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Abstract
This study aimed to design and validate a conceptual framework for Al-based adaptive curriculum planning with emphasis on learning
analytics and students’ individual differences. An exploratory sequential mixed-methods design was employed. In the qualitative phase,
20 experts in curriculum planning, educational technology, artificial intelligence in education, educational measurement and assessment,
and learning analytics in Tehran were selected through purposive sampling. Data were collected through semi-structured interviews and
analyzed using thematic analysis. Based on the qualitative findings, a researcher-developed questionnaire was constructed and its face and
content validity were examined. In the quantitative phase, the questionnaire was administered to 400 upper-secondary students in Tehran
selected through multistage cluster sampling. Quantitative analyses included internal consistency reliability, composite reliability, average
variance extracted, and confirmatory factor analysis. Model fit was assessed using y?/df, GFI, AGFI, CFI, TLI, NFI, IFI, RMSEA, and
SRMR. The qualitative analysis identified 10 major components: data-driven curriculum infrastructure, learning analytics, identification
of individual differences, learner-profile modeling, adaptation of learning objectives and instructional content, adaptation of teaching
strategies and learning activities, intelligent assessment and continuous feedback, Al-based decision-making, teacher supervision, and
ethical, security, and supportive requirements. In the quantitative phase, standardized factor loadings ranged from 0.67 to 0.91 and
Cronbach’s alpha coefficients ranged from 0.86 to 0.92. Composite reliability values ranged from 0.89 to 0.94, while average variance
extracted ranged from 0.61 to 0.71. Model-fit indices indicated satisfactory fit: y*/df=2.19, GFI=0.91, CFI=0.95, TLI=0.94, NFI=0.92,
IF1=0.95, RMSEA=0.055, and SRMR=0.046. The findings demonstrated that Al-based adaptive curriculum planning is a
multidimensional, dynamic, and data-driven system in which learning analytics and individual differences provide the basis for dynamic
learner profiling and intelligent adaptation of curriculum components. Teacher supervision and ethical safeguards function as essential
regulatory mechanisms. The acceptable psychometric properties and model-fit indices support the proposed framework as a valid
foundation for the development of intelligent and personalized curriculum-planning systems.

Keywords: Adaptive Curriculum Planning, Artificial Intelligence, Learning Analytics, Individual Differences, Personalized Learning,
Intelligent Curriculum, Exploratory Mixed-Methods Study
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EXTENDED SUMMARY

Introduction

The rapid advancement of artificial intelligence (Al), machine learning, learning analytics, intelligent tutoring systems, and
educational data mining has created new possibilities for transforming curriculum planning from a predominantly standardized
and static process into a dynamic, evidence-based, and learner-responsive system. Traditional curriculum planning generally
assumes relatively homogeneous groups of learners and often determines objectives, content, instructional activities, and
assessment procedures before instruction begins. Although such approaches provide curricular coherence and organizational
stability, they may insufficiently address differences in students’ prior knowledge, learning pace, motivation, interests, cognitive
characteristics, patterns of engagement, and support needs. The emergence of Al in education has challenged this assumption by
enabling educational systems to continuously collect and process learner-generated data and use these data to support
increasing]y individualized instructional decisions (Boulay et al., 2023; Nguyen et al., 2023; O_]ha et al., 2023;
Yildirim & Celepcikay, 2021).

A central development associated with Al-supported education is the transition from uniform instruction toward personalized
and adaptive learning. Adaptive learning environments can adjust educational content, difficulty levels, sequencing, feedback,
learning activities, and instructional support according to an evolving representation of each learner. Al-powered tutors and
personalized learning systems have demonstrated the potential to identify learning gaps, tailor learning pathways, and provide



20030

differentiated instructional experiences according to student performance and needs (Alvarez et al., 2024; Galaup, 2023;
Ivanova, 2023). More recent Al-driven knowledge models further suggest that adaptive educational environments can
integrate learner data, domain knowledge, and pedagogical rules to produce more sophisticated forms of personalization
(Ivanova, 2026). Accordingly, adaptation should not be understood merely as changing the difficulty of instructional
materials; rather, it can be conceptualized as a continuous process of aligning curriculum components with the changing
characteristics of individual learners.

Learning analytics represents one of the most important foundations of such adaptation. Digital educational environments
generate substantial amounts of data concerning academic performance, response patterns, time on task, participation, error
frequency, learning progression, resource use, and interaction with assessment activitics. When analyzed systematically, these
data can support descriptive, diagnostic, predictive, and prescriptive decision-making. Machine-learning methods increasingly
allow educational systems to detect complex patterns in learner behavior and convert those patterns into actionable information
for instructional planning (Deng, 2024; Georgiou, 2026). Reinforcement-learning approaches further extend this capacity
by enabling systems to learn from the consequences of previous educational decisions and progressively improve their
recommendations (Mon et al., 2023). Thus, learning data become meaningful for curriculum planning when they are
transformed into interpretable evidence about learner status and used to inform subsequent educational actions.

