International Journal of Academic Engineering Research (IJAER)
ISSN: 2643-9085
Vol. 9 Issue 8 August - 2025, Pages: 154-158

Design and Development of a Clinical Diagnosis Expert System

Wesam H. Ashour and Samy S. Abu-Naser

Department of Information Technology, Faculty of Engineering and Information Technology, Al-Azhar University, Gaza,
Palestine

Abstract: Diagnostic errors remain a significant challenge in healthcare worldwide, contributing to delayed treatment, unnecessary
costs, and avoidable mortality. In many low-resource settings, the shortage of medical specialists exacerbates these challenges. This
research presents the design and development of a Knowledge-Based Expert System (KBES) for clinical diagnosis, focusing on
common diseases such as diabetes, hypertension, respiratory infections, and gastrointestinal disorders. The system employs rule-
based reasoning with forward-chaining inference, enabling transparent and explainable diagnostic outcomes. A structured
knowledge base was developed using IF-THEN production rules derived from medical guidelines, textbooks, and expert
consultations. The system was implemented in Python using an expert rule engine and tested with 30 simulated patient cases. Results
demonstrated an accuracy rate of 87% compared to diagnoses made by licensed physicians. In addition, the system provides a
justification facility to enhance trust and transparency, which is critical in medical decision support. This study demonstrates the
feasibility and effectiveness of knowledge-based systems in supporting healthcare decision-making, particularly in resource-
constrained environments. The findings highlight the ongoing relevance of rule-based Al systems, especially where interpretability
is crucial. Future directions include expanding the disease coverage, integrating uncertainty handling, and conducting clinical trials
for real-world validation.
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1. Introduction

Accurate medical diagnosis is the cornerstone of effective healthcare. Despite technological advancements in medical imaging,
laboratory testing, and health informatics, misdiagnosis remains a pervasive issue. Studies estimate that approximately 12 million
adults are affected by diagnostic errors annually in the United States alone, with nearly half potentially resulting in serious harm.
The problem is magnified in developing regions, where limited access to medical specialists and diagnostic facilities hampers early
and reliable detection of diseases[1-6].

Artificial Intelligence (Al) has emerged as a promising solution for improving diagnostic accuracy and efficiency. While machine
learning (ML) and deep learning have demonstrated remarkable performance in pattern recognition tasks, their “black-box” nature
poses challenges in healthcare, where explainability, accountability, and transparency are essential. In contrast, Knowledge-Based
Systems (KBS), particularly Expert Systems, provide a more interpretable framework by encoding expert knowledge into rule-
based structures that support logical reasoning [7-14].

Medical diagnosis involves complex reasoning processes, requiring the interpretation of symptoms, patient history, risk factors,
and laboratory results. A Knowledge-Based Expert System (KBES) can replicate aspects of this process, offering consistent, rapid,
and explainable diagnostic assistance. Unlike opaque ML models, KBES allow users to trace and understand the reasoning process
behind each conclusion, an indispensable feature in healthcare applications [15-20].

This research introduces the design and development of a KBES for diagnosing common, non-emergency medical conditions. The
system leverages rule-based reasoning with forward-chaining inference, generating diagnostic hypotheses based on user input. The
aim is to develop a cost-effective, reliable, and user-friendly diagnostic aid that can support general practitioners, medical students,
and even patients in preliminary assessments, particularly in resource-limited environments [21-25].

2. Research Objectives
The primary objectives of this study are as follows:

e Design a Knowledge-Based Expert System (KBES): Develop a rule-based diagnostic tool for common medical
conditions.

¢ Knowledge Representation: Encode clinical expertise into structured IF-THEN production rules.
¢ Inference Engine Development: Implement a forward-chaining reasoning mechanism for automated diagnosis.

e User Interface Design: Create a user-friendly interface for symptom entry and results visualization.
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e System Evaluation: Assess the accuracy and reliability of the KBES using simulated patient cases.
e Transparency and Trust: Provide an explanation facility that justifies diagnostic decisions.

These objectives align with the broader goal of improving healthcare accessibility, accuracy, and interpretability through
intelligent diagnostic systems.

3. Problem Statement

Misdiagnosis and delayed diagnosis are persistent issues in healthcare delivery. Several factors contribute to diagnostic errors,
including overlapping symptoms across diseases, physician cognitive biases, information overload, and limited access to
specialized knowledge. In rural and underserved areas, these challenges are exacerbated by the shortage of trained medical
professionals. Existing digital diagnostic tools, such as online symptom checkers, often lack medical rigor and do not provide
transparent reasoning, leading to reduced trust among healthcare professionals.

Moreover, while deep learning models offer high predictive accuracy, their lack of interpretability raises concerns in clinical
environments where practitioners must justify their decisions. This creates a gap in the availability of diagnostic systems that are
both accurate and explainable. Addressing this gap requires a knowledge-based diagnostic support system capable of providing
interpretable, rule-driven results that align with established medical knowledge. This research addresses this need by developing a
KBES tailored to common medical conditions.

4. Literature Review

4.1 Early Expert Systems in Medicine

The concept of Expert Systems in medicine dates back to the 1970s. MYCIN, developed at Stanford University, is one of the
earliest and most influential systems. It diagnosed bacterial infections and recommended antibiotic treatments using a rule-based
approach with certainty factors to handle uncertainty. MY CIN demonstrated performance comparable to expert physicians but was
never deployed clinically due to legal and ethical concerns [21-26].

