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Optimizing Online Educational Experiences through Semantic Recommender Systems

[bookmark: _GoBack]Abstract 
Semantic Web technologies in providing personalized recommendations to learners in digital educational environments. It involves applying advanced methods like Resource Description Framework (RDF), Web Ontology Language (OWL), and SPARQL query language, and machine learning to understand the meaning and context of learning materials and to align recommendations with individual learner goals, preferences, and knowledge gaps. The rapid expansion of online education platforms has introduced new challenges in delivering personalized and effective learning experiences to diverse learners. Traditional recommender systems, lack the sophistication needed to tailor educational content to the unique goals, cognitive abilities, and knowledge gaps of individual learners. This paper explores the potential of semantic recommender systems in enhancing online educational experiences by employing semantic web technologies such as ontologies, knowledge graphs, and machine learning. These systems leverage deep connections between learning concepts to offer highly personalized recommendations that align with learners' educational needs. We review recent studies and implementations of semantic technologies within Learning Management Systems (LMS), showcasing how they contribute to more adaptive and engaging learning environments.  Also highlights a comparison of various semantic models and machine learning algorithms reveals the superiority of hybrid approaches that combine ontology-driven models with machine learning for more accurate and personalized recommendations. Future directions for research emphasize the need for scalable, adaptive ontologies, and cross-platform integration to further enhance the personalization and effectiveness of online learning environments.
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1- Introduction 
Online education enables students to learn from available materials regardless of their location, making it one of the fastest-growing modes of learning due to rapid technological advancements[1]. With the rise of computers and mobile devices, learners can easily search for desired educational content, goods, and servicers, the increasing volume of educational materials has made it challenging for traditional search engines to meet the demands of users seeking information about educational services and goods while learning. The evolution of online education, characterized by massive open online courses, digital platforms, and virtual classrooms, has transformed how individuals’ access and engage with learning materials[2]. This abundance of information presents a new challenge: effectively guiding learners through vast resources to offer personalized, relevant, and engaging experiences. Addressing this issue necessitates the development of advanced recommendation technologies specifically tailored for educational environments.[3], [4].Conventional recommender systems, which are frequently employed in online educational. The content of education is more complicated, necessitating recommendations that take into account a learner's learning objectives, cognitive capacities, and knowledge gaps in addition to their prior behavior. Semantic recommender systems can be extremely helpful in this situation. Through the use of semantic technologies, such as knowledge graphs and OWL, these systems are able to draw links between concepts, comprehend the underlying meaning of educational materials, and provide tailored recommendations that promote deeper learning.[5]
Semantic Web technologies offer a possible solution to this dilemma. By employing standards such as the Resource Description Framework (RDF), Web Ontology Language (OWL), and SPARQL query language, these technologies offer a richer understanding and interaction of educational data[6]. Using a Semantic Web-based recommender system in an LMS could completely change how information is accessible and recommended, improving the effectiveness, personalization, and engagement of learning experiences. In this paper, we explore the potential of semantic recommender systems in optimizing online educational experiences. We look at how these systems can be used to accommodate a variety of learner needs, offer tailored learning journeys, and enable meaningful interactions with instructional materials. We also highlight the opportunities and difficulties in creating and growing these kinds of systems, as well as how they can advance digital learning environments in the future.
Online learning platforms can go beyond one-size-fits-all strategies by utilizing sophisticated semantic technologies in the design of recommender systems. This allows for the creation of personalized and adaptive learning experiences that are tailored to the needs of individual students, ultimately improving engagement and academic performance. The rest of this paper is structured in the following manner. Section 2, Theoretical background, in Section 3, provide Literature Review. Discussion and Comparison Literature Review in This section 4. Extracted Statics in section 5, Recommendations in section 6. Section 7, This section presents the conclusion drawn from the study's findings for research.
2- Theoretical Background 
2.1 Optimizing Recommender System.
   Optimizing a recommender system involves improving its accuracy, efficiency, and overall performance to deliver more relevant and personalized recommendations to users[7], [8]. Key components include algorithm selection and improvement, data preprocessing, evaluation metrics, personalization and contextualization, optimization techniques, and exploration-exploitation tradeoff[9]. Algorithms include collaborative filtering, content-based filtering, hybrid models, matrix factorization, deep learning, machine learning, and neural networks[10]. Data preprocessing involves feature engineering, normalization and scaling, and handling missing data, evaluation metrics include accuracy, recall, RMSE, MAE, diversity, and novelty. Personalization and contextualization involve user profiling, context-aware recommendations, and cold start solutions. However, optimization techniques include hyperparameter tuning, testing, and latency reduction.  These techniques can optimize the user learning experience in online education[11].

