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Abstract. Virtual Reality (VR) and Augmented Reality (AR) are transforming 

education by revolutionizing content delivery and management across various 

education disciplines. This systematic review paper enlightens the recent surge in 

VR/AR adoption, driven by advancements in immersive technology, and its 

impact on multiple educational levels. Nevertheless, VR/AR technology has 

diverse applied areas, this paper primarily focuses on the utility of VR/AR-based 

applications in engineering, medical, and natural sciences education. In 

engineering education, AR facilitates the comprehension of complex concepts, 

while VR platforms provide immersive learning environments for manufacturing 

processes. Likewise, VR simulations have emerged in medical education, 

offering realistic practice scenarios for medical students. AR in natural sciences 

helps in visualizing abstract concepts and supports interactive learning. 

Therefore, in this review article, the main goal is to comprehend the recent 

advancements in the applied areas of VR/AR technology particularly within 

STEM fields. This review provides essential insights for educators, researchers, 

and policymakers aiming to leverage the transformative potential of VR/AR 

technologies. 
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1 Introduction 
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With recent technological advancements, researchers have been focusing on emerging 

tools to enhance productivity and the learning experience in STEM education. Recent 

statistics show that traditional teaching methods are becoming obsolete and in this 21st 

century, learners are more inclined to use technology [1,2]. Therefore, over the past few 

years, both Virtual Reality (VR) and Augmented Reality (AR) have become prominent 

technological innovations for delivering content, leading to improved productivity for 

learners [3]. Different research studies highlighted the significance of creating a virtual 
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environment to gain insights into complex engineering applications, surgical training, 

and multidisciplinary social interactions. Likewise, AR provides us a foundation to 

overlay digital information on the real-world environment, allowing (a) engineers to 

maintain and access the real-time data of the equipment, (b) doctors to visualize the 

surgical procedure data on the patient’s anatomy, and (c) social scientists to depict the 

geographical locations by visualizing the augmented interpretations [4–6]. Recent 

Scopus data reveals a predominant focus of VR/AR applications in the medical field 

(40%), followed by engineering (34%), social sciences (16%), and other educational 

domains (10%). The results indicate that the scientific community has been actively 

utilizing these emerging fields, particularly in engineering, medical, and social sciences 

[7,8]. The following sections explore these fields in detail. 

The available scientific studies have provided the foundation to explore the applied 

areas of VR/AR technology. However, a major research gap exists in providing a 

comprehensive overview of VR/AR-based applications in educational fields. This 

specific gap impedes the foundation for researchers in exploring the VR/AR-based 

immersive learning experience. Therefore, the main goal of this systematic review 

article is to provide the scientific community with the fundamental backgrounds, utility, 

and advancements of AR/VR-based applications in STEM education. Most importantly, 

the selection of the research studies has been done by considering three factors (a) the 

utility of AR/VR technology in enhancing the immersive learning experience (b)the 

implication of AR/VR technology in the higher education stream, and (c) the 

publication year (studies after 2019 are considered) 

2 Biomedical Education 

The field of biomedical education has witnessed a surge in the use of these immersive 

technologies, ranging from applications to visualizing anatomical structures of living 

organisms and microorganisms to simulating complex biomedical machinery like 

radiotherapy machines. These solutions are being used for classroom teaching, 

operators and nursing staff training, and remote operation. Traditionally, medical 

education is centered around textbooks, classroom instruction, and visual aids. 

However, these methods offer limited detail and lack interactive mechanisms for 

learners, potentially hindering a deeper understanding of complex medical concepts. 

The use of immersive technologies like VR/AR has proven to be a remarkable 

improvement in biomedical education. 

A few main resources used in traditional anatomy study include cadavers, 3D and 

plastic models and textbooks. [9] has presented various studies that prove that 

immersive technologies can lead to improved knowledge retention compared to 

traditional learning methods. An AR tool (AEducAR 2.0) developed by the University 

of Bologna [10] was tested on 130 students to learn three anatomical 

topics; orbit zone, facia bones, and mimic muscles. Students declared to find 

AR a helpful tool for studying (94%) and for their future medical career (95%). Fig. 1a 

shows facial bones visualized using this AR tool. A study by Nan Jiang et.al. [11] 

created an interactive AR tool to display the model of the canine skull. Using this tool, 

a student can select a skull structure that gets highlighted and the student can also see 
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the text related to that part. Moreover, students could observe the dorsal view, ventral 

view, side view, and nuchal view of the skull model by dragging and rotating the model. 

One instance of the app is shown in Fig. 1b. Another study by Jesus Uribe et.al. [12] 

used AR holograms as an educational intervention for anatomy learning and results 

show that mobilebased AR was as effective as Peer Teaching Program (PTP) in 

acquiring shortterm learning. Fig. 1c shows the Cardiac Hologram Model transacted to 

visualize heart chambers. 

