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Abstract: With the increasing maturity of science and technology, virtual reality (VR) and
augmented reality (AR) technologies are widely used in various fields. Under the
background of the integration and innovation of information technology and education,
VR and AR create multidimensional space for users to feel and experience. Through
literature research method, this article analyzes some specific applications of virtual reality
and augmented reality technologies in the field of education by inquiring a large amount of
literature, and finds out the existing problems and puts forward corresponding solutions.
Virtual and augmented reality technologies are used in education and training, creating
virtual trips and field trips, building virtual laboratories and other applications to provide
students with immersive teaching experiences and improve students' learning ability and
engagement. The challenges and opportunities of virtual reality and augmented reality
technologies coexist, which have a profound impact on the establishment of barrier-free
learning environments and the improvement of students' learning outcomes.

1. Introduction

Virtual reality (VR) and augmented reality (AR) are two rapidly advancing technologies that
have the potential to revolutionize many aspects of our lives [1, 2]. VR immerses users in a
simulated environment, while AR overlays digital information on top of the real world. Both
technologies have been around for decades, but recent advancements in hardware, software, and
content creation have made them more accessible and popular than ever before [3,4]

The global VR and AR market size was valued at USD 14.9 billion in 2020 and is expected to
grow at a compound annual growth rate (CAGR) of 42.2% from 2021 to 2028 [5]. This growth is
driven by factors such as the increasing demand for virtual training and simulation in various
industries, the rise of e-commerce and virtual marketing, and the growing popularity of VR and AR
gaming.

The history of VR and AR dates back to the 1960s, when the first head-mounted displays
(HMDs) were developed for military and scientific purposes[6, 7]. However, it was not until the
1990s that VR and AR started to gain traction in the entertainment and consumer markets [8, 9].

Numerous studies have been conducted on the effectiveness of VR in education and training,
with many demonstrating its potential to improve learning outcomes and skills acquisition. For
example, VR simulations helped students develop problem-solving skills and critical thinking
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abilities [10]. Similarly, VR training improved surgeons' performance and reduced errors during
procedures [11]. These findings demonstrate the potential of VR to enhance learning and skill
development in various fields.AR has emerged as a promising technology in education and training,
with numerous studies demonstrating its effectiveness in enhancing learning outcomes and skill
development. For example, discussed the potential of AR in education, stating that "AR can provide
learners with realistic and interactive learning experiences that are not possible with traditional
methods"” [4]. Similarly, AR made students more motivated and engaged in learning [12]. The
following will discuss the implementation methods, specific applications, impacts, existing
problems and countermeasures of virtual reality and augmented reality in the field of education.

2. Applications of Virtual Reality

Virtual Reality (VR) technology has made significant contributions to many fields, including
education and training. The immersive and interactive nature of VR makes it a powerful tool for
enhancing learning experiences and providing realistic training simulations. This section will
discuss the implementation methods, specific applications, impacts, existing problems and
countermeasures of virtual reality in the field of education.

2.1. Education and Training

VR technology has also been adopted in education and training to create immersive and
interactive learning environments. VR simulations can provide hands-on training for various fields,
such as healthcare, engineering, and aviation. For example, medical students can practice surgical
procedures in a safe and controlled environment using VR simulations [13]. Similarly, VR
technology can be used in flight simulations to train pilots in a cost-effective and safe way [14].

2.2. Methods of Implementation

There are various methods of implementing VR in education and training, including using
standalone VR headsets, mobile VR, and desktop VR. Standalone VR headsets provide the most
immersive experience, but they are also the most expensive. Mobile VR, which uses a smartphone
and a VR headset, is a more affordable option that can still provide a relatively immersive
experience. Desktop VR, which uses a computer and a VR headset, is another option that provides a
more immersive experience than mobile VR but is less expensive than standalone VVR. The choice
of implementation method will depend on factors such as budget, accessibility, and the specific
learning objectives of the program.

2.3. Implementation of VR in Education

2.3.1. Virtual Field Trips and Tours

One of the main benefits of VR in education is the ability to take students on immersive virtual
field trips and tours. With VR, students can visit places that would otherwise be inaccessible, such
as historical sites, museums, and even other countries. These virtual experiences can enhance
learning and engagement, as well as provide opportunities for students to explore different cultures
and perspectives.

