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Abstract: An expert system has been designed to assess student learning in a manner that aligns with 

each student's ability level independently, based on modern measurement theory. This approach 

effectively measures students' actual knowledge levels and is essential for developing assessment tools, 

which are a cornerstone of education. The expert system records student’s data and interactions, 

determining the questions to be used to measure their cognitive level based on the obtained responses. 

Application results demonstrated the impact of the expert system for this type of measurement, providing 

ability estimates for students comparable to those from traditional tests. 
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I. INTRODUCTION 

Computers have revolutionized various aspects of life, as intelligence has been incorporated into them by 

studying human behaviors and simulating these behaviors through software design. While experts can provide 

high-level performance within their specialized fields—offering consultations and making sound decisions—

there are also expert systems that can mimic this level of performance when equipped with appropriate 

knowledge. 

As different fields of knowledge increasingly intertwine and influence one another, the challenge of 

advancing in a particular discipline without leveraging findings from others has become evident. Consequently, 

interdisciplinary teams are commonly formed to foster joint research and collective innovation. Today, it is 

increasingly common to see professionals from education, engineering, the humanities, and computer science 

collaborating to design products, and the capabilities of expert systems have proven essential in this integration 

[1].  

Expert systems, a branch of artificial intelligence, solve problems typically requiring human expertise. 

Their significance has grown in the developed world, impacting many areas, including the educational system. 

By integrating modern information and communication technologies with contemporary educational trends, 

these systems are redefining learning experiences [2].  

The advantages of expert systems are numerous. They empower non-experts to perform tasks traditionally 

reserved for specialists, store and disseminate knowledge, increase productivity with greater speed and accuracy 
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than human counterparts (leading to fewer errors and improved performance quality), reduce daily expenses 

associated with human experts, facilitate knowledge transfer over geographical distances, and ensure decisions 

are made without bias [3].  

In light of the interdisciplinary nature of knowledge today, computerized testing has been introduced in 

certain educational systems to meet the new millennium's requirements for producing learners equipped with 

diverse competencies and skills suited for the 21st century [4]. Computerized tests streamline the management 

of assessments, provide prompt scoring, and maintain test confidentiality [5].  
Despite these benefits, many studies indicate that traditional computerized testing does not achieve an 

acceptable level of competency in measurement. These tests often present the same questions to all participants, 

disregarding individual differences in student abilities [6]. As a result, there needs to be a balanced alignment 

between the material presented and the students’ knowledge levels; overly easy questions can limit learning, 

while excessively difficult ones can lead to frustration and disengagement [7].  

To address these challenges, a new approach called "computerized individual tests" has emerged, 

presenting questions tailored to each student's ability level. In contrast, traditional computerized tests do not 

account for significant individual differences and present standardized questions [8]. 

Computerized individual tests exemplify advances in modern measurement theory and mathematical 

models, which enhance objectivity in assessments. A key feature of this theory is the ability to estimate 

competencies independent of the specific questions posed. Even if individuals are tested with different questions, 

this methodology provides a standard framework for predicting abilities [9]. This includes the equivalence of 

test scores from multiple tests and the creation of question banks, leading to the development of individualized 

computerized tests [10]. 

This research aims to design an expert system to evaluate students' learning based on their abilities, 

enhancing the assessment process and improving its quality by employing modern measurement and evaluation 

techniques. 

 

II. EXPERT SYSTEM DESIGN STEPS 

To design the expert system, the following steps were undertaken: 

A.  Preparation of Test Items: A question bank of 100 multiple-choice items with four alternatives was created for 

a Calculus I course on 720 university students, utilizing the three-parameter logistic model recognized in 

modern measurement theory, "The reference [9] indicates that this model is particularly suitable for multiple-

choice assessments of mathematical abilities." From this bank, 55 items were selected and ranked in ascending 

order based on the principles of individualized testing following a ten-stage hierarchical strategy. The following 

equation was used: 

  
       

 
 

Where (u) represents the required number of items, and (n) is the number of stages or levels. 

B. Developing Algorithms and Charts: This process involves the following:  

1) Stage Navigation Algorithm: The individualized test is structured into ten stages, with the number of items at 

each stage corresponding to the stage number. Fig 1 shows this: 

 

 

 

 

 

 

 

 

 
 

 
Fig. 1 Navigation Algorithm  
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Figure 1 illustrates an algorithm that realizes the idea of moving between the ten stages to choose the 

appropriate question for the student's ability. It is worth mentioning that the system is flexible to add other 

stages, but it has been completed and limited to ten stages; because this type of tests according to modern theory 

is characterized by high efficiency and accuracy in estimating the student's ability by using a few question 

consistent with his ability [7], consequencing such results [11], [12],[13]. Thus, only one question is given from 

each stage; the number of test paragraphs for each student is ten different depending on his ability level. The 

method of choosing the paragraph is based on the following relationship: 

Correct answer = (same paragraph number + 1) from the next level 

Wrong answer = (same paragraph number) next level 

2) Questions distribution algorithm: The paragraphs were distributed so that the paragraphs of each stage are 

graded from the easiest to the most difficult, and the difficulty levels of each stage extend to a wider extent than 

the previous one, and so on until the last test stage. Fig 2  illustrates this distribution: 

 

 

 

 

 

 

 

 

 

 
 

C. Expert system design: The design of the expert system incorporates several programs for data counting and 

programming, as detailed below:  

1) Microsoft Access   & SQL

 Server This database management software stores test items, their associated 

information, administrator data, user data, and the knowledge base.  

2) Visual Studio: This tool is used to create and program the interfaces of the system.  

The Fig 3 demonstrates the key functions of the expert system.  
 

 

 

 

 

 

 

 

 

 

 

 
 

                                                           
  SQL stands for Structured Query Language. 

Fig. 3 Expert System Use Case Diagram 

Fig. 2 Phased Paragraph Distribution Algorithm  
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D. Mechanism of the Expert System for Students: The operation of the expert system follows this sequence: 

1) The student enters the required data and reviews the provided instructions. 

2) The student begins the test with a medium-difficulty paragraph. If the answer is correct, the student progresses 

to a more difficult paragraph. Conversely, if the answer is incorrect, the student is directed to an easier 

paragraph. This process continues until the student completes the tenth stage, resulting in each student 

experiencing a tailored test consisting of 10 paragraphs that match their ability level.  

3) The student's score is displayed on the final grade interface.  

Fig 4 illustrates the flow diagram of the expert system's functionality for students. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
III. CONCLUSIONS 

This research and design effort has culminated in the development of an expert system for evaluating student 

learning, grounded in the modern theory of measurement according to the three-parameter logarithmic model. 

This system is tailored to accommodate varying levels of student proficiency, thereby enhancing the evaluation 

process and its quality. The expert system adheres to testing criteria that consider individual differences and 

produces outcomes equivalent to traditional tests featuring numerous questions. Consequently, it offers several 

advantages, including flexibility, increased confidentiality, reduced test length and duration, and diminished test 

anxiety. Based on the findings of this research, it is recommended that this system be implemented and 

developed further as future needs arise.  
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