There is also a possibility that the digital content is displayed on physical objects 

like manikins or cadavers. ARISE developed by [13] is one such example and one 

instance of the solution is shown in Fig. 1d. Companies like GigXR [14] employ 

Extended Reality (XR) to create immersive healthcare education experiences. Their 

HoloHuman platform offers interactive 3D anatomy models (Fig. 1e), while 

HoloPatient simulates various medical conditions (Fig. 1f) for nursing students. 

 

 (a) (b) (c) 

 

 (d) (e) (f) 

Fig.1. (a) Facial bones visualized using AEducAR 2.0 [10]; (b) Interactive Canine Skull Model 

[11]; (c) Cardiac Hologram Model [12]; (d) UI of ARISE [13]; (e-f) HoloHuman and 

HoloPatient by GigXR [14] 

VR and AR have emerged as useful tools to train professionals in Cardiopulmonary 

Resuscitation (CPR) for cardiac arrest. [15] presents a Virtual Reality application to 

support learning and practicing basic techniques of CPR using force sensors to measure 

user interaction. Fig.2a shows the VR simulation with the value of the force sensor 

while Fig.2b shows a person performing CPR on a manikin with a VR headset. 
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 (a) (b) 

Fig.2. (a) VR Simulation;(b) Test Session [15] 

Understanding and operating complex biomedical equipment is another critical 

pillar of biomedical education. Machines like MRI scanners, CT scans, and LINACs 

play a vital role in modern medicine, and proficiency in their use is essential for various 

healthcare professionals. [16] offers VR training for MRI operators, simulating the 

control room and MRI scan process, including patient interaction and result display. 

Accurate set-up and patient positioning are crucial for successful radiotherapy 

treatment. VR and AR technologies are emerging as powerful tools, not only for training 

and evaluating the accuracy of these procedures but also for potentially guiding them 

in real-time [17,18]. 

Beyond training applications, VR and AR are also being explored for visualizing 

complex biomedical data. For instance, systems like [19] allow researchers to extract 

even deeper insights from biomedical computational fluid dynamics (CFD) simulations 

using VR and AR. 

3 Engineering and Natural Science 

We have reviewed recent use of VR/AR technology in engineering and natural science 

education as well. In a study focusing on N-type MOSFET (NMOS) elements [20], 

researchers used an AR application to augment the lecture contents to enhance the 

learner’s understanding of analog and digital circuits. The key finding established that 

abstract ideas become more tangible hence improving learners’ comprehension. In [21] 

a detailed review of the use of VR technology in engineering education found the need 

for a strong theoretical foundation to improve the effectiveness of such technologies in 

education. As educators are increasingly integrating these technologies into their lesson 

plans, a formal theoretical framework for incorporating long-researched and established 

educational theories must be developed. Moreover, the study presented the findings that 

use of multimedia instructional design process helps to mitigate cognitive load and 

enhance the learning outcomes in virtual environments. Therefore, a well-thought-out 

approach to incorporating VR/AR technology into modern-day education needs to be 

developed. 

In another study [22] related to natural science, the researchers developed an AR 

system to visualize concepts of topography and hydrology in AR environment. It helped 
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to demonstrate the type of terrain that would be covered in a field trip of a group of 

students. Moreover, a VR application was also developed and presented in this study 

that used georeferenced drone images and photogrammetry software to create a 3D 

model of the outcrop. This allowed students to visualize the outcrop situated at a remote 

location in a virtual environment. 

In [23] several reasons as to why students are opting out of science education in 

Europe are analyzed. The foremost reason is the amount of cognitive effort required to 

grasp the difficult concepts necessary for understanding the included topics. VR/AR 

technology can easily fill in the gap here by reducing the cognitive load on the learner’s 

mind and presenting abstract and complex science concepts in a more straightforward 

and less complex way. 

4 Conclusion 

In this systematic review article, the influence of emerging technological innovations, 

VR/AR on the educational disciplines has been explored and critically assessed for the 

immersive learning experience. The existing statistics highlighted that within STEM 

education, VR/AR applications have been prominently utilized in medical, engineering, 

and social sciences disciplines. However, medical education is found to be the 

prominent one in the enormous utilization of these technologies for effective yet 

interactive learning experiences. Additionally, both engineers as well as social scientists 

have also been actively involved in utilizing VR/AR technology for efficient 

understanding of complex concepts. Based on the insights provided, this article lays a 

foundation for the scientific community to understand, explore, and implement VR/AR 

applications within STEM education. Furthermore, the applied areas of VR/AR 

technology, specifically in STEM education, still need to be explored, and based on the 

limited existing findings, it is further recommended to critically assess real-world 

applied scenarios of AR/VR Technology. 
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