2.2 Online Education
Online education is a flexible, self-paced learning experience delivered through digital platforms, allowing students to access educational content remotely[12][13]. It features virtual classrooms, learning management systems, asynchronous learning, synchronous learning, assessment and feedback, resources like eBooks, videos, podcasts, and online libraries, and global access. Online education is adaptable, offering personalized learning opportunities, and can be optimized using semantic recommender systems. It breaks geographical barriers and expands access to education. on other hand the purpose online education Recommendation System RSs a semantics-aware context-based learner modeling methodology, which uses context relations to build a user graph and compute semantic weights. The recommendation algorithm links the learner model with content representation, leveraging learner behavior. A personalized recommender system is proposed, assisting learners in an e-learning environment with relevant textual content.[14].
2.3 Semantic Web
The Semantic Web has become a significant focus in recent years, as it enables information to be more meaningful and understandable to both humans and computers. By providing a semantic structure to web pages, the Semantic Web supports both human agents and artificial agents, making it easier for them to understand the content within web applications, this functionality has proven useful in various disciplines, including education[15] in addition, the Semantic Web is an extension of the classical web that enhances internet data by adding meaningful metadata, enabling intelligent, automated services, may use the potential of semantic web technologies to solve the difficulties of data integration. It offers new educational opportunities, providing a more adaptable, personalized, and intelligent learning environment.[16]
In summary, the Semantic Web introduces pedagogical potential, resulting in its widespread use in education. By supporting personalized, adaptable learning environments, it enhances both the teaching process and the student experience, making learning more intelligent and context-aware[17].
2.4 Semantic Web Architecture.
The Semantic Web architecture is a layered system that enhances web data meaningfulness and interoperability. The Semantic Web architecture consists of   XML, URIs, RDF, RDFS, OWL, Logic, Proof, and Trust layers[18]. These layers work together to uniquely identify resources, provide syntactical structure, encode relationships, define ontologies, and ensure data integrity[19]. This layered architecture forms the backbone of the Semantic Web, enabling intelligent and interconnected web applications, SPARQL is a query language used to retrieve and manipulate RDF data, while Linked Data connects data across different websites or databases using URIs and RDF. For example, optimizing online education using a semantic recommender system, this architecture can provide personalized and meaningful recommendations[20].
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Figure1 Semantic Web Architecture[54].


2.5 Key Components of the Semantic Web.
The Semantic Web architecture is composed of several key components that work together to enable this enhanced functionality. Here are some key components of the Semantic Web:
2.5.1 Resource Description Framework RDF
The Resource Description Framework (RDF) is a crucial technology for the Semantic Web, representing information about resources on the World Wide Web and enabling the creation of metadata for autonomous analysis and processing by computers graph structure allows for flexible interconnections between data points, making it foundational for the Semantic Web. Its structure data in triples, enabling easy sharing, understanding, and linking across sources. RDF is useful in education for describing resources, student profiles, and learning objectives is a key component of linked data, connecting data across domains and platforms using URIs and relationships[21]. It can be accessed using SPARQL, a query language, and offers benefits like interoperability, flexibility, and machine-readability, aiming to optimize online education experiences using a semantic recommender system, RDF can help describe relationships between learning materials, student behaviors, and educational concepts[22][23].
2.5.2 Web Ontology Language OWL 
OWL (Web Ontology Language): A language used to create and define ontologies, enabling more complex relationships and reasoning about data [24]. The foundation of semantic web technologies is ontology in these days, the term "ontology" is widely used in the fields of information science and web applications, particularly in relation to cooperative information systems, intelligent information integration, information retrieval and extraction, knowledge representation, database management systems, and e-learning systems. For instance, the links between "student," "course," and "teacher" could be defined by an ontology for education[25] .

