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Abstract: 

Augmented Reality (AR) in education is substantially changing the way we learn and engage 

with educational content. This article illustrates the pedagogical advantages of AR, especially 

with regards to increasing engagement, motivation and retention of the information. Using a 

literature review and a critical review of existing applications, we investigate how AR enriches 

educational environments. Finally, potentials for the joint integration of AR and artificial 

intelligence (AI) are discussed, as a potential way of achieving more contextually adaptive and 

therefore genuinely personalized learning. 
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1. Introduction 

The integration of immersive technologies, and in particular Augmented Reality (AR), is 

transforming the educational landscape by offering learning spaces that are intrinsically more 

interactive, motivating and rooted in concrete contexts [1]. By superimposing digital elements 

such as text, images, 3D objects and animations onto the real world, AR facilitates 

understanding of abstract concepts and stimulates learner engagement [2]. A large body of 

research highlights the benefits of AR on cognitive engagement, knowledge retention and 

experiential learning, particularly in a variety of fields such as science, languages, vocational 

training and inclusive education [3, 4]. 

However, despite these promising advantages, current applications of AR in the 

educational context present a significant limitation in terms of personalizing learning [5]. 

Adaptability to learners' profiles, individual rhythms, cognitive styles or specific needs is often 

overlooked in the design of existing devices [6]. This shortcoming raises fundamental questions 

about the sustainable and equitable effectiveness of AR as a pedagogical tool, particularly at a 

time when the individualization of learning paths has become a central issue in educational 

innovation [7]. 

 In this perspective, this article explores the undeniable pedagogical contributions of 

AR, while highlighting its current limitations in terms of personalization. Through a critical 

review of existing literature and an in-depth analysis of concrete applications, we will identify 

the opportunities offered by the joint integration of AR and Artificial Intelligence (AI) [8]. This 

reflection will enable us to propose an original contribution in favor of a more adaptive AR, 

capable of responding precisely to the specific needs of learners and supporting learning 

environments that are truly learner-centered [9]. 

Issue: 

Despite the significant advances in augmented reality in the field of education, a central 

question remains : how to design AR learning environments capable of finely adapting to 

learners' needs, preferences and cognitive profiles?  

Indeed, the majority of existing solutions adopt a uniform approach, offering little or no 

flexibility in learning paths. This lack of personalization can limit the pedagogical impact of 
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AR, particularly for learners with specific needs or atypical learning styles. It therefore becomes 

imperative to rethink the design of AR educational applications by incorporating adaptation 

mechanisms, potentially supported by artificial intelligence. 

Objectives of the article: 

The general aim of this article is to examine the pedagogical contributions of augmented reality 

in education, while highlighting its current limitations in terms of personalization. More 

specifically, this article aims to: 

1. Identify and analyze the benefits of AR on engagement, conceptual understanding 

and knowledge retention in various educational contexts. 

2. Critically analyze existing applications of AR in education in terms of personalizing 

learning. 

3. Propose a future contribution aimed at designing more personalized AR learning 

environments, notably through the contribution of artificial intelligence. 

2. Literature review 

2.1. Augmented reality and learning 

Augmented reality (AR) can be defined as a technology that superimposes virtual objects 

(augmented components) onto the real world. These virtual objects then appear to coexist in the 

same space as real-world objects [10]. Today, AR is a popular technology, widely used in 

educational settings. As such, it has also become an important area of research in recent years. 

One of the main reasons it is so widely used is that it no longer requires expensive hardware or 

sophisticated equipment, such as video headsets (HMDs). The technology can now be used on 

computers or mobile devices. It is therefore less complex to use than before. Today, it is used 

at all levels of education, from kindergarten to high school [11, 12], right through to university 

[13]. 

2.2 Pedagogical benefits of Augmented Reality: 

Augmented reality (AR) offers several benefits: 

 Enhanced learner engagement and motivation 

It has been proven that engagement is a key factor in learner success. Augmented reality helps 

to meet this challenge, by capturing their attention through immersive and stimulating 
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experiences. A study by Bacca et al [14] showed that, in the sciences, learners using augmented 

reality (AR) applications seemed much more invested in the concepts covered. In the same vein, 

Moro et al [15] point out that AR plays a positive role in motivation, making complex concepts 

more accessible through interactive and often playful visualization. 

 Improved knowledge retention  

Thanks to its experiential learning approach, augmented reality promotes better memorization 

of information, as it enables more concrete immersion in the concepts being studied. According 

to Wu et al [16], learners using AR showed significantly higher retention of information 

compared to those undergoing traditional learning. This is due to the possibility of interacting 

directly with concepts, which helps to solidify knowledge. In addition, AR exposes learners to 

simulated contexts, encouraging connections between new information and real-life 

experiences. 

