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Abstract 

 

Technology-assisted learning getting more and more critical in delivering up to the date learning environment. Augmented Reality 

known for its infinite possibilities and areas of use is gaining more and more popularity and a wide range of research, articles, and 

books are published outlining technology’s use in different domains including healthcare, advertisement, mechanical assembling 

etc. Last decade seen the most attention of researchers towards the use of the technology as the technology become available to be 

used on portable and mobile devices, broadening the possible implementation of the technology. Within this period of time, 

numerous research regarding the use of technology in learning, teaching, and training environments were published. With this 

review article, we aim to highlight the potential of the novel Augmented Reality technology’s current implementations in the 

learning process. Particularly, we discuss the impact of the technology is such complex subjects as Physics, Biology, and Anatomy.       

Keywords: Augmented Reality, AR in Biology, AR in Anatomy, AR in Physics 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Throughout a lifetime, the acquisition of different forms of information and knowledge by individuals normally occurs through a 

variety of media available. Multimedia is a broad term for combining multiple media formats and it is described as combination 

of text, graphic, animation, audio, and video formats which directly or indirectly help improving information acquisition process 

through sight and hearing [1]. On the other hand, Singh describes multimedia as the uses of computer technology that creates, 

stores and helps to experience multimedia content [2]. Multimedia applications play a crucial role in education which range from 

preschool education to postgraduate students and corporate training packages. The rapid innovation and development in the filed 

of information and communication technology emerging multimedia applications to move from a single PC environment to either 

a multi-user environment or to a personalized user environment bringing positive changes in educational sector. 

With the beginning of 21st century, we got a lot of technologies and approaches that could have significant impact on education. 

One of them is Augmented Reality (AR) multimedia technology[3]. 

Augmented Reality is classified as a variation of Virtual Reality (VR) technology. Virtual Reality is described as the use of 

computer technology to create a simulated 3D environment in which the user is completely immersed into synthetic environment. 

Instead of viewing a screen in front of them, VR uses a dedicated headset, powered by a computer, game console or smartphone 

that simulates as many senses as possible, including vision, hearing, touch, even smell for building enhanced immersive experience 

[4]. 

In contrast, Augmented reality (AR) described as a live, direct or indirect view of a physical, real-world environment whose 

elements are augmented and supplemented by computer generated sensory date such as sound, video, graphics or GPS data [5]. 

VR and AR communities and their development are so interlinked, that in some instances it is also impossible to separate them. 

They also tend to concentrate in the same business and research worlds hence creating overlapping ecosystems. VR is used within 

a wide array of areas, ranging from the gaming industry and entertainment, to training and simulation, including training in the 

medical, battlefield fields. Other areas of application include education and culture, sports, live broadcasting, real estate, 

advertising, architecture and arts(). More areas of application are still to come. AR has an almost limitless range of uses in a wide 

variety of areas, be it commerce, technical applications, work processes or education[6]. 

One of the most promising aspects of technology of Augmented Reality is that it can be used as a multimedia application for 

visual and highly interactive forms of learning, allowing the overlay the data onto the real world. The best description of the 

potential of the AR in educational settings is proposed by [7] as a multimedia technology that enables the incorporation of missing 

information in real life by adding virtual and interactive 2D and 3D objects into a real-world environments. First implementation 

and assessment of AR technology’s ability in teaching and training domain was conducted by a Boeing researcher Tom Caudell 

and David Mizell in 1990. The initiative was replacing large plywood boards, containing individually designed wiring instructions 
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for each plane, with a head-mounted apparatus that powered with a high-tech eyeware illustrating display to unveil instructions of 

all plains onto the reusable display [8]. 

Horizon 2012 Report names the AR technology as an active rather a passive technology for the learners that can be used to 

construct new understanding based on interactions with virtual objects that bring underlying data to life as it responds to user input. 

According to the 2011 Horizon Report AR should be adopted in the next 2-3 years to provide new opportunities for teaching, 

learning, research, or creative inquiry[9, 10]. 