2.5.3 SPARQL Protocol and RDF Query Language SPARQL 
A language for querying databases that hold RDF data. It enables users to access and modify data from a variety of Semantic Web sources. The consistent logical data depiction and handling models provided by Query/Update Languages (SPARQL) enable computers to directly comprehend data from the Web[26].in addition SPARQL is a powerful tool for combining data from various sources in linked data applications, enabling personalized recommendations in education and knowledge graphs like DBpedia and Wikidata. It enables users to query RDF data, retrieve linked data, and apply filters to complex data sets, making it an essential tool for online education[27].
2.6 Recommender System 
[image: ]is an algorithm or software program created to recommend pertinent goods, services, or content to users based on their interests, actions, or other information. By anticipating what the user would find interesting or helpful, these systems evaluate vast volumes of data and provide tailored recommendations to improve the user experience, Recommendation systems (RS) are widely used in various fields, including search engines education, learning, travel, music, movies, literature, news, gadgets, and dining. They are popular on social media and have proven beneficial in corporate settings like Amazon, Netfix, Pandora, and Yahoo.utilizing semantic relationships to record the connections as knowledge-based education suggestions for users in an online content[28]. A recommender system uses data analysis to suggest items or content to users, using techniques like content-based filtering, collaborative filtering, or hybrid methods. These systems use data based on user preferences, content-based filtering, or a combination of both [29] As shown in Figure 2.
Figure 2 Recommender System Process[55]



2.7 Recommendation System Categories 
RS are categorized into collaborative filtering, content-based, utility-based, hybrid-based, and others. In this section, a brief explanation of these most common categories is provided.
2.7.1 Collaborative Filtering Recommender System.
Collaborative filtering is a technique that recommends items based on similar user preferences and user, it uses collective behavior and preferences to make recommendations, it can be used for user-user or item-item filtering. The system calculates similarity between users or items using techniques like similarity correlation, it then predicts user preferences based on similar user behavior and ranks potential items, recommending the top choices[30].
2.7.2- Content-based Recommender System.
Content-based filtering recommends items similar to user favorites by analyzing their features, it extracts relevant features, calculates similarity, and recommends items that closely match the user's preferences[31].
2.7.3 Hybrid-based Recommender System.
Hybrid systems combine content-based and collaborative filtering techniques to improve accuracy, personalize recommendations, and mitigate limitations, these systems offer more relevant and diverse suggestions, addressing limitations of individual methods, by combining these techniques, hybrid systems can mitigate cold-start problems, balance personalized recommendations, and compensate for weaknesses in each method[32], [33].

