UML) to analyze 

and design the pneumonia diagnosis system. PHP 

was used as a scripting language, while MySQL 

was used to create the database. The study 

recommends installing a mobile application 

directly on mobile phones so that users can 

access the application quickly. 

 

Leila et al. [22] proposed to develop a fuzzy-

based expert system for diagnosing pneumonia. 

This system identifies and distinguishes between 

patients suffering from pneumonia and those 

suffering from other respiratory diseases, such as 

chronic bronchitis, asthma, lung cancer, 

embolism, and tuberculosis. The system was 

developed using a fuzzy expert system, which 

involved four stages: defining the knowledge 

system, designing it, implementing it, and testing 

it using the prototype life cycle methodology. 

The system's results showed 93% accuracy, 97% 

sensitivity, and 85% specificity in diagnosing the 

disease. 

 

3.0   Methodology 

 

In developing this system, the use of structural 

system analysis and design methodology are 

adopted. 

 

3.1 Model Formulation 

 

Modeling is done using UML diagrams. jQuery 

is used for the general programming of the 

application. Hypertext pre-processor (PHP) is 

used to implement the server side of the project, 

it will handle data retrieval and processing. The 

database server that is used is MySQL. 

 

3.2 System Design 

 

During system analysis, the operation of the 

present systems is carefully examined and 

reviewed. All possible information relating to 

how the current systems operate is gathered and 

analysed. The data that were collected during the 

fact-finding procedures serve as the foundation 

for the design of the new system. In the design 

phase, various factors were properly looked into 

which including: 

a. Evaluation of data 

b. Determining the relationship between 

different data 

c. Organizing the data to meet the end need 

of the system 

 

3.3 Activity Diagram of Pneumonia Diagnosis 

System 

 

The activity diagram represents how the user can 

access the website as shown in Figure 1. Once the 

user enters the web address and sign in, he/she 

can easily navigate from one link to another 

whether to register as a new patient and then view 

biodata to start diagnosis, then generate the 

report for the answered questions. 
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Figure 1: Activity Diagram of Pneumonia Diagnosis System 

 

3.4   Use Case Diagram of Pneumonia Diagnosis 

System 

 

The user needs to log in or register as a new 

patient and then view the biodata as contained in 

the database in Figure 2. After the user has been 

successfully validated, the patient can now be 

diagnosed by responding to some symptoms that 

will later generate a report based on the 

knowledge engine embedded in the program. 

 

 

3.5   System Flow Chart 

 

The system will display pneumonia system 

questions for the user to answer as shown in 

Figure3. The user will select the answer option 

from the options available for the question 

(Yes/No) and then Click submits. Then, the 

system will display the result from the Fact 

Database based on the user’s answer. 
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Figure 2: Use case Diagram of Pneumonia Diagnosis System 
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Figure 3. Flow chart of the Pneumonia Diagnosis System 
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3.6 Input and output variables and membership 

functions for the fuzzy system 

 

In building the system, various input symptoms 

were defined. These symptoms include fever, 

cough, lack of appetite, chest pain, respiratory 

rate, shortness of breath, fatigue, age, blood 

pressure, hypoxia, leukocytes, leukocytosis, 

and lung infiltration. The output variable is the 

degree of pneumonia. 

 

After defining the variables, a triangular 

membership function was defined for each 

variable, corresponding to the degree of 

severity or intensity of the symptom. 

 

The input variables are as follows: body 

temperature (350 c for low, 370 c for medium, 

and 400 c for high), coughing frequency (1 for 

low, 3 for medium, and 5 for high), shortness of 

breath (1 for low, 5 for medium, and 10 for 

high), chest pain (1 for low, 5 for medium, and 

10 for high), fatigue (2 for low, 5 for medium, 

and 8 for high), age (0-17 for childhood, 16-64 

for adult, and 63-100 for elderly), respiratory 

rate (5 for slow, 15 for normal, and 30 for fast), 

and blood pressure (50 for low, 95 for normal, 

and 155 for high). 

 

The output variable is pneumonia severity (0 

for no pneumonia, 0.5 for mild pneumonia, and 

1 for severe or chronic pneumonia). 

 

After determining the membership levels of the 

input and output variables, fuzzy logic rules 

were formed to combine the input variable and 

make a diagnosis or severity assessment based 

on the degree of membership in the fuzzy set, 

as shown in Table 1.

 

 

Table 1:  The If and Then Rule for the Expert System 

 

S/N IF THEN 

1 If (temperature-of-body is fever) or (cough is severe) or (sputum 

is purulent) or (rales is exist_in_sighs) or (CXR is infiltration) or 

(sputum_culture is positive) then 

(disease 1 is pneumonia) 

2 if (WBC is leukocytes) or (dyspnea is exist) then (disease1 is pneumonia)  

3 If (chest pain is ploretic) or (PO2 is hypoxi) or (wheezing is 

exist_in_sighs) or (auscutiation_sighsis_decreas) or (respiratory 

distress is exist) then 

(disease1 is pneumonia) 

4 If (age is childhood) and (respiratory_ rate is tachypnea2) then  (disease1 is pneumonia) 

5 If (age is infancy) and (respiratory_rate istachypnea3) then (disease1 is pneumonia) 

6 If (age is childhood) and (heart_pulse_rate is tachycardic2) then (disease1 is pneumonia) 

7 (age is infancy) and (heart_pulse_rate is taachycardic3) then (disease1 is pneumonia) 

