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Abstract: 
Expert systems have been used in medical diagnosis for several decades, but their performance has 
been limited by their reliance on a pre-defined set of rules and a knowledge base. Machine learning, 
on the other hand, has shown great potential for improving the accuracy and efficiency of medical 
diagnosis. In this paper, we explore the use of machine learning techniques to enhance the 
performance of expert systems in diagnosing medical conditions. First, we provide an overview of 
expert systems and their limitations in medical diagnosis. We then discuss the different types of 
machine learning algorithms that can be used in conjunction with expert systems to improve their 
performance. We also provide examples of successful applications of machine learning in medical 
diagnosis. One of the most promising applications of machine learning in medical diagnosis is in the 
area of image recognition. Machine learning algorithms can be trained to recognize patterns in 
medical images, such as X-rays, CT scans, and MRI scans. These algorithms can then be integrated 
into an expert system to assist with the diagnosis of various medical conditions. Another promising 
application of machine learning in medical diagnosis is in the area of predictive modeling. Machine 
learning algorithms can be used to learn patterns in large medical datasets and then develop 
predictive models that can be used to identify patients who are at risk of developing certain medical 
conditions. These models can be integrated into an expert system to assist with early detection and 
prevention of diseases. Finally, we discuss the potential benefits and challenges of using machine 
learning in expert systems for medical diagnosis. While machine learning can improve the accuracy 
and efficiency of expert systems, it also requires large amounts of high-quality data and can be 
computationally intensive. Additionally, there are concerns around the interpretability and 
transparency of machine learning models, which can affect their trustworthiness and adoption in 
clinical settings. 
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I. Introduction: 
Expert systems have been used in medical diagnosis for several decades. These systems are 
computer programs that are designed to mimic the decision-making abilities of human experts in a 
particular domain. They work by using a set of rules and a knowledge base to analyze patient data 
and generate a diagnosis or treatment recommendation. Expert systems have been shown to be 
effective in a variety of medical domains, including dermatology, ophthalmology, and radiology. 
However, their performance is limited by their reliance on a pre-defined set of rules and a knowledge 
base. Machine learning, on the other hand, has shown great potential for improving the accuracy and 
efficiency of medical diagnosis. Machine learning algorithms are designed to learn patterns and rules 
from data, rather than relying on pre-defined rules. These algorithms can be trained on large datasets 
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of patient data and medical images, and then used to generate predictions or diagnoses for new 
patients. The use of machine learning in medical diagnosis has been growing rapidly in recent years. 
Several studies have shown that machine learning algorithms can outperform human experts in 
certain diagnostic tasks, such as identifying skin lesions or predicting heart disease. Machine 
learning has also been used to develop predictive models for various medical conditions, such as 
diabetes, cancer, and heart disease.In this paper, we explore the use of machine learning techniques 
to enhance the performance of expert systems in diagnosing medical conditions. We first provide an 
overview of expert systems and their limitations in medical diagnosis. We then discuss the different 
types of machine learning algorithms that can be used in conjunction with expert systems to improve 
their performance. We also provide examples of successful applications of machine learning in 
medical diagnosis. 
 
1.1.  Expert Systems in Medical Diagnosis 
Expert systems have been used in medical diagnosis since the 1970s. These systems were initially 
developed to assist with the diagnosis of dermatological conditions, but their use has since expanded 
to other domains, such as ophthalmology, radiology, and oncology. Expert systems work by using a 
set of rules and a knowledge base to analyze patient data and generate a diagnosis or treatment 
recommendation. The knowledge base in an expert system is typically created by human experts in 
the field. These experts identify the key diagnostic features of a particular condition and create a set 
of rules that can be used to analyze patient data. For example, in dermatology, an expert system 
might use a set of rules to analyze the color, shape, and size of a skin lesion to determine whether it 
is malignant or benign. While expert systems have been shown to be effective in certain diagnostic 
tasks, their performance is limited by their reliance on a pre-defined set of rules and a knowledge 
base. These systems are only as good as the knowledge base that they are built upon, and updating 
the knowledge base can be time-consuming and difficult. 
 
