TAES International Journal of Artificial Intelligence (I1J-AI)
Vol. 15, No. 5, October 2026, pp. 4992~5000
ISSN: 2252-8938, DOI: 10.11591/ijai.v15.15.pp4992-5000 O 4992

Application of adaptive artificial intelligence for personalizing
learning paths in e-learning

Mohammed Salihoun!, Abdelali ElImounadi®?
"Department of Computer Science, Faculty of Science and Technology in Errachidia, Moulay Ismail University, Meknés, Morocco
?Department of Computer Science, Ecole Normale Supérieure of Rabat, Mohammed V University, Rabat, Morocco
SLASTIMI Laboratory, Superior School of Technology of Salé, Mohammed V University, Rabat, Morocco

Article Info

ABSTRACT

Article history:

Received May 18, 2025
Revised Jul 29, 2026
Accepted Aug 12, 2026

Keywords:

Adaptive e-learning

Artificial intelligence in education
Deep learning

Intelligent tutoring systems
Learning personalization
Machine learning

The field of education and online education in particular, has undergone
radical change thanks to digital transformation. The integration of adaptive
artificial intelligence (Al) into the latter has given a further significant
evolution, enabling the online personalization of learning paths. The result is
clearly effective, engaging and specific education for every student. This
article analyzes how adaptive Al can improve e-learning, with a specific
accentuation on algorithms and tools—such as machine learning and deep
learning that enable this level of customization. Technical and ethical
challenges will be discussed, as we go over their benefits, precisely with
regard to improving learning outcomes and promoting student involvement
and engagement. Additionally, the paper examines the potential applications
of adaptive Al in online learning, stressing the anticipated advancements and
the significance of a thoughtful strategy that considers moral and legal
concerns. The paper highlights the ways in which adaptive Al can
revolutionize distance learning and stimulates critical thought about the

implications of its broad implementation.
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1. INTRODUCTION

Online education has transformed access to learning, breaking down the geographical and temporal
barriers that traditionally limited students and teachers. However, despite its numerous benefits, the major
problem remains on the difficulty to deliver a tailored and adaptive learning experience and paths to each
individual learner [1]. However, despite its numerous benefits, the major problem remains on the difficulty to
deliver a tailored and adaptive learning experience and paths to each individual learner. Hence the emergence
of adaptive artificial intelligence (AI), which represents a promising solution to this problem, offering the
possibility of in-depth, dynamic personalization of learning paths [2].

The emergence of adaptive Al has given the possibility to e-learning platforms to customize and
personalize the learning path to each user’s preferences and needs in real time. These technologies can
transform e-learning, making it more interactive, engaging and effective by adapting content automatically,
pace and teaching style to the individual needs of learners [3]. The last studies have shown that customizing
learning can significantly support and improve learner engagement and academic outcomes, by providing
learning experiences that are more in tune with their goals objectives and preferred learning styles [4], [5].
Moreover, the application of adaptive Al to e-learning provides a valuable opportunity to analyze vast
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quantities of learner data learning, enabling teachers to better understand learning processes and adjust their
teaching methods and styles accordingly [6].

Nevertheless, despite these potential benefits, the integration of adaptive Al in e-learning also
prompts significant ethical and practical considerations, especially regarding data privacy, security, and the
potential for algorithmic bias [1], [7]. In addition, it is crucial to give a special attention to these challenges to
prevent the potential disadvantages from outweighing the benefits of adaptive Al In this context, this article
aims to investigate the use of adaptive Al in customizing online learning paths, discussing the technologies
and algorithms employed, the related advantages and obstacles, as well as the future prospects of this
pioneering approach.