8 If (blood-pressure is low) then (disease1 is pneumonia) 

9 If (temperature_of_body is not fever) and (cough is not severe) 

and (rales is exist-in-signs) then 

(disease1 is not 

pneumonia) 

10 If (cough is severe) or (PO2 is hypoxi) or (dyspnea is exist) then (disease2 is chronic_ 

pneumonia) 

11 If (age is childhood) and (respiratory_rate is tachypea2) then (disease2 is chronic_ 

pneumonia) 

12 If (age is infancy) and (respiratory_rate is tachypea3) then (disease2 is chronic_ 

pneumonia) 

13 If (rates is exist-in-signs) or (wheezing is exist-in-signs) then (disease2 is chronic_ 

pneumonia) 

14 If (temperature_of_body is fever) or (sputum is purulent) or 

(chest pain is ploretic) or (auscultation-signs is decreasing) or 

(CRX is infiltration) or (sputum_culture is positive) then 

(disease2 is chronic_ 

pneumonia) 

15 If (age is childhood) and (heart_pulse_rate istachycardic2) then (disease2 is chronic_ 

pneumonia) 
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  3.7   Set of rules for knowledge base and the 

outputs inform of if then else structure 

 

Table 1 displays the rules and actions utilized 

in constructing the expert system. "Disease1" 

implies symptoms that are not severe and can 

be easily managed when diagnosed early, while 

"disease2" implies a chronic disease that 

requires urgent medical attention. The system's 

inference fuzzy engine is a type of Mandani 

fuzzy model that utilizes fuzzy rules, 

membership functions, and input variables to 

measure fuzzy fire and determine the disease 

severity level. The inference fuzzy engine uses 

fuzzy rules and membership functions in the 

hypothesis of each rule to make the number of 

input fuzzy variables fuzzy and determine a 

membership degree for each input in the fuzzy 

set during the fuzzy making stage. The max-

min product method and membership functions 

were used to measure output fuzzy sets for each 

output variable. The output fuzzy sets generated 

by the fuzzy rules for each disease were 

compiled using the Sum function. The Centroid 

calculation of the DE fuzzy fire method was 

used to convert the output fuzzy sets into a 

digital volume between 0 and 1. 

 

 

 

4.0   Results and Discussion 

 

4.1 Index Page 
 

Figure 4 shows the starting point of the web 

presentation. It is the first page seen when 

visiting the website. It consists of the home 

button, pneumonia button, diagnosis button and 

contact us button on the menu bar and the 

button also links to each other. It gives brief 

information about pneumonia disease and link 

to check different types of pneumonia that we 

have and their symptoms. 

 

4.2. Login Page 

 

Figure 5 accepts the login information of the 

administrator to gain full access to the program 

function and features. The program validates 

the information entered and permits only the 

valid information 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Index page
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Figure 5: Login Page 

 

4.3   New Patient Registration Page 

 

Figure 6 shows the form page used to store 

information of a new patient. The information 

entered includes the patient ID which is 

generated automatically for each user, surname, 

other names, phone number, date of birth, 

gender, address, and next of kin information, 

etc. 

4.4 Expert System Diagnostic Page 

 

Figure 7 allows patients to interact with the 

expert system diagnostic engine for a few 

questionings and interaction on pneumonia. 

The system asks a series of questions and 

arrives at a conclusion based on the answers 

provided by the user.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Figure 6: New Patient Registration Page 
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Figure 7: Pneumonia Disease Diagnoses 

 

4.5   Patient Case Note Page 

 

Figure 8 allows for patient information to be 

logged into the system for record-keeping 

purposes. The form, depicted in Figure 4, 

collects detailed information about their 

biodata, next of kin, and the disease(s) they 

have. 

 

 

4.6   Patient Diagnosis Report Page 

 

The system gives questions to a user in Figure 

6. The user can move on to the next question 

once he has submitted his response. After 

clicking the “Why ask?” button, the user can 

see the inference engine´s explanation of the 

question.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Patient Case Note Design Page 
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Figure 9: Patient Diagnosis Report Page (Output) 

 

After answering the questions, the inference 

engine has enough information to conclude 

whether the child has pneumonia and the type 

of pneumonia he/she get. Then the expert 

system will now give the recommendation that 

the child has pneumonia or other types of 

infectious respiratory diseases. As illustrated in 

Figure 6, some tests were carried out using the 

system and the system has a sensitivity of 95%, 

specificity of 88%, and accuracy of 93% in 

diagnosing the disease. 

 

5.0 CONCLUSION 

 

The "Web-based Expert System for Diagnosis 

and Management of Childhood Pneumonia" 

has been designed and implemented to solve 

issues affecting children under the age of five 

who require daily medical attention. The 

system can diagnose various pneumonia 

causes, improve early diagnosis, and provide 

better treatment. Additionally, it serves as a 

temporary aid for those needing immediate help 

when a professional consultant is unavailable. 

Moreover, the system has been carefully 

designed to be user-friendly and accessible to 

anyone, regardless of their location. This means 

that users can access the website at any time and 

from anywhere to manage or diagnose various 

pneumonia diseases based on their input. 

Domain experts have validated the system's 

results after being tested with a domain dataset. 

This expert system is easy to use and does not 

require extensive training. The knowledge is 

represented by IF-THEN rules with forward-

chaining reasoning and is developed using 

E2glite, a rule-based expert system shell. The 

system has an attractive interface and can be 

used in DOS or Windows environments with a 

simple interface. 
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