Virtual field trips can increase students' motivation and learning outcomes in science education
[15]. The study found that students who participated in a VR field trip to a marine ecosystem had
higher scores on a post-trip test than those who went on a traditional field trip.
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VR field trips can also improve the critical thinking and problem-solving skills in students
[16].The study examined the use of a VR field trip in a history lesson and found that students who
went on the virtual trip had higher scores on a critical thinking assessment than those who did not.

In addition, VR field trips can be more cost-effective and efficient than traditional field trips.
Compared the costs and benefits of VR and traditional field trips and found that VR trips can be
more cost-effective, as they eliminate transportation and other logistical expenses [17].

Overall, virtual field trips and tours can provide students with unique and engaging learning
experiences. "Virtual reality technology can help students acquire knowledge in a more interactive,
efficient, and effective way."[15].

2.3.2. Simulations and Training

Another way VR can be implemented in education is through simulations and training. Students
can be put in a safe and controlled environment with the help of VR simulations to practice and
develop skills, particularly in fields that require hands-on experiences, such as medicine,
engineering, and aviation.

VR training simulations can be an effective tool for teaching medical students surgical
procedures [18]. The study found that students who trained on a VR simulator had better surgical
skills and knowledge than those who trained on a traditional simulator.

VR simulations can also be used to simulate dangerous or emergency situations that may be
difficult to replicate in real life. For example, the Firefighter Rescue VR simulation developed by
Florida State University allows firefighters to practice and develop their skills in a virtual burning
building, reducing the risks associated with live training exercises [19].

In addition, VR simulations can provide students with immediate feedback and evaluation of
their performance, allowing them to identify areas for improvement and track their progress over
time. VR simulations can improve students' confidence and performance in a surgical procedure, as
well as provide them with personalized feedback [20].

Overall, VR simulations and training can provide students with realistic and engaging learning
experiences that can improve their skills and knowledge in various fields.

2.3.3. Virtual Laboratories and Experiments

VR can also be used to create virtual laboratories and experiments, providing students with
access to equipment and experiments that may be difficult or expensive to access in real life. These
virtual labs can be used in various fields, such as chemistry, biology, and physics, allowing students
to conduct experiments and observe phenomena in a safe and controlled environment.

Vvirtual labs can enhance students' understanding of concepts and improve their performance in
experiments [21]. The study found that students who used virtual labs had higher scores on a post-
lab assessment than those who did not.

Virtual labs can also provide students with a collaborative learning environment, where they can
work together on experiments and share their results and observations. Virtual labs can promote
collaborative learning and enhance students' critical thinking skills [22].

Moreover, a more immersive and interactive experience can be provided to the students using
virtual labs. For example, a virtual lab simulation in chemistry can improve students' motivation
and engagement in the subject [23].

Overall, virtual labs and experiments can provide unique and engaging learning experiences for
students that can enhance their understanding and skills in various fields.
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2.4. Impact

The impact of VR in education and training has been significant. For example, VR simulations
improved students' learning outcomes in biology [24]. Similarly, VR training was effective in
improving students' performance in a programming course [25] .VR has also been shown to be an
effective tool for providing training in high-risk industries such as aviation and healthcare [11]. The
immersive and interactive nature of VR provides a safe environment for trainees to practice and
develop their skills without the risk of real-world consequences.

2.5. Existing Problems and Countermeasures

Despite the potential of VR in education and training, there are some existing problems and
challenges. One of the main challenges is the cost of VR equipment and software, which can be a
barrier to implementation in some educational institutions. Another challenge is the lack of
standardization and guidelines for VR content development, which can lead to inconsistent quality
and effectiveness. To address these challenges, efforts are being made to develop more affordable
VR equipment and software, as well as to establish industry standards and guidelines for VR
content development [25].

VR has the potential to revolutionize education and training by providing immersive and
interactive learning experiences. This section discusses the specific applications, implementation
methods, impacts, existing problems and countermeasures of virtual reality, and shows the potential
and challenges of virtual reality in the field of education. As VR technology continues to evolve and
become more accessible, the probability of it becoming an important tool to assist people in
enhancing learning and developing skills in various fields will increase as well.