The consideration of individual differences is equally fundamental. Students differ not only in academic achievement but also in
prior knowledge, rate of learning, motivation, interests, engagement, patterns of error, and the type and intensity of
instructional support they require. Al-enabled educational software has increasingly been designed to capture these differences
and respond to them through personalized feedback and instructional recommendations (Annus, 2024). Adaptive curriculum
planning therefore requires a dynamic learner profile that can be continuously updated as new data become available. Such a
profile can function as an intermediary representation linking learning analytics to instructional decision-making. Rather than
assigning learners to fixed categories, a dynamic model can represent changes in performance and learning needs over time,
thereby enabling curricular decisions to remain responsive to emerging evidence.

At the same time, the integration of Al into curriculum planning raises pedagogical and ethical concerns. Al-generated
recommendations cannot adequately account for every contextual, emotional, social, and educational factor affecting a learner.
Consequently, the teacher remains essential as a professional decision-maker who interprets data, evaluates algorithmic
suggestions, recognizes contextual circumstances, and modifies recommendations when necessary. Recent work on Al-
supported teacher education and classroom integration emphasizes that sustainable adoption requires teachers to develop both
technological competencies and the professional capacity to critically evaluate Al-supported decisions (Kesgin, 2025; Yokus,
2025). Furthermore, the extensive use of student data introduces concerns related to privacy, algorithmic bias, transparency,
explainability, data security, accountability, and equitable access. Human-centered approaches to intelligent educational systems
therefore emphasize that technological effectiveness must be accompanied by ethical safeguards, inclusion, and meaningful
human oversight (Cordova-Esparza, 2025; Triantafyllou, 2026).

Although previous studies have separately examined Al-based tutoring, learning analytics, machine learning, personalized
learning, educational software, and intelligent curriculum design, these areas are often treated as distinct lines of inquiry. There
remains a need for an integrated framework explaining how learning data, individual learner differences, dynamic learner
modeling, Al-based decision-making, curriculum adaptation, continuous assessment, teacher supervision, and ethical safeguards
can function together as components of a coherent curriculum-planning system. Recent developments in Al-powered curriculum
design and smart educational environments reinforce the importance of developing such integrated models (Wang et al.,
2025; Xu & Zhang, 2026). Therefore, the present study aimed to design and validate a conceptual framework for Al-based
adaptive curriculum planning with emphasis on learning analytics and students’ individual differences.

Methods and Materials

This study employed an exploratory sequential mixed-methods design consisting of qualitative exploration followed by
quantitative validation. In the qualitative phase, the study population included faculty members and specialists in curriculum
planning, educational technology, artificial intelligence in education, educational measurement and assessment, and learning
analytics in Tehran. Participants were selected through purposive sampling according to their academic expertise, professional
experience, and direct relevance to the research topic. Inclusion criteria consisted of possessing a doctoral degree in a relevant
field or substantial professional expertise in intelligent learning systems, having at least five years of relevant academic or
professional experience, and willingness to participate in an in-depth interview. Sampling continued until theoretical saturation
was achieved. A total of 20 experts participated in this phase. Saturation was substantially reached after the eighteenth interview,
and two additional interviews were conducted to ensure conceptual adequacy.

Qualitative data were collected using semi-structured interviews lasting approximately 45 to 70 minutes. The interviews
explored the essential components of adaptive curriculum planning, types of learner data required for adaptation, mechanisms
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for identifying individual differences, Al-supported decision-making, adaptation of curriculum objectives and content,
instructional strategies, learning activities, intelligent assessment, teacher supervision, and ethical and technical requirements.
Interviews were transcribed verbatim and analyzed through thematic analysis. Initial codes were generated from meaningful
units of text, conceptually similar codes were grouped into subcategories, and related subcategories were progressively
organized into broader themes. The analysis involved repeated comparison between raw interview data, codes, subcategories,
and final themes.

In the quantitative phase, the statistical population consisted of upper-secondary students in Tehran. A final sample of 400
students was selected through multistage cluster sampling. A researcher-developed questionnaire was constructed directly from
the qualitative findings. Items represented the themes and indicators identified during the interview phase and were scored using
a five-point Likert scale. Content and face validity were assessed by a panel of experts, and the instrument was pilot-tested for
clarity before administration. Quantitative data analysis included descriptive statistics, assessment of missing values and
distributional assumptions, internal consistency reliability, composite reliability, average variance extracted, and confirmatory
factor analysis. Model fit was evaluated using the chi-square to degrees-of-freedom ratio, GFI, AGFI, CFl, TLI, NFI, IFI,
RMSEA, and SRMR.

