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Introduction
In recent decades, digital transformation has fundamentally reshaped teaching and learning

practices across various educational levels. The expansion of information technologies,
widespread internet access, the development of e-learning platforms, and the increasing volume
of educational data have created an environment in which education is no longer confined to
traditional classrooms and one-size-fits-all approaches. In this context, the emergence of artificial
intelligence as one of the most influential technologies of our time has generated unprecedented
opportunities for personalizing the learning process, analyzing learner behavior, and designing
intelligent educational systems. One of the most significant outcomes of this transformation is the
concept of "adaptive learning," in which the learning path, content, pace, and method are tailored
to the characteristics, needs, and performance of each individual learner. Within such a
framework, adaptive learning systems, leveraging Al algorithms and educational data analytics,
strive to create a dynamic, flexible learning experience that accommodates individual differences.
However, the full realization of this approach within educational systems necessitates a profound
reconsideration of how curricula are designed, since traditional curricula have largely been shaped
by linear structures, fixed content, and uniform instructional approaches, making them difficult
to align with the dynamic, data-driven logic of adaptive learning systems (Khosravi et al., 2022).

In many educational systems, curricula continue to be designed based on traditional models,
wherein content, learning objectives, teaching methods, and assessment practices are
predetermined and uniformly implemented for all learners. This is despite substantial evidence
from educational psychology and the learning sciences indicating that learners differ significantly
in their learning styles, learning pace, prior knowledge, motivations, interests, and cognitive
abilities. In a typical classroom, some students may grasp concepts quickly and require more
complex challenges, while others need more time, diverse examples, or step-by-step guidance to
understand the same concepts (Farajpour et al., 2025). Traditional curricula, built on a "one-
program-fits-all" basis, are often unable to accommodate these individual differences, resulting
in some learners experiencing frustration and difficulty, while others face monotony and a lack
of challenge. This can lead to diminished learning motivation, academic underachievement, and
reduced effectiveness of the educational system. Under these circumstances, the use of Al-based
adaptive learning systems can serve as an effective solution for addressing diverse learner needs;
however, this is only feasible when curricula are designed to interact with and adapt to such
systems (Conati & Santos, 2022; Farajpour & Gunkel, 2025a). Moreover, experiences from other
domains indicate that wherever Al-driven automated decision-making has been integrated into
human mechanisms, concerns regarding transparency, accountability, and oversight have become
paramount just as in the field of law and sports arbitration, the use of Al has raised significant
challenges concerning procedural fairness and accountability (Farajpour et al., 2025). Therefore,
designing curricula for intelligent environments must simultaneously emphasize learning
personalization, algorithmic transparency, and accountability mechanisms, ensuring that the use
of Al is not only efficient but also fair and trustworthy.
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Method

This research employed a quantitative approach based on the analysis of educational data. The
dataset included variables such as prior knowledge level, learning style, level of engagement,
time spent on content, assessment scores, and type of instructional content. Learners' performance
was analyzed to evaluate the effectiveness of adaptive algorithms in adjusting difficulty levels
and designing personalized learning pathways.

Results

The results indicated a significant positive relationship between prior knowledge level and
academic performance. Furthermore, the type of instructional content and learning style were
found to influence learners' engagement and success. It was also revealed that adaptive algorithms
are effective in adjusting content difficulty and delivering personalized learning pathways. In
addition, data analysis enabled more accurate prediction of learners needs.