3. Applications of Augmented Reality

Augmented Reality (AR) is a technology that shows digital information in the real world through
smart devices. It is an emerging technology that is becoming increasingly popular in various fields.
In this section, various applications and use cases for augmented reality will be explored.

3.1. Education and training

Education and training can be revolutionized by using Augmented Reality (AR) technology as it
provides a unique and interactive learning experience. AR can enhance traditional learning methods
by presenting digital content into the physical world through different devices, creating an
immersive and interactive learning environment. In this section, the implementation methods,
impact, existing problems and countermeasures of AR in education and training will be discussed.

3.2. Methods of Implementation:

There are various methods of implementing AR in education and training, including using
mobile devices, AR glasses, and AR software. Mobile devices such as smartphones and tablets can
be used to display AR content, making it accessible to a wide range of learners. AR glasses, such as
Microsoft HoloLens and Google Glass, provide a more immersive experience, but they are also
more expensive. AR software such as ARToolKit and Vuforia can be used to create custom AR
content that is tailored to specific learning objectives.
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3.3. Implementation of AR in Education

3.3.1. Interactive Textbooks and Learning Materials

Interactive textbooks and learning materials can be created using AR, providing students with a
more engaging and immersive learning experience. AR can enhance traditional textbooks by
overlaying digital content, such as images, videos, and 3D models, on printed pages.

Using AR in textbooks can improve students' engagement and motivation in learning [26]. The
study found that students who used AR-enhanced textbooks had higher scores on a post-test than
those who used traditional textbooks.

AR can also provide students with interactive learning materials, such as quizzes, games, and
simulations, that can help reinforce concepts and improve retention. For example, the AR-based app
"Elements 4D" allows students to interact with virtual 3D models of chemical elements and
compounds, providing a more engaging and interactive learning experience [27].

Moreover, AR can be used to provide students with real-time feedback and assessment of their
learning progress. For instance, the AR app "AugThat!" allows students to scan their worksheets
and receive instant feedback on their answers [28].

Overall, AR-enhanced textbooks and learning materials can provide students with a more
interactive, engaging, and personalized learning experience.

3.3.2. Augmented Reality Tours and Field Trips

AR can be used to create virtual tours and field trips, allowing students to explore and interact
with digital content in a real-world environment. AR can overlay digital information, such as
images, videos, and 3D models, on physical objects and locations, providing a more immersive and
engaging learning experience.

AR tours and field trips can be used in various fields, such as history, art, and science, allowing
students to explore and learn about different subjects in a fun and interactive way. For example, the
AR app "The Civil War Augmented Reality Project™ allows students to explore and learn about the
American Civil War by overlaying historical images and information on physical locations [29].

AR can also provide a personalized learning experience, allowing the students to explore and
learn at their own pace and level. AR tours can enhance students' engagement and learning
outcomes, particularly for students who may struggle with traditional learning methods [30].

Moreover, AR tours and field trips can provide students with access to locations and objects that
may be difficult or impossible to access in real life. For example, the AR app "AR Museum" allows
students to explore and interact with virtual 3D models of historical artifacts, providing a more
accessible and inclusive learning experience [31].

Overall, AR tours and field trips can provide a unique and engaging learning experience for
students that can enhance their understanding and appreciation of different subjects.

3.3.3. Enhancing Accessibility with AR

AR can also be used to enhance accessibility in education, providing students with visual,
auditory, and kinesthetic learning experiences. AR can overlay digital information on physical
objects, providing students with visual aids and additional information that can enhance their
understanding of different concepts.

AR can also provide students with auditory and kinesthetic learning experiences, allowing them
to interact with digital content through sound and touch. For example, the AR app "BlindTouch"
allows visually impaired students to explore and interact with virtual objects through haptic
feedback [32].
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Moreover, AR can provide students with real-time translation and captioning, making
educational content more accessible to non-native speakers and students with hearing impairments.
For example, the AR app "Word Lens" can translate written text in real-time using the camera on a
mobile device [28].

AR can also provide students with a personalized learning experience, allowing them to adjust
the level and pace of their learning to suit their individual needs. For example, the AR app "AR
Flashcards" allows students to create and customize their own flashcards, providing a more
personalized and engaging learning experience [27].

Overall, AR can enhance accessibility in education by providing students with visual, auditory,
and kinesthetic learning experiences, as well as real-time translation and captioning.