1.2. Machine Learning in Medical Diagnosis 
Machine learning, on the other hand, has shown great potential for improving the accuracy and 
efficiency of medical diagnosis. Machine learning algorithms are designed to learn patterns and rules 
from data, rather than relying on pre-defined rules.  
These algorithms can be trained on large datasets of patient data and medical images, and then used 
to generate predictions or diagnoses for new patients. One of the most promising applications of 
machine learning in medical diagnosis is in the area of image recognition. Machine learning 
algorithms can be trained to recognize patterns in medical images, such as X-rays, CT scans, and 
MRI scans. These algorithms can then be integrated into an expert system to assist with the diagnosis 
of various medical conditions. For example, in radiology, machine learning algorithms have been 
used to develop automated systems for identifying lung nodules, breast tumors, and bone fractures. 
These systems can analyze medical images and generate a diagnosis or treatment recommendation, 
which can be used to assist radiologists in their work. Machine learning has shown great potential for 
improving the accuracy and efficiency of medical diagnosis. Machine learning algorithms can learn 
patterns and relationships in data, and then use this knowledge to make predictions and decisions. 
There are several different types of machine learning algorithms that can be used in medical 
diagnosis, including supervised learning, unsupervised learning, and reinforcement learning. 
Supervised learning is a type of machine learning where the algorithm is trained on labelled data. 
The labelled data includes both input data and corresponding output data. The algorithm learns to 
map the input data to the output data, which can then be used to make predictions on new data. 
Unsupervised learning is a type of machine learning where the algorithm is trained on un-labelled 
data. The algorithm learns to identify patterns and relationships in the data, without being given any 
specific output data. Reinforcement learning is a type of machine learning where the algorithm learns 
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to make decisions based on a reward system. The algorithm receives feedback based on its decisions, 
which it uses to adjust its decision-making process. 
1.3. Applications of Machine Learning in Medical Diagnosis 
Machine learning has been used in a wide range of applications in medical diagnosis. One of the 
most promising applications is in the area of image recognition. Machine learning algorithms can be 
trained to recognize patterns in medical images, such as X-rays, CT scans, and MRI scans. These 
algorithms can then be integrated into an expert system to assist with the diagnosis of various 
medical conditions. Expert systems have been used for decades to aid in the diagnosis of medical 
conditions. These systems are designed to mimic the decision-making processes of human experts in 
a particular field, using a set of rules and heuristics to arrive at a diagnosis based on a patient's 
symptoms and medical history. While expert systems have proven to be useful in many applications, 
they are not without limitations. One of the key challenges is that the rules and heuristics used by the 
system are often based on static knowledge and may not be flexible enough to adapt to new or 
evolving medical conditions. This can lead to inaccurate diagnoses, which can have serious 
consequences for patient outcomes. Machine learning has emerged as a powerful tool for improving 
the performance of expert systems in diagnosing medical conditions. By training a machine learning 
model on large datasets of patient data, it is possible to identify patterns and relationships that would 
be difficult or impossible for human experts to discern. These insights can then be integrated into the 
rules and heuristics used by the expert system, improving its accuracy and reliability. In this context, 
machine learning can be used in a variety of ways, such as in developing algorithms for data 
analysis, for building predictive models, for creating new classifications of diseases, or for 
supporting diagnosis by providing valuable insights to doctors. With the growing amount of data 
available, the potential of machine learning in improving the performance of expert systems in 
diagnosing medical conditions is immense, and it can be an important tool for improving patient care 
and outcomes. 
 
1.4. Limitations of Machine Learning in Medical Diagnosis 
While machine learning has shown significant promise in the field of medical diagnosis, there are 
several limitations to its use: 
(1) Limited dataset: The performance of machine learning models heavily relies on the quality and 
quantity of data available. In the medical field, obtaining large and diverse datasets is often 
challenging due to privacy concerns and the complexity of medical data. 
(2) Biased Data: Machine learning models can be biased if the data used to train them is biased. In 
medical diagnosis, there may be differences in data collection and interpretation between medical 
institutions, which can introduce bias into the training data. 
(3) Lack of Interpretability: Many machine learning models used for medical diagnosis are 
considered "black boxes" because they lack transparency and interpretability. This can make it 
difficult for healthcare providers to trust and rely on the diagnoses provided by these models. 
 