Another notable system, INTERNIST-1, developed at the University of Pittsburgh, used an extensive knowledge base to diagnose
over 500 diseases. Although highly comprehensive, its complexity and maintenance challenges hindered widespread adoption [27-
33].

4.2 Knowledge Representation and Reasoning

Expert systems typically employ rule-based knowledge representation, encoding expertise into IF-THEN rules. Inference engines
apply logical reasoning to draw conclusions from user input. Various uncertainty-handling techniques have been integrated into
these systems, including certainty factors, Bayesian reasoning, and fuzzy logic, to improve robustness in handling ambiguous
symptoms [34-40].

4.3 Hybrid Approaches and Modern Trends

Recent advancements in Al have led to the development of hybrid systems that combine knowledge-based reasoning with machine
learning. For instance, [41-45] proposed a hybrid neuro-symbolic system that integrates deep learning with symbolic reasoning to
improve diagnostic accuracy and interpretability. Similarly, explainable Al (XAIl) has gained traction as a means of enhancing
transparency in medical decision support systems.

4.4 Comparative Analysis

A review of existing diagnostic systems reveals trade-offs between accuracy, transparency, and usability. While ML-based systems
achieve high accuracy, they lack explainability. Conversely, knowledge-based systems provide transparent reasoning but are
constrained by predefined rule sets. The proposed KBES in this study seeks to balance these factors by offering interpretable,
reliable, and context-specific diagnostic support [46-50].

5. Methodology

5.1 System Architecture
The proposed KBES comprises five core components [61-72]:
1. Knowledge Base: A repository of clinical rules and medical knowledge.
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2. Inference Engine: Applies forward-chaining reasoning to derive diagnoses from input data.

3. User Interface: Provides an interactive platform for symptom entry and diagnostic feedback.
4. Explanation Facility: Justifies the reasoning process by presenting activated rules.
5. Knowledge Acquisition Module: Allows experts to update and expand the knowledge base.

5.2 Knowledge Representation
Medical expertise was encoded using IF-THEN rules. For example [73-78]:

IF patient has frequent urination AND excessive thirst AND unexplained weight loss
THEN possible diagnosis is Diabetes Mellitus.

Rules were derived from clinical guidelines, textbooks, and consultations with physicians.

5.3 Inference Mechanism

The inference engine uses forward chaining, starting with patient-reported symptoms and iteratively applying rules to generate
potential diagnoses. A conflict resolution strategy prioritizes rules based on specificity and clinical relevance.

5.4 Implementation

The system was implemented in Python using a rule-based engine. The knowledge base was stored as a structured dataset, while
the interface was developed with a simple GUI for ease of use. The explanation facility provides users with the chain of rules
activated during reasoning.

5.5 Testing and Validation

The KBES was tested with 30 simulated patient cases across four disease categories: diabetes, hypertension, respiratory infections,
and gastrointestinal disorders. Diagnoses were compared with those of licensed physicians to evaluate system performance.
Metrics such as accuracy, precision, recall, and F1-score were calculated.

6. Results

The KBES achieved an overall diagnostic accuracy of 87% across 30 test cases. The confusion matrix indicated high sensitivity
for diabetes and hypertension but moderate performance for gastrointestinal disorders due to symptom overlap.

Case Study Example

A patient presenting with fever, cough, and chest pain was diagnosed by the system as having a respiratory infection. The
explanation facility displayed the rules triggered, showing a transparent reasoning chain that matched the physician’s diagnosis.

Performance Analysis
e Accuracy: 87%
e Precision: 84%
e Recall: 85%
e Fl-score: 84.5%
e Average Response Time: <2 seconds per case

These results demonstrate the system’s ability to deliver rapid, transparent, and reasonably accurate diagnostic support.

7. Discussion

The findings highlight the potential of rule-based KBES in healthcare decision support. Unlike ML models, which require large
datasets and complex training, KBES can be developed and maintained with structured medical knowledge. Its transparency makes
it well-suited for educational purposes and primary care environments.

Strengths
¢ Interpretability through explanation facility.
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High accuracy for common diseases.
Low cost and fast response time.
Easy to update with new rules.

No reliance on large training datasets.

Limitations

Restricted to predefined diseases and rule sets.
Unable to learn from new data autonomously.
Performance depends on quality and comprehensiveness of rules.

Limited applicability for rare or highly complex conditions.

8. Future Work
Future research will focus on:

Expanding the knowledge base to cover a wider range of diseases.

Integrating fuzzy logic to handle uncertainty in symptom interpretation.

Developing a hybrid model that combines rule-based reasoning with ML for adaptive learning.
Deploying the system on cloud platforms for scalability and remote access.

Conducting clinical trials to validate effectiveness in real-world settings.

9. Conclusion

This research successfully designed and developed a Knowledge-Based Expert System for clinical diagnosis using rule-based
reasoning and forward chaining. Implemented in Python with a user-friendly interface, the system achieved an 87% accuracy rate
in simulated testing. By providing transparent and explainable reasoning, the KBES addresses key limitations of black-box Al
systems, offering a valuable diagnostic tool for primary care, education, and resource-limited environments. The study reaffirms
the relevance of knowledge-based systems in the Al era, particularly where interpretability and trust are essential. Future work will
enhance system scalability, adaptability, and real-world applicability.
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