3- Literature Review
    In current studies, researchers focus on the Semantic Web, and authors have used different algorithms, methods, similarity measures, datasets, and evaluation metrics in their studies, some of which we will present in recent years.
    Chen et al [34] presented that traditional schooling is impersonal using educational resource machine learning can customize learning materials the study examines current optimization techniques for educational recommendations, it is emphasized that collaborative filtering is a crucial technique for tailored recommendations,98% of students were satisfied with the course recommendations, indicating good effectiveness.
    Halim et al [35] proposed a semantic approach for locating web services relevant to e-learning systems, employing ontologies and OWL-S semantic descriptions it highlights the shift from syntactic to semantic service discovery, which makes it possible to manage services dynamically and automatically according to user requirements with the use of adaptive learning paths and suggested resources, the suggested framework seeks to increase user pleasure and improve the effectiveness of service discovery by offering tailored learning experiences.
    Putra et al [36] presented an intelligent web platform the system employed algorithms such as PageRank for ranking articles, neural networks for document classification, and the ROCK algorithm for friend recommendations based on article similarity, the neural network achieved the highest accuracy (95.2%) in classifying articles, and the system effectively recommends articles and friends based on user interests the platform facilitates knowledge sharing and social interaction among users, improving access to information and learning opportunities in rural areas. On the other hand, Ragab et al [37] Developed a Type-2 Fuzzy Ontology with Dendritic Neural Network for web content classification, focusing on detecting and blocking pornographic content, utilized 915 sample from deferent website applied in DNN and TFODNN-SFEWCC method for keyword extraction tuning, achieved high accuracy (up to 99.89%) and performance improvements over existing methods in web content classification.
    Khan et al[38] proposed a novel model for improving semantic web retrieval using ontology-driven feature extraction techniques it integrates text and image-based input methods, enhancing user interaction and retrieval accuracy through semantic keyword searches and metadata optimization the model includes components like query processing, matching segments, and ontology management, leading to better image retrieval outcomes and reduced redundancy in search results.
   Villegas-Ch and García-Ortiz 2023  [39]explored the effectiveness of an ontology-based approach to personalize learning experiences in contemporary education it highlights significant improvements in student satisfaction, motivation, and information retrieval efficiency, demonstrating that the ontology successfully tailors educational content to individual preferences. A student survey showed 82% improved personalization of learning experience, 25% increased information retrieval accuracy, and 30% reduced time spent on curriculum creation and organization due to ontology-based queries, which aligned with students' interests and learning styles. In addition, Yousef H. Alfaifi2023[40] presented an ontology-based e-learning recommendation system that enhances user experience by providing tailored suggestions based on user characteristics, it integrates rule-based and machine learning ML algorithms, focusing on user profiling, feedback mechanisms, and datasets the system improves user engagement and satisfaction, enhancing the quality of recommendations beyond automated responses, the results of the paper indicate that the proposed ontology-based e-learning recommendation system effectively provides personalized learning pathways and resources tailored to individual e-learners.
    Ezaldeen et al [41] focused on enhancing online education by integrating semantic analysis with deep machine learning to create an Intelligent Content-Based Recommendation System (ICRS) helping learners select suitable materials based on their existing knowledge and experience the proposed system also introduces a novel method that combines semantic graphs and context to generate a semantic matrix for better resource classification. Four machine learning (Logistic regression, Random Forest, SVM, and MLP) models were evaluated, along with an augmented deep learning model (LSTMM), which outperformed others with an Accuracy of 0.8453 and F1 Score of 0.7731. The results demonstrate that LSTMM is highly effective in improving e-learning recommendations.
      Faithpraise et al [42] suggested of a web application for an ontology-based eLearning system with a particular emphasis on a mathematics course on "number base.". Modules for home, ontology, and eLearning material are integrated. WAMP server, PHP, MySQL, Apache, and Protégé are among the tools used for ontology building. Screenshots are used to illustrate the application's features and user interactions, which will ultimately improve remote learning opportunities.
