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ABSTRACT 

 
Assessment of student performance is one of the most important tasks in the educational 

process. Thus, formulating questions and creating tests takes the instructor a lot of time 

and effort. However, the time spent for learning acquisition and on exam preparation could 

be utilized in better ways. With the technical development in representing and linking data, 

ontologies have been used in academic fields to represent the terms in a field by defining 

concepts and categories classifies the subject. Also, the emergence of such methods that 
represent the data and link it logically contributed to the creation of methods and tools for 

creating questions. These tools can be used in existing learning systems to provide effective 

solutions to assist the teacher in creating test questions. This research paper introduces a 

semantic methodology for automating question generation in the domain of Algorithms. 

The primary objective of this approach is to support instructors in effectively incorporating 

automatically generated questions into their instructional practice, thereby enhancing the 

teaching and learning experience. 
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1. INTRODUCTION 
 

The current popularity of online knowledge artifacts and formalisms such as ontologies, are good 

representations of domain knowledge. The Semantic Web and Natural Language Processing have 

all proved that ontologies based on Description Logics (DLs) are useful for explicitly transferring 
information across semantic technologies. Ontology is a graph-based knowledge representation 

that shows the properties of concepts and the relationships which connect. As a result, these 

ontologies can be utilized in education since they enable formulation of a specific domain by 
identifying all relevant concepts, their relationships, and all of the attributes and constraints that 

exist. Therefore, ontologies have aided the development of knowledge assessment tools [1]. 

Furthermore, these tools can be used in interactive learning systems to give solution for 
generating questions automatically and immediate feedback, and greater learner engagement.   

 
Students performance assessment is mandatory in the education process. Traditionally, instructors 

perform several steps to assess students. It starts from selecting the objectives of the exam, 

forming the exam's questions and answers, with taking into consideration the difficulty level of 
the questions to measure different cognitive skills [2]. However, the creation of manual 

assessments takes up a large portion of an instructor's time. Therefore, it is anticipated that the 

time spent on exam preparation could be utilized in better ways.   
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However, the current Learning Management Systems (LMSs) that most universities use such as 
blackboard provides seamless learning [3]. Also, blueprint and question mark are online 

assessment tools that aided the blackboard in assessment creation that maps specification of 

assessment items based on educational [4]. While those LMSs are efficient in the technical 
pedagogical capabilities to assist the instructor in creating and storing questions and grading 

Multiple Choice Questions, True/False and short answers. However, current LMSs have 

limitations in automating content question generation [5].   

 
This paper presents a methodology for automatic creation for questions based on semantic 
ontologies. The proposed methodology consists of several steps that include Ontology 

Determination, Ontology Analysis, Stem Creation, Question Generation, and Validation. To 

illustrate the methodology a case study was applied and presented in the Algorithm domain.   

 
The rest of this paper is presented as follows. Section 2 indicates relevant work. Section 3 

presents the methodology. Section 4 presents a case study. The conclusion and future research 

directions are presented in section 5.   

 

2. RELATED WORK 
 

Ontology is philosophical displine that studies the meaning of existence [6]. Several ontologies 

have been developed to represent subfields in science. ChemOnto is an implemented chemistry 

ontology that addresses chemical elements and their interaction [7]. Also, in chemistry, [8] 
developed OntoKin ontology for capturing data and semantics of chemical kinetic reaction 

mechanisms. The ontology was created using a formal representation language (OWL) and 

validated by domain experts. Moreover, the authors of [9], introduced a natural science ontology. 
In physics, [10] presents the Physics-based Simulation Ontology (PSO) for accurate modeling of 

physics-based simulations in engineering design. There are few ontologies in the computer 

science field. For example, researchers from Aljouf university [5] built a computer-related 
ontology from the NSC document database that contains 520 documents in computer science 

related fields. Also, the authors [11], presented Pasonto: An Ontology for learning pascal. 

Additionally, the authors in [12] created an SQL ontology to represent the semantics of databases. 

Although most studies use monolingual ontologies, researchers in [13], used bilingual ontology in 
French and English. Ontologies can be used to integrate concepts and present them in different 

languages. Also, the authors in [14] used Arabic and English to create an ontology for algorithms 

concepts. The constructed ontology organizes concepts in the Algorithms field and presents them 
in both Arabic and English languages.   

 
Question generation is a multidisciplinary technique that includes natural language processing 

and artificial intelligence/knowledge representation. The approaches described in the associated 
literature may be categorized into different categories such as approaches that depend on Natural 

Language Processing (NLP) methods generate questions using automated analysis for text [15], 

while they may also utilize other resources like DBpedia and Wordnet. Second, Template-based 

approaches can also be used for question generation [16]. Authors of [17] discussed several 
studies that used predefined patterns/templates for inquiries, filled with certain values from a vast 

number of permissible options. Finally, semantic-based systems [5], automate examination 

creation by utilizing semantic web standards, namely ontologies. Semantics-based techniques are 
thought to have several benefits over natural language resources [15].   