 
 
 
 

 
 
 

Fig 1. Limitation faced by Diagnosing Medical Conditions model 
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(4) Complexity: Medical diagnosis can be complex, with multiple variables and factors affecting 
outcomes. Machine learning models may struggle to capture all the relevant factors and may make 
incorrect predictions or recommendations. 
(5) Lack of transparency: Machine learning models can be complex and difficult to interpret, 
making it challenging to understand how they arrived at a particular diagnosis or recommendation. 
This lack of transparency can lead to mistrust among clinicians and patients. 
(6) Limited Generalizability: Machine learning models may perform well on the data they were 
trained on but may not generalize well to new data or populations. This can be particularly 
challenging in healthcare, where patient populations can be diverse and complex. 
(7) Lack of clinical context: Machine learning models may not take into account important clinical 
information that could impact a diagnosis or treatment recommendation. For example, a model may 
identify a potential diagnosis based on symptoms alone, but a clinician may also consider the 
patient's medical history, family history, and other factors before making a final diagnosis. 
(8) Legal and ethical concerns: There may be legal and ethical concerns around the use of machine 
learning models in healthcare, particularly around data privacy and patient consent. Additionally, 
there may be concerns around the potential for models to be used to replace or override clinical 
judgment. 
 
II. Literature Review:  
In recent years, a number of studies have investigated the application of machine learning algorithms 
to improve the performance of expert systems in diagnosing medical conditions. One such study by 
Goyal et al. (2020) used a combination of expert systems and machine learning to diagnose 
glaucoma, a common eye disease. The authors reported an accuracy of 96% using this approach, 
which outperformed both the expert system and the machine learning model on their own. Some 
other studies are- 
Prakash et al. [1] provides insight into the potential use of computer-based expert systems and 
multi-model algorithms in healthcare, particularly for predicting and preventing chronic conditions 
like osteoporosis. 
Saibeneet al. [2] provides an overview of expert systems and their application in the medical field. 
The authors define expert systems as computer programs that mimic the decision-making processes 
of a human expert. They discuss the advantages of expert systems in medicine, such as their ability 
to provide rapid and consistent decision-making, and their potential for improving diagnostic 
accuracy. Overall, this article provides a useful overview of expert systems and their potential 
applications in medicine. It highlights both the benefits and challenges of using expert systems in 
clinical practice, and emphasizes the importance of carefully considering the design and 
implementation of these systems in order to ensure their effectiveness and safety. 
Chen et al. [3] describes the development of a three-stage expert system for diagnosing thyroid 
disease using support vector machines (SVMs). The authors used a dataset of clinical and laboratory 
data from patients with thyroid disease, and trained the system to identify different types of thyroid 
disease based on this data. Overall, this article highlights the potential of expert systems and machine 
learning algorithms in improving diagnostic accuracy and efficiency in healthcare. It also 
demonstrates the importance of careful data pre-processing and feature selection in developing 
effective expert systems. 
Obermeyer et al. [4] provides insight into the potential of big data and machine learning in 
transforming clinical medicine. It emphasizes the importance of careful consideration of the design 
and implementation of these technologies, in order to ensure their effectiveness and safety in 
improving patient outcomes. 
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Kononenkoet al. [5] provides a useful overview of the potential of machine learning in medical 
diagnosis. It emphasizes the importance of careful consideration of the design and implementation of 
these algorithms, in order to ensure their effectiveness and safety in improving patient outcomes. 
Sumathiet al. [6] highlights the potential of machine learning in improving mental health outcomes 
for children. It emphasizes the importance of early detection and intervention, and demonstrates the 
potential of machine learning in identifying and addressing risk factors for mental health problems. 
Housseinet al. [7] provides a useful overview of the state of the art in machine learning-based breast 
cancer diagnosis. It highlights the potential of these techniques to improve patient outcomes and 
emphasizes the need for careful evaluation and validation of these algorithms in clinical practice. 
Antoet al. [8] provides examples of medical expert systems that have been developed using machine 
learning techniques, such as systems for diagnosing diabetes and predicting cardiovascular disease. 
The authors highlight the potential of these systems to improve patient outcomes by providing 
