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Abstract 
Today, as a result of the explosion and rapid growth in ICTs, there are increasing demands to adopt 
technology in education. The aim is to influence students to learn actively and motivate them to gain an 
effective learning process. Consequently, professors face challenges when dealing with digital natives 
[1]. In this environment, Augmented Reality (AR) attracts research attention for its ability to allow 
students to be immersed in realistic experiences. Moreover, it demonstrates potential in providing 
students with more active, effective and meaningful learning processes ([2]; [3]). AR provides the learner 
easy access to unobservable phenomena that have been identified by teachers and previous research 
as troublesome for students [1]. However, despite several advantages discussed in past studies, AR 
has barriers to overcome such as overload of information, resistance from teachers, and usability ([2]; 
[4]). The present review attempts to depict the pros and cons of AR in education environments. 
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1 INTRODUCTION 
Today, as a result of the explosion and rapid growth in ICTs, there are increasing demands to adopt 
technology in education. The aim is to influence students to learn actively and motivate them to gain an 
effective learning process. Consequently, professors face challenges when dealing with digital natives 
[1]. In this environment, Augmented Reality (AR) attracts research attention for its ability to allow 
students to be immersed in realistic experiences. AR is an interactive experience of a real-world 
environment whose elements are "augmented" by computer-generated perceptual information [5]. AR 
provides natural feedback to the user with simulated cues, being a form of virtual reality in which the 
participant’s head-mounted display is transparent, consenting a clear view of the real world [6]. 

The main advantage of augmented reality is that it brings components of the digital world into a person's 
perception of the real world and does so not as a simple display of information, but through the 
integration of immersive sensations that are perceived as natural parts of an environment. New 
possibilities for teaching and learning provided by AR have been increasingly recognized by educational 
researchers, as well as by people interested in searching for effective ways to educate firms’ employees 
on a wide variety of topics. Through AR solutions, learners can be involved in phenomena that is not 
possible in the real world, visualize complex spatial relationships and abstract concepts, interact with 
two-and three-dimensional objects in such mixed reality, and develop important practices and literacies 
that cannot be developed and enacted in other technology-enhanced learning environments. More in 
detail, scholars emphasized that AR could enable ubiquitous, collaborative and situated learning, 
learners’ senses of presence, immediacy, and immersion, visualizing the invisible, learning content in 
3D perspectives, and bridging formal and informal learning. AR provides the learner easy access to 
unobservable phenomena that have been identified by teachers and previous research as troublesome 
for students [1]. However, despite several advantages discussed in past studies, AR has barriers to 
overcome such as overload of information, resistance from teachers, and usability ([2]; [4]). The present 
review attempts to depict the pros and cons of AR in education environments. 

2 AUGMENTED REALITY OPPORTUNITIES 
AR technology is gaining popularity (e.g., [2]; [7]). AR systems allow real and virtual objects to coexist 
in the same space and be interacted with in real time [8]. Combining virtual data with real-world data 
allow users to access to rich and meaningful multimedia contents that are contextually relevant through 
a virtual overlay. Virtual objects used in AR systems are text, still images, video clips, sounds, 3D models 
and animations, which will be perceived as coexisting within a real-world environment. The basic 
hardware requirements of an Augmented Reality system include [8]: a video camera, significant storage 
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space for virtual objects, a powerful processor and an interface, like mobile phones, that allows the user 
to interact with both real and virtual objects. In addition, also GPS technologies, image recognition 
software, speakers and sound systems, internet access, and intuitive interfaces are considered 
fundamental for the effectiveness of AR programs.  

Since the early 1990s, the use of Augmented Reality systems has been investigated in a wide range of 
industries ([8]; [9]; [10]; [11]; [12]). AR can provide support for difficult tasks by overlaying media 
elements into the users’ real-world contexts, such as driver training, complex surgery and mechanical 
issues on a space station. Improvements in mobile computing power and functionality have led to larger 
possibilities for the development and the implementation of mobile AR systems. As a consequence, AR 
is now available to consumers rather than solely residing in the domain of high-end laboratory research 
and industry [2].  

3 PROS OF AUGMENTED REALITY IN EDUCATION 
Several scholars have identified AR as having immense potential to enhance learning and teaching 
(e.g., [2]; [3]; [13]). First, the most prominent contributions of AR are “enhancing enjoyment” and “raising 
the level of engagement”. Utilizing mobile AR guidance, students can be more engaged and perform 
better. Augmented Reality has been used to develop students’ understanding of science, including 
environmental science, microbiology, and biomedical science (for example, AR has been used to enable 
students to study the virtual life cycle of a variety of butterflies). AR has been applied to enhance 
motivation and sense of authenticity in medical science and could be used in the humanities, for instance 
through provision of a more engaging literary experience and through the development of visual poetry. 
Therefore, when considering the learner outcomes, the advantages of AR are ascribable to learning 
achievement, motivation, and attitude. Students adopt a positive attitude toward AR-enhanced learning 
activities, appearing happy and playful as they “learned through play” [14]. Furthermore, AR technology 
provides immediate and relevant information, as well as guidance to the students, which may increase 
their learning motivation-without forcing them to search for relevant information regarding learning 
contents on their own. Videos and 3D images (AR contents) provided in form of well-integrated and 
organized relevant materials, can help students to better understand learning contents. Students also 
perceive AR methods as more satisfying than classroom lessons. In this process, a crucial role is played 
by mobile devices, as the AR approach can improve students' learning performance [15] through the 
spatial and continuity principles established by the multimedia learning theory.  