II. REVIEW METODOLOGY  

For this article, as a literature source was selected the IEEE’s Xplore Digital Library database, a highly recognized database for 

scholarly high-ranked journals and conference proceedings. To establish a quality and contemporaneous content the document 

type was limited to full regular conference papers and journal articles with more consistent quality. The time period was set the 

last decades, namely from 2008-2018 where a considerable amount of literature has been published in AR’s application in 

educational contexts for a wide variety of learning domains. 

“Augmented Reality” was applied as a main keyword in the search engine with supplementary keywords as “Education”, 

“Natural Science”, “Learning” to name the least. 

A large and a growing number of research in the AR field has reviled factors such as uses, purposes, advantages, limitations, 

effectiveness, and affordability of AR technology being applied in different learning domains. We analyzed and classified subject 

domains, type of AR, the selected research methodologies utilized(qualitative, quantitative, system design and review paper) and 

the potential effectiveness of AR in educational settings in the 15 papers in this study. The aim of this literature review based 

research is to present the current state of interest of AR implementations in different educational domains and the status of 

researches in AR supported education. 

All 13 articles included in this review based research analyze the possible implementation of AR emerging technologies 

implementations in different subjects. These subjects are important for education and actual society's sustainable development and 

the key branch in the Science field, the Natural Science studies. As the main discipline subject analyzed in this review work include 

studies as Physics, Chemistry, and Biology. 6 amount of conducted research out of 15 were dedicated on work analyzing AR 

implementations in Physics studies, another 3 carried out research in regards the potential use of the technology in different aspects 

of Biology studies, where 4 publications have aimed to revile the AR technology compatibility in Anatomy related subjects.  

III. PHYSICS 

Physics is extremely hierarchical subject in sense that it builds new knowledge previously learnt concepts. Study Physics subject 

demands high cognitive and advanced spatial skills from the learner to absorb the presented course. Electromagnetism and 

electrical engineering were the most popular subjects analyzed by authors of 3 publications. An AR pilot test platform designed 

by [11] supports the lessons of 3rd year Electromagnetic Study students with the stress of Space Communications. This test project 

with 4 scenarios aims to develop an understanding of wave propagation, polarisation, reflection and transmission at normal and 

oblique incidence. 

In order to introduce new approach to teach concepts of magnetism researchers of [12] developed 3 Augmented Reality books 

based on Level 2 NCEA Physics material taught in New Zealand secondary schools. The main concentration of this research is 

also the use of Augmented Reality technology to introduce a complex and not visible for naked eye, electromagnetic concept of 

Physics subject namely magnetic force of magnets, electromagnetical currents through introduction of right hand grip rule, and the 

magnetic field resulted by current-carrying wire using Right Hand Slap convention is introduced. Researchers find it important for 

beginner learners of electromagnetics, to give an illustration of real-time visualization of magnetic field to be observed as realistic 

magnetic distribution on visualized field that supports advancing spatial skills of learners. 

The main features of Augmented Reality technology based system proposed by [13] is the ability to visualize the computed 

magnetic field on the real objects based on their relative position, scale and magnetic features from magnet. 

Similar analyzes are provided by [14] and [15], where the main topics are introducing the existing physical phenomenal unable 

for naked eye to grasp and demanding advanced cognitive understanding to grasp, electromagnetic studies of Physics. In the 

concept introduced by [16], the user can animate hand drawn scratches using Augmented Reality technology that runs on physical 

simulation engine. The user may use the camera to manipulate models, position, scale, and rotate them, as well as modify the 

model sketch to apply structural changes on the 3D model. In addition, physical properties can be assigned and modified that helps 

user to understand the essence of the subject of Mechanical Physics. 

IV. BIOLOGY 

Biology involves the study of life and it is very important as it tells us about the natural world. Biology helps us to understand the 

bodies of other animals, their interaction and coexistence in the same world. It gives us up to date knowledge about the plants, 

introduces their habitants and how they benefit the human and animal life on our planet. 

