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Abstract 

 

 
The rapid growth of digital education has given rise to complex e-learning ecosystems 

designed to meet the evolving needs of today’s learners. These ecosystems bring together multiple 

components—learners, educators, content providers, technological platforms, and institutional 

frameworks—to create environments where technology and data work in harmony to deliver, manage, 

and enhance learning experiences.  

At the heart of this ecosystem is the learner, the primary consumer of educational content and 

services. Their success depends on the system’s ability to adapt to individual behaviors, needs, and 

learning progress. A truly learner-centered e-learning ecosystem must therefore rely on intelligent 

tools capable of predicting outcomes, personalizing content, and scaling services to support diverse 

educational journeys. 

This thesis contributes to that vision by applying machine learning techniques to enhance 

learning outcomes and provide personalized support in e-learning environments. The first part of the 

study focuses on predicting student performance using classification models such as Random Forest, 

Support Vector Machine, Logistic Regression, and Linear Discriminant Analysis. These models are 

trained on behavioral and academic data to forecast performance and identify students at risk of 

failure. Early predictions enable timely pedagogical interventions, allowing educators to tailor their 

support strategies and improve academic retention. 

The second part of the thesis introduces a course recommendation system based on content 

similarity. By leveraging vectorization techniques and similarity measures, the system compares 

course features to suggest relevant learning opportunities aligned with the learner’s interests and goals. 

This method enhances personalization and supports efficient navigation across large course catalogs, 

empowering students to make more informed learning decisions. 

In addition to these machine learning applications, the thesis proposes a scalable cloud-based 

infrastructure model to support the integration and delivery of intelligent learning systems. The model 

outlines a multi-layered architecture that enables efficient data management, content services, and 

predictive analytics. It ensures interoperability, scalability, and responsiveness—critical attributes for 

modern digital education platforms. Together, these contributions support the advancement of 

adaptive, data-driven e- learning ecosystems. By focusing on student performance prediction, 

personalized course recommendation, and scalable infrastructure, this thesis aims to enhance learner 

engagement, improve academic outcomes, and strengthen institutional capacity to meet the evolving 

demands of digital education. 
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