Conclusion

The findings of this study indicate that employing adaptive learning approaches in curriculum
design can provide a more precise understanding of students' learning patterns and facilitate the
personalization of the educational process. Analysis of the extracted data from the examined
dataset revealed that learners exhibit significant variation in terms of cognitive characteristics,
prior knowledge, levels of engagement, and patterns of interaction with content. This
heterogeneity in learning behavior constitutes one of the most critical reasons for the
ineffectiveness of traditional curricula, which are typically designed around a uniform learning
path. In contrast, the results of this study demonstrate that leveraging behavioral and performance
data from learners can serve as a foundation for creating flexible and dynamic learning
trajectories, enabling the educational system to adjust content difficulty, type of learning activity,
and subsequent learning path according to each learner's individual characteristics. Notably, the
average prior knowledge and engagement level among the sample fell within a moderate range,
suggesting that many learners are at a stage requiring instructional support tailored to their current
abilities. This situation underscores the importance of intelligent systems, as they are capable of
analyzing educational data to establish an appropriate balance between academic challenge and
learner capability (Holmes et al., 2022).Furthermore, the results concerning the distribution of
learning styles indicated that the study population exhibited a relatively balanced diversity in
cognitive preferences and information processing modes. This diversity in learning styles
emphasizes that presenting content in varied instructional formats—such as video, text,
interactive simulations, and project-based activities—can play a significant role in enhancing
learning effectiveness. In this regard, data analysis showed that the educational system under
examination utilized a broad range of content formats, which contributed to a multidimensional
learning experience for students. Such an approach aligns with contemporary instructional design
perspectives that view learning as an active, interactive, and multimodal process. The results also
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revealed that the largest share of educational content used belonged to quizzes or assessment
activities. This finding may indicate the pivotal role of continuous assessment in adaptive learning
systems, as such assessments provide the necessary data for continuously adjusting the
learning path. In other words, in data-driven learning environments, assessment serves not
only as a tool for measuring performance but also as a mechanism for guiding the learning
process (Woolf, 2021).

Analysis of the difficulty level of instructional recommendations also yielded notable
results. A considerable proportion of the system's recommendations were at a moderate
difficulty level, which aligns with the average prior knowledge and performance levels of the
learners. This finding suggests that the algorithm or decision-making logic of the educational
system has been able to maintain a degree of balance between learner ability levels and
educational challenges. In learning theories, this balance is often recognized as a key factor
in sustaining motivation and continued learner engagement. If content difficulty is too low,
the learner experiences no sense of progress; if it is excessively high, motivation may decline
and the likelihood of dropout increases. Therefore, the concentration of recommendations at
a moderate difficulty level can be interpreted as an indication of the adaptive mechanism's
proper functioning. At the same time, the presence of some more difficult recommendations
indicates that the system has been able to identify higher-performing learners and suggest
advanced learning paths for them (Hwang & Xie, 2021). In another part of the findings, the
completion status of learning activities was examined. The results showed that a significant
portion of users were able to complete their learning activities, while another group remained
in the process of engaging with activities or had not yet finished them. This pattern indicates
that learner interaction with the educational environment is not uniform, and some users may
face challenges in continuing their learning path due to various reasons, including content
difficulty, time constraints, or diminished motivation. From a curriculum design perspective,
this highlights the importance of attending to motivational and supportive factors. In
advanced adaptive learning systems, such challenges are typically addressed through the
analysis of behavioral data and the provision of intelligent feedback, enabling the system to
offer more appropriate recommendations or adapt content to the learner's ability level when
engagement declines or performance drops (Papamitsiou & Economides, 2021).

From a broader perspective, the results of this study demonstrate that educational data can play
a crucial role in redesigning curricula. Unlike traditional approaches, which treat the curriculum
as a fixed, predetermined structure, the adaptive learning approach defines the curriculum as a
dynamic, data-driven system in which each student's learning path can evolve based on individual
characteristics and actual performance. This paradigm shift in instructional design holds
particular significance in complex and interdisciplinary fields such as artificial intelligence, where
students typically come with diverse knowledge backgrounds and require varied learning
trajectories. Therefore, integrating Al technologies with curriculum design can lead to the
creation of more flexible, efficient, and learner-centered educational environments (Floridi,
2022). In summary, the findings of this study suggest that the combination of educational data,
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learning analytics, and recommender systems can offer a new perspective for the development of
intelligent curricula. Such an approach not only contributes to improving students' learning
experiences but also enables evidence-based decision-making for instructional designers and
higher education policymakers. However, the full realization of this vision requires attention to
several key factors, including the development of appropriate data infrastructure, the design of
more precise algorithms for analyzing learner behavior, and due consideration of ethical issues in
the use of educational data. In conclusion, the future of curriculum design is moving toward
models in which data, artificial intelligence, and instructional design interact to shape intelligent,
personalized learning environments (UNESCO, 2021).
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