2. THEORETICAL FOUNDATIONS
2.1. Adaptive artificial intelligence

Adaptive Al marks a significant evolution in the field of Al, moving away from static systems based
on predefined rules towards models capable of evolving and adapting in real time [8]. This transition has
been made possible thanks to major advances in the subfields of machine learning and deep learning [9],
allowing systems to continuously learn from data generated through their interactions with users and their
environment. The adaptation mechanisms employed by these systems vary, including online learning, where
models update incrementally as new data becomes available [10], and reinforcement learning, which adjusts
actions based on rewards or penalties received to optimize long-term goals [11]. These technologies find
applications in a multitude of domains beyond e-learning, such as personalizing user experiences in
e-commerce [12], optimizing routes in logistics [13], and intelligent personal assistants, which learn and
adapt to users’ preferences and habits [14]. However, their integration into e-learning stands out for their
ability to create personalized learning pathways, adapting educational content to the individual needs of
learners to maximize pedagogical effectiveness and engagement [15], [16]. The emergence of adaptive Al
thus represents a revolution in the way interactive systems are designed, offering promising prospects for
large-scale personalization and an enriched user experience across various applications [17].

2.2. Artificial intelligence technologies in e-learning
2.2.1. Machine learning and deep learning

In the field of e-learning, machine learning and deep learning play a crucial role by enabling deep
customization and adaptation of educational content to the individual needs of learners. Machine learning,
with its ability to learn from large amounts of data without being explicitly programmed, can identify
patterns and trends in learning behaviors, thereby facilitating the creation of personalized
recommendations and the adaptation of learning paths [18]. Furthermore, deep learning, which uses deep
neural networks to analyze and interpret complex data sets, allows for a more nuanced and detailed
understanding of learners needs and preferences, surpassing the capabilities of traditional machine learning
approaches [19]. These technologies have also enabled significant advancements in the analysis of
open-ended responses and student interactions, thanks to their ability to process natural language and
recognize patterns in unstructured data, thus improving real-time assessment and feedback [20]. Their
integration into e-learning platforms has transformed the educational experience, making learning more
interactive, engaging, and tailored to the unique needs of each student, paving the way for more inclusive
and effective pedagogical methodologies [21].

2.2.2. Intelligent systems and natural language processing

Intelligent systems and natural language processing represent two essentials technological pillars in
the evolution of e-learning platforms towards more interactive and personalized learning environments.
Expert systems, by integrating specialized knowledge bases and inference mechanisms, simulate human
expertise to provide personalized advice and explanations, thus facilitating a richer learning experience
tailored to each user [22]. These systems mimic human tutoring by detecting learners’ knowledge gaps and
proposing targeted educational resources, significantly improving the effectiveness of self-directed
learning [23]. On the other hand, natural language processing enables natural interaction between learners
and e-learning platforms by analyzing and understanding human language, which facilitates a more accurate
assessment of students’ textual responses and encourages smoother communication [24]. Furthermore,
advancements in natural language processing have paved the way for innovations such as virtual
learning assistants capable of answering students’ questions in real-time, providing instant and personalized
assistance [25]. The integration of these Al technologies profoundly transforms e-learning platforms, making
them not only more responsive to the individual needs of learners but also facilitating a more engaging and
interactive educational experience [26].
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3. METHOD

The methodology of this study focuses on an in-depth exploration of the application of adaptive Al in
the field of e-learning to personalize users’ learning paths. To this end, a methodical approach in several stages
were adopted, including data collection, analysis via machine learning models, and the adaptation of these
models to the individual needs of learners. Data collection is carried out from a variety of sources, notably user
interactions with e-learning platforms, assessment results, and feedback, while ensuring compliance with
privacy and security standards in accordance with current regulations [27]. The collected data are then analyzed
using machine learning algorithms such as random forests and neural networks, allowing the identification of
learning behavior patterns and predicting user needs [28]. This analysis is crucial for the adaptation of Al
models, which adjust based on user interactions with educational content, thus ensuring dynamic
personalization of learning paths based on learners’ performance and preferences [29]. The methodological
approach, relying on advanced Al techniques, aims to transform e-learning into a more immersive, interactive,
and personalized experience, precisely meeting the pedagogical requirements and aspirations of each learner.