 
Automation of generating questions for practice and self-assessments has recently been a trend in 

research field. Authors of [18] provided an overview of semantic web applications for automatic 
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question generation. The study classifies the reviewed studies based on their technological and 
pedagogical features. An automated question generation based on biology ontology is proposed in 

[19] to evaluate student’s understanding of the biological concepts and the relationship between 

them. Also, it proposed a way to generate multiple-choice distractors (incorrect alternatives) 

using the same structure of the ontology.   
 

3. METHODOLOGY 
 

To create questions based on the Algorithm ontology, a systematic approach is proposed. The 
approach starts by determining the ontology of interest. Then the ontology is to be studied and 

analyzed for identifying properties used for creating question stems. Following that, generic 

question stems are to be create based on the analysis for ontology axioms especially properties. 
Then questions are to be automatically generated based on the stems and axioms associated to 

these questions. The last step is to validate the automatically generated questions. The steps of the 

process are depicted in Figure 1.   

 

 
 

Figure 1 Question generation based on ontologies 
 
The methodology employed in this study involves extracting relevant information from the 

ontology, generating questions based on the extracted information, and evaluating the generated 

questions. The ontology is analyzed to extract concepts based on predefined question categories, 
which are determined by established question models from previous research [16]. Information 

retrieval from the ontology is performed using SPARQL queries, a query language for extracting 

data from RDF graphs. The extracted information, in the form of data triplets, serves as input for 

the question generation algorithm. The question generation algorithm utilizes question templates 
aligned with different knowledge levels in Bloom's taxonomy. These templates guide the 

generation of multiple-choice questions with various types, based on the information derived 

from the ontology. The generated questions are integrated into an interactive learning system, 
where they are administered to students as assessments. The students' responses are then 

evaluated using a scoring module, which assigns scores and provides feedback. To validate the 

generated questions, experts assess their validity, while also comparing the difficulty levels of the 

questions with the categories defined in Bloom's taxonomy. The agreement among experts 
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regarding the evaluation outcomes is measured using Kappa calculations, a statistical method for 
assessing inter-rater agreement. By following this methodology, the study aims to automate the 

process of question generation by leveraging ontological analysis, question templates, and expert 

evaluation. The generated questions are designed to align with appropriate difficulty levels and 

provide effective assessments for students. 
 

5. CASE STUDY 
 

To exemplify the proposed methodology for generating questions automatically, a case study for 
applying the proposed methodology is presented in this section. For the Ontology Determination 

step, the ontology used in the case study is Algorithm ontology. The ontology current edit of the 

ontology [4] consists of 114 classes, 23 instances, and 6 properties. We assume that an expert 
curated ontology is correct and complete, as opposed to one that is automatically generated. The 

ontology contains 403 axioms. The analysis of the ontology indicated the that main properties 

used for stem creation include has_running_time and belongs_to_algorithmic_pardigm. These 

properties are illustrated in Figure 2. For example, has_running_time used for generating 
questions enquire about the amortized cost of the algorithm.   

 

 
 

Figure 2 Properties in Algorithms Ontology presented in protege editor 
 

For stem creation step, a generic question stem is composed and the variables that are to be 

substituted are to be identified. Figure 3 illustrates sample of the generic stems that can 
instantiated. Ontology libraries are used for parsing the ontology. To implement the automatic 

question generation, a python ontology library was used. Both closed questions and open-ended 

questions are automatically created. Sample of the questions generated are depicted in Figure 4.   
 

 
 

Figure 3 Generic Stem creation 
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Figure 4 Sample from question pool in the Algorithm domain generated using the proposed ontology-based 

 

6. CONCLUSIONS 
 

This research paper addresses the automatic question generation based semantic ontologies by 
proposing a systematic approach for question generation. Automatic question generations 

facilitate the rapidity of creating question pool relevant to academic subjects. Ontologies are 

semantic representations based on logical relations that can be exploited for automatic question 

generation. The proposed methodology consists of sequence of steps include Ontology 
Determination, Ontology Analysis, Stem Creation, Question Generation, and Validation. A case 

study is also presented for applying the proposed methodology was presented in this paper for 

automatic question generation in the domain of Algorithms. Additionally, the proposed 
methodology holds potential for various practical applications. It can be utilized to create 

flashcards for in-class activities, establish a comprehensive question bank, enable self-assessment 

opportunities for learners, and be customized for different academic domains. By further 
exploring these research directions, the field of automated question generation from ontologies 

can advance, empowering educators with powerful tools to enhance assessment practices, support 

personalized learning experiences, and foster a deeper understanding of algorithmic concepts 

among students. 
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