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Abstract 

 

 
This research lies at the intersection of pedagogy, artificial intelligence, and semantic 

technologies, with the objective of designing an adaptive, competency-based virtual learning 

environment that addresses the limitations of conventional e-learning systems. In response to the 

need for personalized instruction that aligns with learners' individual profiles, goals, and progress, 

the proposed system—MAS-CBRComp—leverages the combined strengths of Case-Based Reasoning 

(CBR), Multi-Agent Systems (MAS), and ontology-based modeling. 

 

The system dynamically adapts learning paths by retrieving and reusing pedagogical 

scenarios from previous learners based on a hybrid case retrieval mechanism that integrates rule-

based filtering and K-Nearest Neighbors (KNN) matching. A meta-adaptation layer refines feature 

weights and similarity thresholds based on learner satisfaction and performance feedback, allowing 

the system to evolve over time and improve its recommendations. 

 

To ensure pedagogical relevance and semantic consistency, the architecture is underpinned 

by a suite of ontologies representing competencies, learning objects, learner profiles, and 

pedagogical strategies. The multi-agent architecture distributes responsibilities across specialized 

agents, ensuring modularity, scalability, and responsiveness in adapting to learner needs. 

 

By embedding intelligent reasoning into a pedagogically grounded framework, this research 

contributes a scalable and reusable model for delivering personalized, competency-aligned learning 

experiences. It also offers intelligent authoring and monitoring tools for instructors, enabling more 

effective design and evaluation of educational content in line with learner development and 

instructional goals. 
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