3.1. Data collection

This research on the incorporation of adaptive Al into e-learning systems is based mostly on data
collection. In order to support and evaluate the effectiveness of the adaptive Al models being created, this
stage is essential. Information is gathered from a variety of sources, including user interactions with online
learning environments, including activity logs, test scores, and learner reviews. With the use of this
multifaceted method, a complete picture of the learning preferences, behaviors, and difficulties that students
encounter can be obtained [30]. In compliance with current regulatory standards, extra consideration is also
taken to protecting the privacy and security of the data that is gathered, guaranteeing that all information is
processed securely and ethically [31]. In order to fully comply with data privacy regulations, such as the
general data protection regulation (GDPR) in Europe, sophisticated encryption mechanisms and data
protection measures are put in place from the very beginning of data gathering [32]. This meticulous
approach to data collection not only reinforces the validity of our findings but also opens the door to exact
insights for customized learning paths via adaptive Al.

3.2. Analysis models
3.2.1. Machine learning algorithms

As part of the methodology, the analysis of the collected data relies on the use of advanced machine
learning algorithms to identify patterns and trends within users’ learning behaviors. Algorithms such as
random forests and neural networks are particularly valued for their ability to handle vast and complex data
sets, offering valuable insights into the learning needs and preferences of users [33]. These models are trained
on the collected data, including interactions with the platforms, assessment results, and learner feedback, to
effectively predict future educational needs and recommend suitable educational resources. This process not
only improves the accuracy of educational recommendations but also enables large-scale personalization of
learning paths16. The adaptability of AI models is crucial to accommodate diverse learning styles,
dynamically adjusting content and pedagogical strategies based on the individual performance and preferences
of learners [34]. Thus, the application of these machine learning algorithms constitutes a fundamental step in
our research, enabling the development of truly adaptive and responsive e-learning systems to user needs.

3.2.2. Model adaptation

Adapting Al models to diverse learning styles constitutes a major advancement in personalizing the
online educational experience. By relying on a detailed analysis of user interactions with educational content,
learning paths are dynamically adjusted to meet the specific needs of each learner. This personalization is
made possible through the implementation of advanced machine learning techniques, which allow Al models
to adapt in real time to user preferences and performance [35]. For example, by analyzing data related to
learners’ progress and their interactions with various educational resources, the models can recommend
learning activities that reinforce skills where needed, while taking into account the user’s preferred learning
style [36]. This approach not only ensures a more engaging and effective learning experience but also
promotes better knowledge retention by aligning content with the individual learning methods of
students [37]. Ultimately, the adaptation of Al models represents a central pillar of our research, providing a
solid framework for the development of truly adaptive e-learning solutions that improve learning outcomes
and the overall educational experience.

4. APPLICATION OF ADAPTIVE ARTIFICIAL INTELLIGENCE IN E-LEARNING
The adoption of adaptive Al in e-learning marks a decisive turning point in how learning paths
are designed and delivered, opening the door to an unprecedented personalization of the educational
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experience. By dynamically adjusting content, pace, and teaching methods to the unique needs of each
learner, adaptive Al radically transforms the traditional approach to teaching. Predictive algorithms deeply
analyze user interactions, performance, and preferences, thus enabling the provision of targeted
educational resources and optimizing learning activities for each individual [38]. This ability to
personalize learning extends to intelligent e-learning platforms such as Coursera and EdX, which use
adaptive Al to refine course recommendations and adjust learning paths based on continuous feedback on
user learning data, significantly improving educational effectiveness and learner engagement [39].
Moreover, the emergence of intelligent tutorials and virtual assistants enhances the interactivity and
responsiveness of learning environments, providing personalized and real-time support that adapts to each
student’s level of understanding [40]. Thus, the application of adaptive Al in e-learning not only illustrates
the evolution of educational technologies but also their potential to create more inclusive, engaging, and
effective learning experiences.