   Paneque et al  [43] discussed study highlights the growing importance of Learning Management Systems (LMSs) in online education, especially for organizing resources and facilitating communication. The COVID-19 pandemic has accelerated the generation of learning-related data, but managing and integrating this heterogeneous data poses challenges they study proposes the e-LION semantic model to unify and integrate multi-source e-learning data, and they used a classification report for all the methods used (KNN, DT, SVM, RF, GNB, and MLP) in the final evaluation and the highest result was for MLP where the computed metrics were Global Accuracy = 0.90 ,Precision =0.93, Recall=0.92 , F1-Sc.=0.90.And also, Bendouch et al [44] provided a content-based semantics-driven recommender system for large-scale suggestions that outperforms conventional TF-IDF-based recommenders in a number of criteria. Using computer vision to extract visual-semantic information from digital images. But others Ekwealor et al 2022 [45] suggested the integration of ontology and semantic web technologies to improve e-learning platforms and enable more dynamic and customized learning is. It draws attention to the change from traditional teaching approaches, in which teachers impart knowledge, to self-directed learning strategies, in which students acquire and organize materials on their own. Better resource retrieval and personalized learning paths for humans are made possible by the semantic web, which gives machines the ability to comprehend and interpret web information intelligently. However, LIMONGELLI ET AL 2022[46] they used semantic technology the Semantic Search methodology is a new ranking system for instructional web content. This approach combined semantic data with the Educational Ranking Principle and makes use of knowledge graph representations of instructional situations. Over 70 questions were examined in the study's evaluated with university instructors, and it was contrasted with cutting-edge techniques like Tf-Idf and BM25F. Comparing the outcomes to the three baselines, statistical evidence was found for improvements in accuracy metrics.
   Sutikno, and Aisyahrani 2022[47]  explored the impact of NFTs, decentralized autonomous organizations, Web 3.0, and the metaverse on higher education, focusing on their integration with traditional and virtual perspectives. NFTs, DAOs, and Web 3.0 have made significant progress in student record validation, while the metaverse, a 3D virtual world, offers benefits such as improved problem-solving, affordability, and accessibility for remote students. 
   Ozioma et al 2022[48] discussed ontology repository for personalization details and taxonomy of learning resources, an intelligent search engine for semantically searching materials, and a web-system developed with PHP, MySQL, and JavaScript. The system uses Object Oriented Design and Analysis Methodology for componentization and unified modeling language for simplified explanation, the software achieved predicted 95% accuracy in returning desired web search results. On the other hand, Ali et al 2021 [49]presented ELRA, a virtual agent-based semantic recommendation system designed to enhance course selection in e-learning by providing customized suggested based on aspect-based sentiment analysis, it addresses the mismatch in learner preferences by utilizing user profiles and feedback to recommend relevant courses, improving both learner and tutor experiences, they studied demonstrates the effectiveness of ELRA through quantitative analysis when compared to other conventional techniques, the experimental results show that ELRA techniques greatly increase skills and accomplishments, as well as learning success (by more than 90%).
   Sadeghianas et al 2021 [50] explored the integration of gamification in the creation of a Process Activity Ontology (PAO) to enhance user engagement in ontology development, results show that gamification not only improved participant engagement but also led to a higher quality PAO, demonstrating the effectiveness of this approach in ontology creation. but also, Toti et al 2021[51] presented a comprehensive methodology for detecting and analyzing student engagement in online higher education by machine learning techniques it focused on automatic text categorization of student forum posts and employs various classification models to predict drop-out rates based on student behavior and performance data targeted interventions to enhance student engagement and retention in e-learning environments.
   Wei et al 2021[52] presented comprehensive methodology, combining Semantic Analysis, Natural Language Processing, and machine learning techniques, is proposed for detecting and analyzing student engagement in online education, enhancing retention strategies and understanding student behavior.
   Finally, Mohamed Hassan2020 [53] presented an adaptive recommendation system designed to personalize learning experiences by analyzing user profiles and recommending relevant educational resources. Implemented as a case study at Damietta port in Egypt, the system transitions from traditional syntactic searches to more effective semantic searches, improving the accuracy and relevance of search results.
Table 1 Summery of Reviewed Papers Using Semantic Web and Recommendation System
	Author &&
Year
	Semantic Model (Technique)
	Dataset
	Algorithm
	Type ontology
	Semantic Recommender type
	System Performance Ratio