Although academics agree that there is an ongoing need to investigate the pedagogical practices that 
are most suited to a curriculum influenced by AR, the literature stressed that AR can support and 
enhance a variety of pedagogical approaches [7]. The main ones are: 

• Situated learning: reliable and contextualized learning is enabled by embedding educational 
experiences within the real-world environment and by bringing the real world into the classroom; 

• Game-based learning: used to facilitate immersive games-based learning by creating a digital 
narrative, assigning a role to students, providing authentic resources and embedding contextually 
relevant information. This can often make skills transfer to real-life applications simpler and easier. 

Finally, AR pros are also ascribable to learners' interactions, as it promotes more interaction among 
students. In addition, it facilitates “learning by doing” by promoting more interaction between students 
and the learning material [13].  

4 CONS (AND CHALLENGES) OF AUGMENTED REALITY IN EDUCATION  
Tough AR provides several advantages in educational settings, some cons and challenges were 
reported by scholars, ascribable to usability, pedagogical and learning issues (e.g., [2]; [15]).  

In term of usability, AR is sometimes considered difficult to use: for example, without well-designed 
interfaces—needed to guide students’ in interpreting the clues in the devices and the real-world 
environment—students may experience difficulties in recognizing the information flow from one device 
to another and navigating between fantasy and reality. In addition, being a novel technology that involves 
multiple senses, AR becomes sometimes a very complex tool for those who do not have technological 
abilities like children. This may cause time loss for students, and may require excessive additional 
lecture time, issues that affect educational effectiveness. Moreover, another issue relates to the 
inflexibility of the content in AR systems. In this situation, teachers cannot make changes to 
accommodate students’ needs or to accomplish instructional objectives. 
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Also pedagogical issues must be highlighted when AR systems are implemented in education 
environments (e.g., [2]; [3]; [16]). First, in the design of learning activities grounded on AR technologies, 
how should the information be disseminated and streamed between two realities and among different 
devices? This need to balance competing drives for uniqueness with distribution and decentralized 
information flows with supervised educational activities may be tensions central to the platform. To 
resolve these tensions, learning theories such as situated learning and distributed cognition could 
provide useful design guidelines for educators and designers.  

Second, implementing AR in classrooms could be difficult for resistances among teachers and schools. 
The innovative learning approaches required when adopting AR systems, such as participatory 
simulations and studio- based pedagogy, are quite different from the common delivery-based and 
teacher-centered method. In addition, the need to cover a given amount of contents within a given time 
frame also raise difficulties in implementing innovative instructional activities. Teachers are often not 
well trained to deal with the technical issues that can arise when AR fails to function as intended, but it 
is decisive that educators acquired such skills to avoid situations where AR learning design are 
undertaken by ICT professionals with limited understanding of effective pedagogy. Furthermore, 
teachers need to believe that AR implementation can be beneficial in enhancing pedagogy and 
understand which teaching and learning strategies should be adopted.  

As for learning issues, cognitive overload and confusion should be considered. In an AR learning 
environment, this can be related to the amount of material and complexity of tasks that challenge 
learners and their learning processes. The large amount of information they encounter, the multiple 
technological devices they are required to use, and the complex tasks they have to accomplish impose 
students to be multitasking. Moreover, the lack of essential skills such as collaboration, technology 
manipulation and spatial navigation, required in AR environments, may be challenging for students. 
Finally, by blending reality and fantasy, AR could cause students confusion, thus being not productive 
for learning and resulting (in the worst cases) in a threat to students’ physical safety.  

5 CONCLUSIONS 
The aim of this review was to highlight the pros and the cons of AR technologies in education. Several 
features of AR may improve students' learning performance, as demonstrated by numerous studies 
conducted on the topic.  

However, also a number of problems and challenges emerged, contributing to explain why AR 
technologies are still not widely adopted in learning and educational environments. Their understanding, 
together with research aimed at overcoming some of them, would be helpful for educators and students 
interested in implementing this technology. It seems clear, however, that governmental institutions, 
industry and educational institutions should increase their investments in projects focused on the 
development of AR technologies for expanding the benefits of this technology.  

We observed that the special needs of students in AR learning environments are poorly addressed in 
the literature, thus this aspect could represent one potential field for future research. 
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