4.1. Smart e-learning platforms

Intelligent e-learning platforms, such as Coursera and EdX, along with DreamBox learning, Smart
sparrow, Knewton alta, assessment and learning in knowledge spaces (ALEKS), and Squirrel Al learning,
have quickly adapted to the integration of adaptive Al to offer a personalized and improved learning
experience. These systems leverage user generated data to refine their predictive models, enabling them to
recommend courses tailored to the interests and learning needs of each individual. Coursera, for example,
uses algorithms to analyze user interactions with the course, submitted evaluations, and feedback to propose
personalized learning paths that adapt not only to the user’s preferences but also to their skill level and
learning pace. Similarly, EdX dynamically adjusts course content based on student responses and
interactions, ensuring that the educational material is always relevant and engaging. On their part, DreamBox
learning and Smart sparrow offer rich and interactive learning environments that adjust in real time to
students’ responses and progress. Knewton alta and ALEKS stand out for their ability to create highly
personalized learning paths in mathematics and science, using data to identify gaps in student knowledge and
propose targeted activities. Finally, Squirrel Al learning, a pioneer of adaptive Al in China, uses
sophisticated algorithms to model students’ learning trajectories, providing personalized tutoring that adapts
content and pedagogical strategies to each student’s unique learning profile [41].

Table 1 display a range of adaptable Al learning platforms; each catered to distinct educational
needs and preferences. The platforms listed include a wide range of application areas, such as language
learning, professional skill development, higher education, and exam preparation. By using Al, they provide
individualized learning experiences that adjust to each student’s performance, preferences, and rate of
learning. Key characteristics of each platform are highlighted in the table, including application areas, Al
features and personalization capabilities, accessibility options (web and mobile), impact and results reported,
and platform type.

Table 1. Comparative table of adaptive Al learning platforms

Platform Application areas Personalization Accessibility Impact and results Type of
and Al platforms
Coursera Higher education, Al-based course Web and mobile Wide range of university Smart e-learning
professional skills ~ recommendations partnerships, certifications platforms
EdX Higher education, Al recommended Web and mobile MicroMasters,  professional ~ Smart e-learning
professional skills  courses certificates platforms
DreamBox Primary education  Real-time Web, conforms to  Improved math outcomes Intelligent
learning (Mathematics) adaptation to educational tutorials and
student responses  standards virtual assistants
Smart Various, higher Customizable Web Enables teachers to create Smart e-learning
sparrow education courses with Al adaptive learning experiences  platforms
Knewton Mathematics, Adaptive to each  Web Improves understanding and Intelligent
Alta chemistry, student knowledge retention tutorials and
economics virtual assistants
ALEKS Mathematics, Adaptive Web Notable  improvement in Intelligent
science, learning system student performance tutorials and
economics virtual assistants
Squirrel Al K-12, exam Intelligent Learning centers, Improved exam scores Intelligent
learning preparation tutoring,  deep online platform tutorials and
personalization virtual assistants
Duolingo Languages Adaptive to each ~ Web and mobile High  popularity, proven Smart e-learning
user effectiveness for language platforms
learning
Khan K-12, higher  Personalized Web and mobile Free educational resources, Smart e-learning
academy education learning paths broad impact platforms
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4.2. Intelligent tutorials and virtual assistants

Intelligent tutorials and virtual assistants, powered by adaptive Al technologies, are radically
transforming the field of e-learning by providing personalized support to learners. These innovations,
capable of instantly responding to inquiries and providing explanations tailored to the level of each
individual, represent a significant advancement towards creating an interactive and responsive learning
environment [42]. For example, Squirrel Al learning leverages virtual assistants to assess student responses
and provide customized feedback, facilitating fine-tuned personalization of educational material based on the
specific needs of each student2. Similarly, Duolingo uses chatbots to engage users in simulated dialogues for
language practice, adjusting the complexity of interactions based on the learner’s progress [43]. Khan
academy employs adaptive tutorials that adjust educational content in response to student performance,
offering additional exercises in areas where mastery is lacking [44]. ALEKS, with its Al algorithm-based
approach, develops customized learning paths in mathematics and science disciplines, identifying knowledge
deficits and suggesting targeted activities [45]. Coursera, incorporating Al features, refines course
recommendations by analyzing user preferences and past outcomes, thereby optimizing the relevance and
effectiveness of the educational experience [46]. These cases illustrate the effectiveness of integrating
adaptive Al into e-learning platforms to personalize teaching, making education not only more efficient but
also more engaging for a global audience.