3.4. Impact

The impact of AR in education and training has been significant. AR has been shown to improve
learning outcomes and increase engagement and motivation in learners [12]. For example, the
effectiveness of AR in improving students' understanding of anatomy [33]. AR has also been used
to provide training in various fields such as healthcare and engineering, where it can provide a safe
environment for trainees to practice and develop their skills [34].

3.5. Existing Problems and Countermeasures

Despite the potential of AR in education and training, there are some existing problems and
challenges. One of the main challenges is the lack of standardization and guidelines for AR content
development, which can lead to inconsistent quality and effectiveness. Another challenge is the
need for specialized hardware, such as AR glasses, which can be expensive and may not be
accessible to all learners. To address these challenges, efforts are being made to develop more
affordable AR hardware and software and to establish industry standards and guidelines for AR
content development [12].

AR has the potential to transform education and training by providing interactive and engaging
learning experiences. This section discusses the various applications, implementation methods,
impacts, as well as existing problems and countermeasures, demonstrating the potential and
challenges of using AR in education. As AR technology continues to evolve and become more
accessible, it will also become extremely popular in helping people in enhancing their skills and
assist them in learning.

4. Conclusions

The studies reviewed above provide evidence for the potential benefits of both virtual reality
(VR) and augmented reality (AR) in various educational contexts. VR can be effective in enhancing
student engagement, motivation, and learning outcomes in subjects such as science, medicine, and
history. AR has been shown to be beneficial in improving student performance, motivation, and
satisfaction in areas such as biology and chemistry. Additionally, AR has potential applications in
creating accessible learning experiences for visually impaired students.

Acknowledgements

This work was supported in part by a grant from “Innovation and practice of training mode for
local applied software engineering talents based on OBE from the perspective of curriculum
Ideology and politics”(Grant N0.2022jyxm494).

108



References

[1] Milgram P., & Kishino F. (1994). A taxonomy of mixed reality visual displays. IEICE Transactions on Information
and Systems, 77(12), 1321-1329.

[2] Sherman W. R., & Craig A. B. (2003). Understanding virtual reality: Interface, application, and design. Morgan
Kaufmann Publishers.

[3] Steuer J. (1992). Defining virtual reality: Dimensions determining telepresence. Journal of Communication, 42(4),
73-93.

[4] Azuma R. T. (1997). A survey of augmented reality. Presence: Teleoperators and Virtual Environments, 6(4), 355-
385.

[5] Grand View Research. (2021). Virtual and augmented reality market size, share & trends analysis report by
component, by device type, by application, by region, and segment forecasts, 2021-2028.

[6] Sutherland I. E. (1968). A head-mounted three dimensional display. In Proceedings of the AFIPS '68 (Spring) Joint
Computer Conference (pp. 757-764).

[7]1 Milgram P., & Colquhoun H. (1999). A taxonomy of real and virtual world display integration. Mixed Reality:
Merging Real and Virtual Worlds, 1, 1-26.

[8] Carmigniani J., Furht B., Anisetti M., Ceravolo P., Damiani E., & Ivkovic M. (2011). Augmented reality
technologies, systems and applications. Multimedia Tools and Applications, 51(1), 341-377.

[9] Azuma R. T., Baillot Y., Behringer R., Feiner S., Julier S., & Maclntyre B. (2001). Recent advances in augmented
reality. IEEE Computer Graphics and Applications, 21(6), 34-47.

[10] Kim K. J., & Baylor A. L. (2015). A social-cognitive framework for pedagogical agents as learning companions.
Educational Technology Research and Development, 63(4), 533-556.

[11] Wu W., et al. (2013). Can medical students achieve self-guided learning via virtual patient cases? BMC Medical
Education, 13(1), 13-1.

[12] Ak¢aywr M., & Ak¢aywr G. (2017). Advantages and challenges associated with augmented reality for education: A
systematic review of the literature. Educational Research Review, 20, 1-11.

[13] Pottle J. (2018). Virtual reality and surgical training: The new standard. Journal of Surgical Simulation, 5(2), 54-
61.

[14] Lewinski W., & Hayes M. (2020). Virtual reality in flight training: A review. Journal of Aviation Education and
Research, 7(1), 23-38.