Biology considers to be one of the subjects that requires students to have hands on experience with the exhibits in laboratorial 

environment that is with special equipped with such tools as microscope slides, test tubes, scalpels etc. to ensure the required 
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information delivery. Many schools and districts do not have enough funding to support with such environment for students to 

learn the subject. To ease the financial burden on local governance of providing expensive tools to schools, the authors of [17] 

suggest applying the AR technology to establish a virtual biological laboratory App to be provided for college freshmen to carry 

out biological experiments as a curriculum preview and experiencing. This virtual biological laboratory App aims to provide 

students with virtual tool and content as virtual microscope, biological anatomy concept, cell division process, and frog’s bones as 

the experiment examines the frog as an exhibit for the virtual biological laboratory. This idea helps students to strengthen the basic 

knowledge as the application allow user experience the exhibit anytime and anywhere. 

Researchers [18] have developed an augmented reality (AR) system that lets virtual 3D representations of molecular structures 

and properties be overlaid on auto-fabricated models of the molecules. The experiment shows that AR computer visualization 

provide several advantages t understand the tangible molecular models. This method helps to produce a multisensory engagement 

that includes visual, tactile, and proprioceptive perceptual pathways for learning and memory. Molecular models of this project 

also provide the capability of physical features such as shape, flexibility, and bonding capacity being manipulated by the user for 

a better molecular characteristic introduction that enhances contextual observation. 

Contribution of the research published by [19] concludes in presenting extinctive sorts of dicotyledonous plants by using 

flashcards as a marker for the smart devise that presents AR 3D model of the plants using Augment platform. This research revels 

students having positive attitude of for the use of the AR technology in biology classroom and biology-related field trips that 

expands and enriches their visual understanding of the plant. 

V. ANATOMY  

Human anatomy is the study of the structures of the human body. An understanding of anatomy is key to the practice of health and 

medicine as it explains all changes happening in human body. Learning anatomy is tough because unlike any other subject, students 

cannot pass to next chapter if they do not have clear and brilliant understanding of the previous one. If so, the subject will become 

a tough to learn and the gained knowledge would not help the learner pursue a career goals. 

To facilitate students learning and visual knowledge acquisition process, [20] presents “miracle”, an augmented reality magic 

mirror for teaching anatomy, project. The system uses a depth camera to track the pose of a user standing in front of a large display. 

A volume visualization of a CT (computed tomography) data set is augmented onto the user, creating the illusion that the user can 

look into his body. Th system also provides realistically modeled 3D models of organs, text information and images about anatomy 

focusing on better visual learning. 

As the creation of various simulating platform for medical students is sought as the most practical methodology implemented in 

medical subject studies. Studying Ultrasound (US) is a medical imaging modality which is extremely difficult to learn as it is user-

dependent. For training US author propose an Augmented Reality (AR) ultrasound simulator that uses head-mounted display 

(HMD) where the US slice is simulated from a CT volume [21]. The location of the US slice inside the body is visualized using 

contextual in-situ techniques. Authors of the research believe that especially the in-situ comparison of the own performance to the 

performance of an expert can help a student to get a better understanding of how to correctly use US. 

Another research regarding the AR implementation in anatomy class is initiated by [22], the proposal is to create an AR portable 

application, monitored by the instructor that creates a unique communication platform where students can communicate helping 

each other learn the subject in depth. The AR component is distributed as that learners can scan bar-codes placed on the torso of a 

mannequin(model) to show the exact location of the organs and their interaction with one another. Text, narrator, and 3D animation 

is provided to deepen and accelerate the learning process. Similar research conducted by [23] illustrates the bones and bone 

construction of human body. 

VI. CONCLUSION 

Augmented Reality, is comparatively new and growing technology with a huge potential to be implemented in such critical for 

society’s well-being aspects as manufacturing, navigation, military and education. AR has already started transformation of 

traditional understanding of educational technologies and is rapidly evolving from specialized laboratory use to a real life learning 

environments. Within this study we outlined the Current implementations of the technology in educational domain which enabled 

us to understand the potentiality and acceptance of exploratory AR learning technology. In the learning process, AR learning 

technology do significantly enhance students' academic performances. 
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