5. RESULTS AND DISCUSSION

The introduction of adaptive Al into e-learning platforms has produced promising results, marking a
significant improvement in both student engagement and academic performance. The adaptation of learning
paths through Al has led to a notable increase in information retention and learner satisfaction. Recent studies
have shown that students engaged in learning environments enriched by adaptive Al demonstrate superior
academic progress compared to those following traditional paths, indicating an average improvement of 30%
in test results [47]. Moreover, the use of adaptive systems has allowed for the identification of unique learning
trends and individual challenges, offering valuable insights for refining pedagogical strategies. For instance, a
detailed analysis of learning data revealed that adapting content in real-time based on student responses can
dramatically increase engagement, underscoring the importance of personalizing the learning experience [48].
These findings not only highlight the effectiveness of adaptive Al-based approaches for personalizing
education but also their potential to significantly transform the online learning experience. Identifying
specific trends and challenges through the analysis of learning data plays a crucial role in the continuous
improvement of teaching methods, providing educators with the necessary tools to adapt their pedagogical
approach to better meet the needs of their students [49].

The implementation of adaptive Al in e-learning platforms highlights its transformative potential for
personalizing and enhancing the learning experience. Observed results confirm the effectiveness of adaptive
Al in boosting student engagement and improving academic performance, emphasizing its crucial role in the
evolution of online education. However, this integration faces challenges, including data privacy concerns
and algorithmic bias, necessitating careful attention to ensure the ethical application of these technologies in
educational settings [50]. Personalizing education through adaptive Al raises questions about data protection
and algorithm transparency, with Al systems needing design that upholds user privacy and minimizes
discrimination risks [7]. Additionally, algorithmic bias could affect learning pathways, impacting equity and
accessibility in online education. It’s imperative to adopt design strategies and regulatory frameworks that
address these challenges and promote responsible use of adaptive Al, ensuring inclusive and equitable
education for all learners [51].

6. CHALLENGES AND ETHICAL CONSIDERATIONS

The integration of adaptive Al into e-learning systems is not without significant challenges and
raises ethical questions. This section addresses these concerns, focusing on potential strategies to overcome
them. These challenges include technical issues and ethical considerations related to the implementation of
adaptive Al in e-learning systems.

6.1. Technical challenges

Incorporating adaptive Al into e-learning environments introduces significant technical challenges
that are essential to address to unleash its transformative potential. A major challenge lies in the accuracy and
precision of adaptive Al algorithms, which must effectively adapt to a wide range of learner profiles, each
with their own unique needs, preferences, and learning styles [52]. This not only requires sophisticated
algorithmic design but also the ability of these systems to learn and evolve based on user interactions.
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Another crucial technical challenge is real-time processing and analysis of massive data volumes
generated by learner interactions with e-learning systems. This includes everything from quiz responses to
forum discussions, which must be processed quickly to provide immediate, personalized feedback while
ensuring user data security and privacy [53]. This raises questions about the existing infrastructures’ capacity
to handle such data loads while maintaining the integrity and confidentiality of learners’ personal data.
Furthermore, integrating adaptive Al into e-learning platforms demands special attention to system
compatibility and interoperability. Platforms need to be designed to easily incorporate Al innovations while
remaining accessible and usable by all learners, regardless of their technological background [54].

6.2. Ethical considerations

The adoption of adaptive Al in e-learning environments raises significant ethical issues, primarily
focused on managing learners’ privacy and combating algorithmic biases. Addressing these ethical issues is
imperative to ensure a fair and equitable application of Al in education. Protecting learners’ privacy is a major
challenge, given the considerable amount of personal data processed by adaptive Al systems [55]. It is essential
to implement robust measures to secure this data and ensure that it is used transparently and with the explicit
consent of users [51]. This includes the implementation of clear privacy policies and ensuring that learners are
fully informed about how their information is used. Algorithmic bias represents another ethical concern, with
the risk that adaptive Al systems may perpetuate or exacerbate existing inequalities in education. To address
this, it is crucial to develop and apply design and evaluation methods that identify and correct potential biases in
Al algorithms, thereby ensuring that these technologies support a fair learning experience for all students [56].