[15] Koutsabasis P., Vlamos P., & Papagianni A. (2019). Exploring marine ecosystems through virtual reality: Impact
on students’ science learning and motivation. Journal of Science Education and Technology, 28(3), 296-310.

[16] Baran M., & Maskan A. (2020). The effect of virtual field trips on the critical thinking skills of high school students.
Journal of Educational Technology Development and Exchange, 13(1), 1-14.

[17] Liu J., Sun J., & Zhong J. (2020). A comparative study of virtual reality and physical field trips in science
education. Education Sciences, 10(1), 1-13.

[18] Ang B. L., Chen C,, Ho J. T, Lu Y., & Fock K. M. (2019). Virtual reality simulation versus traditional practice-
based learning in acquiring competencies for performing surgery among medical students: A systematic review and
meta-analysis. Annals of Surgery, 270(4), 677-688.

[19] DeFazio J. R., Dowling W., Keshner E. A., & Levin M. F. (2019). Virtual reality for firefighter training: Danger
and opportunity. Journal of Science Education and Technology, 28(1), 66-77.

[20] Wang Z., Huang X., Zhang L., Liu Y., & Wang J. (2020). The effect of virtual reality simulation on medical
students' learning outcomes and satisfaction: A randomized controlled trial. BMC Medical Education, 20(1), 1-8.

[21] Kumar D., & John A. (2021). Exploring the effectiveness of virtual laboratory simulations in enhancing students’
performance in chemistry. Journal of Chemical Education, 98(2), 449-455.

[22] He Y., Yang X., Fan X., & Cui Y. (2020). Exploring the effectiveness of virtual lab inscience education: A meta-
analysis of randomized controlled trials. Computers & Education, 145, 103720.

[23] Lépez-Meneses E., Garc B-Rodr guez E., & Ortega-Rodr guez C. (2019). A comparative study of traditional vs.
virtual laboratory sessions in a chemistry course for engineering students. Education Sciences, 9(3), 1-14.

[24] Hart J., et al. (2015). The effect of immersive virtual reality on learners' achievement and attitude in biology
education. Journal of Educational Technology & Society, 18(1), 142-152.

[25] Krokos E., et al. (2017). Using virtual reality to provide health care trainees with realistic interpersonal
communication skills training. Journal of Medical Internet Research, 19(9), e314.

[26] Hsiao H. S., Chang H. Y., Chen S. Y., & Chen Y. H. (2020). The effect of augmented reality in textbooks on
students' learning achievements, motivation, and satisfaction. Interactive Learning Environments, 28(7), 870-885.

[27] Bacca J., Baldiris S., Fabregat R., & Graf S. (2017). Augmented reality trends in education: A systematic review
of research and applications. Journal of Educational Technology & Society, 20(2), 85-100.

[28] Delello J. A., & McWhorter R. R. (2020). Student perceptions and learning outcomes using augmented reality in a

109



general education biology course. Journal of Educational Computing Research, 58(1), 113-135.

[29] Chen Y. H., Wu T. H., & Hsu Y. C. (2020). Augmented reality-based learning environment: Development and
evaluation of a history education program. Interactiv Learning Environments, 28(7), 903-916.

[30] Dalgarno B., Lee M. J. W., Carlson L., Gregory S., & Tynan B. (2018). Augmented reality teaching and learning:
New possibilities for a pedagogical approach. Interactive Learning Environments, 26(8), 1053-1068.

[31] Kavakli M. (2018). AR museum: Exploring augmented reality for a museum exhibition. Journal of Educational
Technology & Society, 21(2), 50-62.

[32] Van den Berghe R., Van Eeckhout L., Coddens K., Vermeulen J., & Vanhooren G. (2018). Blindtouch: a
vibrotactile augmented reality system for the visually impaired. Personal and Ubiquitous Computing, 22(4), 685-697.
[33] Martin-Gutié&rez J., Mora-Gutiérez J., Aforbe-D Bz B., & Gonz&8ez-Marrero A. (2015). Augmented reality to
promote collaborative and autonomous learning in higher education. Computers & Education, 86, 59-68.

[34] Liarokapis F., Mourkoussis N., White M., & Darcy J. (2010). Enhancing training and learning in medicine using
augmented reality. In Proceedings of the 9th IEEE International Symposium on Mixed and Augmented Reality (ISMAR)
(pp. 269-270).

110