Findings

The qualitative phase included 20 experts, of whom 12 were men and 8 were women. Their mean age was 47.85 years with a
standard deviation of 6.42, and their professional experience averaged 16.70 years with a standard deviation of 5.61. The
quantitative sample consisted of 400 upper-secondary students, including 206 girls and 194 boys. Their mean age was 16.47
years with a standard deviation of 0.91. Of the students, 138 were in Grade 10, 134 in Grade 11, and 128 in Grade 12.
Thematic analysis resulted in 10 major components of Al-based adaptive curriculum planning: data-driven curriculum
infrastructure, learning analytics, identification of individual differences, dynamic learner-profile modeling, adaptation of
learning objectives and instructional content, adaptation of teaching strategies and learning activities, intelligent assessment and
continuous feedback, Al-based decision-making, teacher supervision and process guidance, and ethical, security, and supportive
requirements. After merging overlapping codes and removing redundancies, 200 final qualitative codes remained. Identification
of individual differences generated the largest number of final codes, followed by Al-based decision-making, adaptation of
objectives and content, and learning analytics. The greatest interview-reference frequencies were also observed for identification
of individual differences, Al-based decision-making, and learning analytics, indicating the centrality of these components within
the proposed framework.

Quantitative findings supported the reliability and validity of the extracted structure. Mean scores for the 10 constructs ranged
from 4.01 to 4.29. The highest mean was observed for ethical, security, and supportive requirements, followed by teacher
supervision and intelligent assessment with continuous feedback. Cronbach’s alpha coefficients ranged from 0.86 to 0.92, while
composite reliability coefficients ranged from 0.89 to 0.94. Average variance extracted ranged from 0.61 to 0.71, exceeding
the acceptable threshold for all constructs and providing evidence of convergent validity.

Confirmatory factor analysis further supported the proposed measurement model. Standardized factor loadings ranged from
0.67 to 0.91, and all associated t-values were statistically significant. The lowest t-value was 12.44 and the highest was 24.12,
indicating that all observed indicators contributed significantly to their intended latent constructs. Model-fit analysis yielded x?
= 1124.36 with 514 degrees of freedom and x?/df = 2.19. Additional indices were GFI = 0.91, AGFI = 0.89, CFI = 0.95, TLI
=0.94, NFI = 0.92, IFI = 0.95, RMSEA = 0.055, and SRMR = 0.046. Collectively, these values indicated an acceptable to
strong fit between the conceptual structure derived from the qualitative phase and the empirical data obtained from students.
Discussion and Conclusion

The findings indicate that Al-based adaptive curriculum planning is best understood as an interconnected and cyclical educational
system rather than as the application of a single intelligent technology. The proposed framework begins with a data-driven
curriculum infrastructure through which academic, behavioral, and interaction data are continuously collected. These data are
processed through learning analytics and interpreted in relation to students’ individual differences. The resulting information is
then organized into a dynamic learner profile that represents the learner’s current knowledge, performance, pace, interests,
motivation, and support requirements.

This profile provides the informational basis for Al-supported decision-making. The AI component does not function as an
autonomous replacement for professional educational judgment; rather, it transforms analyzed learner information into
recommendations concerning learning objectives, instructional content, teaching strategies, learning activities, difficulty levels,
pacing, and assessment. Intelligent assessment subsequently measures the consequences of these adaptations and generates new
data, thereby returning information to the beginning of the cycle. The framework is therefore self-correcting: curriculum
decisions are continuously revised according to evidence produced through learner interaction and assessment.

A particularly important contribution of the framework is its treatment of teacher supervision as an integral rather than external
component. Adaptive systems may identify patterns and generate recommendations at a scale that is difficult for teachers to
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achieve manually, but educational decisions remain context-sensitive. Teachers are needed to interpret recommendations,
consider emotional and social circumstances, recognize exceptional cases, and approve or revise algorithmic decisions. The
model therefore positions Al as a decision-support mechanism operating under professional human oversight.

The findings also demonstrate that ethical, security, and supportive requirements should not be treated as supplementary
considerations. Because adaptive curriculum planning depends heavily on individualized learner data, privacy protection, data
security, algorithmic transparency, fairness, explainability, and accountability must operate across all components of the system.
The high quantitative evaluation of this dimension suggests that effective implementation requires technical and pedagogical
innovation to proceed alongside governance mechanisms designed to protect students.

Overall, the mixed-methods findings support a 10-component conceptual framework in which learning analytics and individual
differences form the primary bridge between educational data and adaptive curriculum decisions. The framework expands
personalization beyond content recommendation by incorporating objectives, instructional strategies, activities, assessment,
feedback, teacher oversight, and ethical governance. Its empirical validation suggests that the proposed structure possesses
sufficient conceptual coherence, reliability, and construct validity to serve as a foundation for future development and
implementation of Al-supported adaptive curriculum systems. In conclusion, the study provides an integrated model for
transforming curriculum planning from a predominantly static and uniform process into a dynamic, data-driven, learner-
sensitive, continuously evaluated, and human-supervised system capable of responding to the changing educational needs of
individual students.
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