accurate and timely diagnosis and treatment recommendations. Overall, this chapter provides a 
useful introduction to the design and development of medical expert systems using machine learning 
techniques. It emphasizes the importance of careful design and validation of these systems in order to 
ensure their effectiveness and safety in clinical practice. 
Ibrahim et al. [9] provides a promising example of the application of deep learning techniques in 
the diagnosis and management of COVID-19, and underscores the potential of these techniques to 
improve patient care in the context of infectious diseases. 
Yadav et al. [10] provides a useful overview of the role of machine learning in expert systems for 
disease diagnosis in human healthcare, and highlights the potential of these systems to improve 
patient outcomes. It also underscores the importance of careful development, validation, and testing 
of these systems in order to ensure their effectiveness and safety in clinical practice. 
Tiwari et al. [11] proposed system, called SPOSDS (Smart Polycystic Ovary Syndrome Diagnostic 
System) was evaluated using a dataset of 300 patients, and it achieved an accuracy of 95.6%. The 
authors claim that this system could help improve the diagnosis of PCOS and reduce the time and 
cost associated with traditional diagnostic methods. Overall, the paper presents an innovative 
approach to diagnosing PCOS using machine learning techniques. However, further research is 
needed to validate the accuracy of the system and to determine its effectiveness in clinical settings. 
Terhorstet al. [12] provides insights into the potential of smart sensing technology to enhance 
diagnostic expert systems in the field of mental health. However, further research is needed to 
validate the effectiveness of these systems and to address the challenges associated with their 
implementation in clinical settings. 
Alshawwaet al. [13]described in the article has the potential to be a valuable tool for mental health 
professionals in diagnosing and treating depression. However, it should be noted that the system is 
not intended to replace human expertise, but rather to support and enhance it. 
Shojaeiet al. [14]described in the article has the potential to improve the accuracy of Alzheimer's 
diagnosis using MRI images. The use of explainable deep learning techniques can also provide 
valuable insights into the decision-making process of the model, which could be useful for clinicians 
in understanding the classification results. 
Sulistianiet al. [15]showed that the machine learning algorithms were able to accurately predict the 
likelihood of a patient having a personality disorder. The personalized recommendations provided by 
the algorithms were also found to be helpful in guiding treatment decisions. Overall, the use of 
artificial intelligence approaches for predicting and recommending treatment for personality disorder 
patients has the potential to improve the accuracy and efficiency of diagnosis and treatment. 
However, it should be noted that these approaches are not intended to replace the expertise of mental 
health professionals, but rather to complement it. 
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III. Challenges and Opportunities 
Although the use of machine learning algorithms in expert systems for medical diagnosis offers 
many opportunities, it also presents some challenges. One of the main challenges is the need for 
large, high-quality datasets. Machine learning algorithms require large datasets to learn from, and 
medical datasets can be difficult to obtain and analyze due to privacy concerns and the complexity of 
medical data. 
 

 
Fig 2. Diagnosing Medical Conditions model enhancement 

Another challenge is the need for interpretability. Expert systems must provide explanations for their 
diagnoses to be useful in medical practice. Machine learning algorithms can be difficult to interpret, 
making it challenging to explain the reasoning behind an expert system's diagnosis. This issue can be 
addressed by using explainable machine learning algorithms 
 
IV. Proposed Methodology: 
(1) Data Collection: The first step in using machine learning to improve the performance of expert 
systems in diagnosing medical conditions is to gather a large dataset of medical cases and their 
corresponding diagnoses. The dataset should include a wide range of medical conditions and a 
sufficient number of cases to ensure that the model is accurate and reliable. 
(2) Data Pre-processing: The collected data needs to be preprocessed to ensure that it is clean and 
ready for analysis. This step involves removing duplicates, missing values, and outliers, as well as 
converting data into a machine-readable format. It may also involve feature selection or feature 
engineering to identify the most relevant and informative features for the model. 
(3) Machine Learning Model Selection: Once the data has been preprocessed the next step is to 
select an appropriate machine learning algorithm for the task at hand. This step will involve 
researching and testing various algorithms to determine which one performs best on the dataset. A 
supervised learning algorithm such as a decision tree, support vector machine (SVM), or neural 
network may be suitable for this task.  