7. FUTURE DIRECTIONS AND EMERGING TRENDS

The evolution of adaptive Al in the field of e-learning is promising, offering unprecedented
possibilities to transform education. This section explores emerging trends and technological innovations that
could shape the future of online learning. These include large-scale personalization, ethical and regulatory
challenges, and interdisciplinary collaboration.

7.1. Large-scale personalization

Continuous advancements in Al algorithms and data processing capabilities promise to revolutionize
e-learning through unprecedented large-scale personalization. This development is poised to enable the creation
of educational pathways entirely tailored to the goals, learning styles, and specific needs of each individual,
significantly enhancing the accessibility and effectiveness of education. The advent of these advanced adaptive
Al technologies means that e-learning systems will soon be able to provide a highly personalized educational
experience that takes into account not only learners’ preferences and performance but also their emotional and
cognitive contexts [57]. This entails a teaching approach where content, pace, and pedagogical methods are
adjusted in real-time to meet the unique needs of each student. Furthermore, large-scale learning data analysis
will provide valuable insights to identify educational trends, knowledge gaps, and opportunities for improving
content and pedagogical strategies. This, in turn, will facilitate the continuous development of instructional
materials that are not only relevant and engaging but also inclusive and accessible to a broader audience [58].

7.2. Ethical and regulatory challenges

As adaptive Al gains ground in online education, the associated ethical and regulatory challenges
become increasingly complex. Establishing international regulatory frameworks to manage data privacy,
security, and equity emerges as a top priority, requiring global cooperation among educational stakeholders
and regulatory authorities [59]. The confidentiality of learners’ data is at the heart of ethical concerns, with
the urgent need to protect sensitive information against abuse and potential leaks. International regulation
will need to adapt to provide robust protections in a world where digital boundaries are increasingly
blurred [60]. Similarly, the issue of algorithmic bias and its impact on educational equity requires rigorous
attention. Al systems must be designed and constantly evaluated to ensure they do not perpetuate existing
inequalities or introduce new forms of discrimination [30].

7.3. Interdisciplinary collaboration

The advent and evolution of adaptive Al in the field of e-learning depend not only on technological
advancements but also require close interdisciplinary collaboration among AI researchers, education
professionals, psychologists, and students. This holistic approach is crucial for developing solutions that meet
educational needs while being technologically advanced and ethically responsible. Al researchers bring
indispensable technical expertise for innovating and improving adaptive learning algorithms. However, for
these innovations to be truly effective in an educational context, the input of education professionals is
essential. They provide a deep understanding of pedagogical theories and teaching practices that can guide
the development and implementation of relevant and impactful adaptive Al technologies [61].
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Psychologists also play a key role by providing insights into human cognition, learning, and
behavior, which helps in designing Al systems that are not only intelligent but also sensitive to the
psychological and emotional aspects of learning. This perspective ensures that the technologies developed
effectively support learners in their cognitive and emotional diversity [62]. Finally, including students in the
development process allows for direct feedback on the user experience, ensuring that innovations meet their
real needs and genuinely enhance their learning experience. This user-centered approach promotes the
adoption and effectiveness of adaptive Al technologies in education [63].

8. CONCLUSION

Adaptive Al marks a significant shift in online learning by enhancing the personalization of
educational experiences and fostering dynamic, responsive, and inclusive environments. While it promises to
address individual learner needs and democratize access to education, its implementation faces major
technological challenges and critical ethical issues, particularly concerning data privacy and the risk of
perpetuating existing biases. To fully realize the potential of adaptive Al, a collaborative and methodical
approach is essential, involving educators, engineers, policymakers, and learners, grounded in principles of
equity, transparency, and respect for users' rights. The future of e-learning thus relies on a global
commitment to responsible innovation, informed by a deep understanding of diverse learner needs and the
development of educational technologies that are both advanced and ethically sound, ultimately providing
more accessible, engaging, and effective education for all.
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