	 Chen et al .2024[34]
	Machine learning
	educational platform
	Genetic and K-means clustering 
	______
	collaborative Filtering Recommendation
	Questionnaire
survey shows that 98% recommendation system is effective, and only 2% think it is ineffective

	Halim et al .2024 [35]
	Unified Modeling Language)
	e-learning platform
	Matchmaking, OWL, RDF 
	Domain
ontology 
	Semantic web services
	improve the process of discovering web requests of users of the e-learning system.

	Putra et al 2024[36]
	PageRank and ROCK
	e-learning platform
	Neural Network, Decision Tree, and Naïve Bayes
	______
	similarity-based recommendation 
	 Accuracy Neural Network =95.2%, Decision Tree= 87.0% and Naive Bayes=63.9%

	Ragab et al 2024  [37]
	Deep learning and PESO
	915 samples from various website
	TFODNN-SFEWCC and OWL
	2 fuzzy ontologies
	 web content classification 
	Sample=80 % of TRP, TFODNN-SFEWCC accu of 99.67 %, prec of 98.53 %, reca of 98.50 %, Fscore of 98.50 %, and MCC of 98.33 %. 

	Khan et al 2024[38]
	ontological approach 
	MAT files
	OWL, RDF and SPARQL
	Domain ontology 
	semantic web technologies
	More accurate results Metadata generation

	Villegas-Ch  and García-Ortiz 2023 [39]
	Semantic model 
	e-learning platform
	OWL
	Educational Ontology
	Ontology Recommendations
	The student survey 82% an improvement experience and Information retrieval accuracy increased by 25%

	Yousef H. Alfaifi 2023[40]
	Machine learning
	e- Learning Courser
	Cluster, OWL,
	E-learning Ontology
	Hybrid Recommender Systems
	the system significantly improves the relevance of recommendations, leading to better learning outcomes. evaluated through   satisfaction surveys

	Ezaldeen et al 2023[41]
	ML and DL
	NPTEL and Coursera
	Logistic regression, Random Forest, SVM, and MLP
	_____
	content-based recommender system
	LSTMM Accuracy= 0.8453 and F1 Score= 0.7731 respectively.

	Faithpraise et al 2023 [42]
	Ontology Module
	e-learning platform
	OWL, PHP, HTML, RDF, and SPARQL 
	Domain ontology 
	semantic web technologies
	Their results were shown in the surveys and the highest result for the user experience level test was 100%.

	Paneque et al [43] 2023
	Machine Learning 
	OULAD dataset and 43,113 courses data
	KNN, DT, SVM, RDF, SPARQL GNB, MLP
	Domain Ontology
	Hybrid Recommender Systems
	The highest result evaluation was for MLP Acc.=0.90
Prec=0.93, Rec.=0.92
f1-Sc.=0.90

	Bendouch et al2023 [44]
	TF-IDF and C+S+VGA
	MovieLens from OMDb
	gradient descent (SGD)
	Domain Ontology
	hybrid recommender system
	 improve min (F1) from 0.413 to   0.435,   and   max (F1) from   0.479   to   0.537.   Kappa   metrics   are improved from 0.041 to 0.137

	Ekwealor et al 2022 [45]
	Ontology model
	Learning Resources
	XML, RDF, OWL,
	Domain Ontologies, Upper, Application and Structural Ontologies
	semantic web technologies
	Research results are evaluated Based on the academic profile of learners.

	LIMONGELLI ET AL 2022[46]
	Educational Ranking Principle (ERP)
	web pages sourced from the DMOZ 
	Term Frequency-Inverse Document Frequency, BM25F, HTML
	Relation ontologies
	hybrid recommender system
	Hight MEAN average precision semantic search= (p < 0.05, t > 2.000, conf. diff. > 0.02)

	Sutikno , and  Aisyahrani
2022[47]
	ML and specific model from(metaverse)
	educational technologies and higher education.
	NFTs, DAOs, Web 3.0
	Educational Ontology
	Web 3.0 technologies
	enhancing educational practices and student engagement.

	Ozioma et al 2022[48]
	Object-Oriented Analysis and Design
	e-Learning database
	PHP, MySQL,JavaScript,XML,RDF,and OWL

	(Single, Multiple and Hybrid) Ontology Approaches
	Semantic Web Technologies
	Predicted= 95% accuracy in returning the correct needed materials in the web search on the e-learning platform.

	Ali et al 2021 [49]
	ELRA and machine learning
	 course e-learning
	K-nearest 
	______
	Combines collaborative filtering and content-based filtering 
	Predicted results show that ELRA techniques greatly increase skills (by more than 90%).

	SADEGHIANAS et al 2021 [50]
	 Process Activity Ontology (PAO
	event log related data
	Process Activity Ontology PAO and OWL
	Ontology Learning 
	Semantic relations (Antonymy)
	The survey results show that participants found the system engaging overall.

	Toti et al 2021[51]
	ML
	student and class information
	 KNN, SVM, Random Forests, and Multi-Layer Perceptron’s
	ontology refers to a structured
	hybrid recommender system
	prediction system successfully provides personalized recommendations, improving student engagement 

	Wei et al 2021[52]
	ML
	Coursera    online and   e-learning    platform
	recommendation algorithm
	Question Ontologies
	hybrid recommender system
	The Hight evaluation   values mean the recision@8 =62.69% was proposed

	Mohamed Hassan2020 [53]
	Library Search
	Data from W3C website
	RDF, OWL, XM and HTML
	Domain Ontology
	Semantic Web Technologies
	improve information retrieval and user engagement, leading to a more effective and personalized learning environment.