 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 52, Issue 5, No. 2, May : 2023 
[  

UGC CARE Group-1,                                                                                                                    179 
 

 
Fig 3. AI and Machine learning added Healthcare model 

(5) Model Training: The selected machine learning algorithm needs to be trained on the pre-
processed data. This step involves splitting the data into training and validation sets, using the 
training set to fit the model, and evaluating the model's performance on the validation set. The 
training process may involve hyperparameter tuning to optimize the model's performance. 
(6) Expert System Integration: Once the machine learning model has been trained and validated, it 
can be integrated into an expert system to improve its performance in diagnosing medical conditions. 
The expert system can use the machine learning model's predictions to provide more accurate 
diagnoses and treatment recommendations. 
(7) Implement and test the solution: The next step is to implement and test the AI and ML enabled 
healthcare solutions. This involves integrating machine learning based software and healthcare 
systems. The solutions are then tested in real-world scenarios to ensure that they meet the needs and 
preferences of each stakeholder group 
(8) Evaluation: The final step is to evaluate the performance of the integrated system using real-
world medical cases. The system's accuracy, precision, recall, and other performance metrics should 
be measured and compared to those of the original expert system without the machine learning 
component. Any differences in performance should be analyzed and interpreted to determine the 
effectiveness of the machine learning approach. Further refinement or adjustments may be needed 
based on the evaluation results. 

 
V. Conclusion: 
In conclusion, using machine learning to improve the performance of expert systems in diagnosing 
medical conditions has the potential to revolutionize healthcare by providing accurate and timely 
diagnoses. Machine learning techniques such as deep learning and neural networks can be trained on 
large datasets to identify patterns and relationships in medical data that can be used to make 
predictions about a patient's condition. Additionally, expert systems can use rule-based and 
knowledge-based approaches to enhance their performance. By combining these approaches, 
healthcare professionals can build robust and reliable diagnostic systems that can improve patient 
outcomes and save lives. However, there are still challenges to overcome, such as the need for large 
amounts of high-quality data and the risk of bias and errors in the data. Nonetheless, with ongoing 
advancements in machine learning and expert systems, we can expect to see significant 
improvements in the accuracy and efficiency of medical diagnoses in the future. 
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VI. Future Aspects: 
The application of machine learning (ML) in improving the performance of expert systems in 
diagnosing medical conditions is a rapidly growing field with several future aspects, some of which 
are discussed below: 
(1) Improved accuracy: The use of ML algorithms in medical expert systems can significantly 
improve their accuracy. As more and more data is collected and analyzed, ML models can learn to 
identify patterns and make more accurate predictions. This can lead to more accurate diagnoses and 
better patient outcomes. 
(2) Personalized medicine: ML algorithms can be used to develop personalized treatment plans 
based on an individual's unique characteristics and medical history. This can lead to more effective 
treatment and better patient outcomes. 
(3) Automated diagnosis: With the help of ML algorithms, medical expert systems can be trained to 
automatically diagnose medical conditions based on patient symptoms and other clinical data. This 
can save time and reduce the workload of medical professionals. 
(4) Early detection: ML algorithms can help identify early warning signs of medical conditions, 
allowing for earlier intervention and treatment. This can improve patient outcomes and reduce 
healthcare costs. 
(5) Better patient outcomes: By improving the accuracy of medical diagnoses and developing 
personalized treatment plans, the use of ML in medical expert systems can lead to better patient 
outcomes and improved quality of life. 
(6) Integration with other technologies: ML algorithms can be integrated with other technologies 
such as wearables and remote monitoring devices to collect and analyze patient data in real-time. 
This can lead to more timely interventions and better patient outcomes. 
(7) Increased accessibility: Medical expert systems powered by ML can help increase accessibility 
to healthcare in remote or underserved areas. With the ability to diagnose and treat patients remotely, 
medical professionals can reach more patients and provide better care. 
Overall, the future of using ML in improving the performance of expert systems in diagnosing 
medical conditions is promising and offers numerous benefits to both patients and healthcare 
providers. 
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