 Cognitive and emotional benefits of immersive learning 

Augmented reality (AR) offers cognitive benefits that go beyond simple memorization. It 

enhances cognitive abilities such as problem solving, creativity and critical thinking, as 

illustrated by complex simulations in vocational training stimulating analytical thinking and 

rapid decision-making [17]. Furthermore, AR can reduce stress and anxiety, particularly in 

simulated stressful contexts such as healthcare training or public speaking, improving 

participants' confidence [18]. Finally, the playful, immersive aspect of AR generates significant 

emotional motivation, fostering deeper engagement and emotional satisfaction in learning. 

The pedagogical benefits of AR in education are undeniable. It stimulates engagement, 

knowledge retention, and enhances learners' cognitive and emotional abilities [19].  

Our future research should focus on the effective integration of AR with other 

technologies, such as artificial intelligence, to offer adaptive and personalized learning. 

2.3 Personalization at the heart of educational AR applications: 

To be truly effective in education, augmented reality (AR) applications need to adapt to the 

varied needs of learners. One of AR's main strengths lies in its ability to offer immersive, 

interactive experiences, but this is not enough if these experiences are not tailored to the specific 

profile, preferences and needs of each learner.  

As Akçayır, M. & Akçayır, G. point out, AR not only fosters motivation and 

comprehension, it can also cater for varied cognitive styles when content is dynamically 
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adjusted [19]. For example, an AR educational application can offer visualizations that are more 

detailed to a visual learner, or slow down the pace for a learner needing more time. The 

integration of adaptive algorithms in these environments makes it possible to go beyond simple 

3D displays, creating personalized learning trajectories in real time [20]. In this sense, AR can 

support large-scale differentiated pedagogy, taking into account behavioral data collected 

during interactions with the system. According to Bacca et al., the key lies in the development 

of intelligent systems capable of detecting the learner's needs and responding to them with 

relevance [21]. 

Thus, personalization at the heart of AR applications is not simply a functional addition, 

but a prerequisite for their pedagogical effectiveness. 

2.4 Artificial intelligence and the personalization of learning 

Artificial intelligence (AI) is profoundly transforming pedagogical practices, enabling fine-

tuned, dynamic personalization of learning. Unlike traditional approaches, where content is 

generally static and uniform, AI-based systems have the ability to adjust learning resources, 

activities and even assessment modalities in real time, according to learners' specific needs, 

performance and preferences [22]. 

Among the most promising tools are Intelligent Tutoring Systems (ITS), which use 

cognitive and behavioral models to simulate individualized human teaching. They rely on 

machine learning algorithms capable of detecting conceptual gaps, predicting future errors and 

proposing targeted corrective content [23]. 

Another fast-growing field is that of intelligent pedagogical agents, which provide 

socio-affective support in addition to cognitive support. These agents, often embodied as 

avatars or chabots, create engaging interactions that boost learner motivation and perseverance, 

particularly in immersive environments such as augmented or virtual reality [24]. 

AI also plays a crucial role in learning analytics and predictive analysis, processing the 

digital traces left by learners to identify learning profiles, anticipate dropouts, or recommend 

relevant resources [25]. These analyses enable tailor-made learning paths to be built, integrating 

individual preferences, cognitive styles, and contextual data such as attention span or frequency 

of interaction.  
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3. Critical review of existing educational applications in AR 

Case selection methodology: 

 Pedagogical relevance: Applications should have clearly defined educational 

objectives and be used in formal or informal learning contexts. 

 Accessibility: Applications must be easily accessible to teachers and learners, both 

technically (compatibility with current devices) and financially (affordable or free). 

 Adaptability: Applications must be flexible enough to be integrated into various 

educational contexts and adapted to the specific needs of learners. 

 Context of use: Applications should be used in a variety of educational environments, 

such as primary, secondary or higher education. 

Table 1. Analysis of a few augmented reality applications based on educational use and personalization limitations. 

Application Reference Main function Educational

objective 

 
Content  feedback 

Progress 

monitoring

Personalization 

 limits 

Anatomy 

4D 

Anatomy 

4D, 

Octagon 

Studio 

3D visualization

of the human 

body 

 Learning 

anatomy and

biology 

Predefined 

 content ,no 

adaptation to 

individual needs 

Generic visual 

feedback 
No Progress

tracking 

Lack of  content 

 adaptation and 

personalized 

feedback 

Star Walk 2

Star Walk 

 2, Vito 

Technoloy

Real time star 

identification 
 

Learning 

astronomy 

Predefined 

content (celestial

maps), no 

adaptation to 

Generic visual 
 

feedback 

(information 

about the stars) 

No Progress

tracking 

Lack of  content 

 adaptation and 

personalized 

feedback 

Arloon 

Anatomy 

Arloon 

Anatomy, 

Arloon 

3D visualization 

of the human 

body 
Learning 

biology 

levels  

Predefined 

content ,no 

adaptation to 

individual needs 

Generic Visual 

feedback 

No Progress

tracking 

Lack of  content 

 adaptation and 

personalized 

feedback 

Merge Cube

Merge 

Cube, 
 

Merge 

EDU 

Interactive 3D 

objects(science, 

math,geography)