4. Discussion and Comparison
The comparison of various semantic recommender systems for online education highlights a diverse range of techniques, algorithms, and ontology types aimed at enhancing the personalization of learning experiences. One clear distinction across studies is the reliance on machine learning (ML) and deep learning (DL) techniques versus ontology-based approaches. For example, Putra et al. (2024) employed neural networks, decision trees, and Naïve Bayes, with neural networks achieving the highest accuracy (95.2%). This contrasts with ontology-based systems such as Khan et al. (2024) and Faithpraise et al. (2023), which focus on domain ontologies using OWL and RDF to improve the alignment of recommendations with user preferences, leading to improved user satisfaction and system accuracy. Another notable trend is the use of hybrid recommender systems, which combine collaborative filtering and content-based filtering to achieve superior results. Studies like Paneque et al. (2023) and Wei et al. (2021) demonstrated that hybrid approaches, incorporating multiple algorithms and ontologies, outperform single-method systems, with Paneque et al. reporting an accuracy of 90% using multi-layer perceptron (MLP). System performance metrics such as accuracy, F1-score, and user satisfaction also varied significantly. For instance, Ragab et al. (2024) achieved exceptional accuracy (99.67%) by combining deep learning with fuzzy ontologies, underscoring the effectiveness of integrating ML with semantic models. In contrast, traditional ML algorithms like Naïve Bayes demonstrated lower accuracy in educational platforms. Ultimately, the combination of ontology-driven models and advanced machine learning techniques is key to enhancing the relevance, accuracy, and personalization of recommendations, suggesting that future systems should continue to explore hybrid models that leverage both semantic web technologies and machine learning for optimal results.
5. Extracted Statistics
[image: ]Based on the reviewed papers, there is a global interest in exploring, understanding, using and developing Semantic Web algorithms, especially ontologies model, as there are types of ontologies. Below are some extracted statistics related to the use of the most commonly used types of ontologies. It is clear that a large part of the research is focused on domain ontology the area of e-learning.
Figure 3 Static Chart of Field Type Ontology (OWL)


6. Recommendations
The future of semantic recommender systems in online education is promising due to several key areas that offer opportunities for improvement and innovation. First, Hybrid recommender systems combining ontology-based approaches and advanced machine learning techniques are being explored for improved personalization and accuracy. Researchers should focus on dynamic and adaptive ontologies that evolve with user behavior. Second, Fuzzy logic and explainable AI in recommender systems can improve transparency and user trust. Future research should focus on explainability, scalability, and real-time data handling for wider educational applications.
Lastly, Cross-platform integration of recommender systems could enhance educational interoperability by creating personalized learner profiles from diverse learning environments and social platforms. Ethical considerations, such as data privacy and fairness, should be explored.
7. Conclusion
The integration of semantic recommender systems into online educational platforms presents a transformative approach to personalizing learning experiences. By leveraging advanced semantic web technologies such as ontologies, knowledge graphs, and machine learning algorithms, these systems go beyond traditional recommender models to provide recommendations that align more closely with the unique needs, goals, and knowledge gaps of individual learners. The research and examples discussed throughout this paper illustrate how semantic recommender systems can create adaptive learning environments, enhancing both learner engagement and academic performance.
Various implementations of these systems show significant improvements in recommendation accuracy, user satisfaction, and system performance, especially when hybrid approaches combining machine learning with semantic web technologies are utilized. However, while promising, several challenges remain. Scalability, real-time data handling, and ethical considerations, including data privacy and fairness, need further exploration as these systems evolve.
Future research should focus on developing more dynamic and adaptive ontologies that evolve with user behavior, and integrating these systems across multiple platforms to offer even more personalized and seamless learning experiences. With continuous advancements in explainable AI, fuzzy logic, and cross-platform integration, semantic recommender systems are poised to play a pivotal role in shaping the future of online education, offering learners richer, more engaging educational journeys tailored to their individual needs.This conclusion emphasizes the transformative impact of the systems and the future research directions to address the identified challenges. Let me know if you'd like any modifications!
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