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Objective: Considering individual differences in curriculum design and leadership is
crucial. Learner modeling, with its potential to support personalized learning, tailored
instruction, and resource efficiency, can be an effective method here. This study explores
four key questions—namely, the definition, types, applications, and implementation
methods of learner modeling—and examines its role in curriculum development.
Method: A systematic review was conducted in accordance with the PRISMA
guidelines. A total of 51 articles were extracted from the Web of Science and Scopus
databases. After screening, 12 articles were analyzed using exploratory analysis and
qualitative coding. This process was carried out accordingly.

Results: Based on a thorough review and analysis of the articles, learner modeling in
curriculum design was categorized into three frameworks: Al-based, ontology-based, and
learner cognitive information-based. Learner modeling was further classified into seven
types: overlay, stereotype, perturbation, machine learning-based, model tracing,
ontology, and hybrid. Applications of learner modeling included structuring the learning
process, enhancing educational efficiency, and designing personalized curricula.
Implementation algorithms were divided into three categories: coding, artificial
intelligence, and hybrid, with their main differences lying in the level of data dependency
and system complexity. Learner modeling enables dynamic curriculum adjustment, real-
time feedback, and optimization of learner performance.

Conclusions: Learner modeling, which links educational theories and technology,
reduces the challenges of centralized systems. Integrating artificial intelligence into
educational frameworks requires interdisciplinary collaboration, robust theoretical
models, and ethical implications for sustainable transformation.
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Extended Abstract

Introduction

In an era demanding educational approaches that cater to individual differences, curriculum design and
leadership face the significant challenge of moving beyond one-size-fits-all models. Learner modeling
(LM), a process of creating computational representations of a learner's knowledge, skills, and
attributes, emerges as a potent methodological solution. It holds considerable promise for supporting
personalized learning, tailoring instruction, and optimizing resource efficiency within educational
systems. This systematic review seeks to provide a comprehensive synthesis of the role of LM in
curriculum development by addressing four pivotal research questions: (1) How is LM defined in the
context of curriculum design? (2) What types of LM are utilized? (3) What are its primary applications?
and (4) How is it methodologically implemented?

Methods

This study was conducted as a systematic review in strict adherence to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. An initial search of the Web
of Science (WoS) and Scopus databases identified 51 potentially relevant articles. Following a rigorous
screening and eligibility assessment process to exclude duplicates and studies not directly focused on
the application of LM in the curriculum or instructional design process, a final corpus of 12 articles was
selected for in-depth analysis. Data extraction and synthesis were performed using exploratory thematic
analysis and qualitative coding, ensuring transparency, inter-coder reliability, and methodological rigor.

Results

This study demonstrated that learner modeling can be effectively applied in the initial curriculum design
phase to create coherent programs tailored to learners' needs and aligned with educational objectives.
Unlike common applications of these models in adaptation and personalization during curriculum
implementation, the findings of this study emphasize their key role in the initial design stage.

Ontological learner models assist curriculum designers by providing knowledge maps that identify
conceptual relationships between topics and prerequisites, enabling the design of syllabi and content
sequences that ensure progressive and logical learning. For instance, in designing the basic science
curriculum for the first cycle of secondary education, these models can specify the order of presenting
concepts, such as the relationship between gravitational force and Newton's laws, making students'
learning more structured. Furthermore, learner modeling, through analyzing data on learner
characteristics—including skill levels, learning styles, or specific needs—allows curriculum designers
to adapt instructional content and learning activities to different learner groups during the initial design
phase. These models can help identify student groups with varying levels of readiness, enabling
designers to define diverse learning objectives and activities for each group in the curriculum, which
aligns with principles of curriculum design based on individual differences. This approach not only
facilitates personalization of learning at the design stage but also enhances curriculum efficiency by
optimizing available resources, such as time and human resources.

In simple terms, the educational goal of these models is to help designers create curricula that make
learning more effective and accessible for all students, regardless of their skill levels or needs.
Clustering algorithms can group students based on their abilities, allowing designers to incorporate
varied learning activities in the initial design phase, such as challenging tasks for advanced students or
remedial activities for those with special needs. This process, unlike dynamic adaptation in the
classroom, leads to defining the initial curriculum structures and prevents resource waste during
implementation.
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The study showed that using analytical models in curriculum design, particularly in determining
learning objectives, organizing content, and sequencing lessons, can lead to more effective curricula
tailored to diverse learner needs. A systematic review of related research on learner modeling in
curriculum design revealed that this approach serves as a bridge between educational theories and
modern technologies, playing a key role in leading adaptive curriculum development. Integrating
theories such as multiple intelligences and learning styles with advanced algorithms like Bayesian
networks, fuzzy logic, and machine learning enables the design of adaptive curricula.

The findings clearly indicate that learner modeling significantly reduces challenges in centralized
educational systems, such as large student populations and resource limitations. Through approaches
like learner clustering, curricula become dynamically aligned with individual needs without imposing
additional burdens on educational resources. In the first step, demographic information and students'
academic performance data are collected. Additionally, psychological assessments related to academic
success, such as learning style questionnaires and anxiety tests, are conducted via educational platforms.
Then, using artificial intelligence or educational data mining technologies, students are clustered, with
the k-means algorithm selected as an appropriate method.

Depending on the cluster in which each learner is placed, a specific type of learner model is applied,
and corresponding educational interventions are implemented. If a student is in a cluster of learners
experiencing misconceptions in the learning process, a perturbation learner model is used to identify
and address that specific misconception. Students clustered as aimless or lacking goals are supported
through ontological learner models to structure their knowledge and learning paths. Learners identified
as gifted with high potential are modeled using machine learning-based models to predict and enhance
their superior performance. Learners categorized in low-performing groups use overlay models that
focus on filling knowledge gaps and scaffolding learning. Students demonstrating satisfactory academic
performance are monitored through tracking models to follow their progress and refine their learning
strategies.

Educational interventions are designed and selected based on a definition of learner modeling that
emphasizes responsiveness to cognitive, demographic, and individual learner needs. Learner modeling
serves as a tool for adapting teaching methods to learners and adjusting the curriculum, resulting in a
mechanism for monitoring and diagnosing educational design challenges. Another definition places
learner modeling within an ontological framework, providing theoretical justification for the artificial
intelligence algorithms used in this process. This definition supports creating structured representations
of learner knowledge and competencies, enabling automated reasoning and personalized
recommendations. Additionally, Bayesian statistics and artificial intelligence technologies are used to
align educational content with learners' styles and knowledge levels, making the necessary
personalization possible for each student to achieve their optimal academic potential.

Conclusions

This review conclusively establishes that learner modeling serves as a critical bridge between
educational theory and advanced technology, effectively mitigating challenges inherent in centralized
educational systems, such as large student populations and resource constraints. By enabling dynamic
curriculum adjustment, real-time feedback, and performance optimization, LM facilitates the creation
of more adaptive, personalized, and equitable learning pathways. The integration of artificial
intelligence into educational frameworks, however, necessitates robust interdisciplinary collaboration,
the development of stronger theoretical models, and careful consideration of ethical implications
concerning data privacy and algorithmic transparency. For sustainable transformation, future efforts
must focus on developing user-friendly tools for curriculum designers, validating these models in
diverse real-world educational settings, and embedding LM within a holistic educational ecosystem that
includes teacher training and supportive policy frameworks.
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