Exploration of 

complex 

 concepts 

Customization 

dependent on 

compatible 

applications (may

be limited) 

Generic Visual 

feedback 

(interactions 
 

with 3D objects

No Progress

tracking 

) 

Dependence on 

 compatible app 

,lack of advanced 

customization 

Quiver 

Quiver, 

QuiverVis

on 

AR coloring with
i

animation 

Stimulating 
 

creativity, fun 

learning 

Customization 

limited to the 

colors of coloring

Simple visual 

feedback 

(drawing 
 

animation) 

No Progress

tracking 

Lack of  content 

 adaptation and 

personalized 

feedback 

4. Discussion 

The above analysis reveals a paradox: although augmented reality promotes engagement, 

interaction and visualization, it often remains stuck in a uniform pedagogical logic, with no real 

consideration for inter-individual differences. Learning paths are mostly linear, feedback is 

standardized, and adaptation to learners' cognitive styles or rhythms is almost non-existent [19]. 

https://www.google.com/search?q=https://octagonstudio.com/anatomy-4d/
https://www.google.com/search?q=https://octagonstudio.com/anatomy-4d/
https://www.google.com/search?q=https://octagonstudio.com/anatomy-4d/
https://www.google.com/search?q=https://octagonstudio.com/anatomy-4d/
https://www.google.com/search?q=https://vitotechnology.com/star-walk-2.html
https://www.google.com/search?q=https://vitotechnology.com/star-walk-2.html
https://www.google.com/search?q=https://vitotechnology.com/star-walk-2.html
https://www.google.com/search?q=https://www.arloon.com/apps/anatomy/
https://www.google.com/search?q=https://www.arloon.com/apps/anatomy/
https://www.google.com/search?q=https://www.arloon.com/apps/anatomy/
https://mergeedu.com/cube
https://mergeedu.com/cube
https://mergeedu.com/cube
https://mergeedu.com/cube
https://quivervision.com/
https://quivervision.com/
https://quivervision.com/
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Faced with these limitations, it seems essential to propose an approach that combines 

augmented reality with artificial intelligence to create truly personalized and dynamic learning 

environments [26]. Simply superimposing visual elements on the real world is no longer enough 

to meet the varied needs of learners. 

5. Future Work 

In their future work, the authors propose an innovative approach aimed at combining augmented 

reality (AR) and artificial intelligence (AI) to develop truly personalized learning environments. 

While AR offers immersive and interactive experiences, and AI allows learning paths to be 

tailored to individual needs, their work will focus on creating intelligent systems capable of 

dynamically adapting to each learner's profile. 

 This approach aims to overcome the current limitations of educational tools in terms 

of personalization and interactivity. The integration of AI will enable the analysis of learning 

behaviors in real time, while AR will add visual and interactive elements to strengthen 

conceptual understanding. Furthermore, the authors will explore the technical and pedagogical 

challenges associated with implementing this synergy, particularly with regard to accessibility, 

teacher training, and integration with existing educational platforms. 

 This work is expected to contribute to the evolution of digital learning environments, 

providing a more flexible and contextually tailored approach to learners' needs, while 

maximizing engagement and knowledge retention. 

6. Conclusion: 

The integration of augmented reality (AR) in education has undeniably transformed teaching 

practices, offering immersive and interactive experiences that boost learner engagement and 

motivation. However, despite its many advantages, personalizing learning paths remains a 

major challenge. While AR applications have shown promising results in terms of visualization 

and interactivity, they often lack the flexibility to adapt to the specific needs of each learner. 

 Artificial intelligence (AI) provides a potential solution to this challenge by enabling 

fine-grained and dynamic personalization of educational paths. By combining AR and AI, it 

becomes possible to create even more adaptive and responsive learning environments, capable 

of adjusting in real time to learners' actions, behaviors, and cognitive needs. 

 This synergy between AR and AI represents a significant step forward in the creation 

of intelligent learning systems capable of delivering a personalized educational experience. 

However, like any innovation, this approach presents challenges, particularly in terms of 
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accessibility, cost, and teacher training. It is therefore crucial to continue exploring and refining 

these technologies so that they can be fully integrated into existing educational systems. 

 In their future work, the authors will propose a conceptual model for combining AR 

and AI to address these challenges. This model will emphasize the importance of an adaptive 

approach, leveraging the potential of each technology to maximize engagement, knowledge 

retention, and educational effectiveness. 

 In conclusion, the combination of AR and AI opens up new and exciting possibilities 

for the education of the future. The seamless integration of these technologies could well 

redefine teaching and learning methods, offering more inclusive, interactive, and personalized 

educational experiences, adapted to the diverse profiles of 21st-century learners. 
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