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Abstract. Due to the continuous development of hardware and software, Virtual Reality (VR)
and Augmented Reality (AR) technologies are rapidly maturing and becoming popular in
people's lives. However, people do not have much knowledge and understanding of them. In
order to enable more people to understand Virtual Reality and Augmented Reality and
distinguish between them, this article will provide some basic explanations of VR, AR, and HCI.
Through specific cases, the application of VR and AR in urban cultural creative design,
education field, business field, game field, tourism and cultural experience, and manufacturing
industry will be presented and analyzed. In addition, how they are applied based on
Human-Computer Interaction (HCI) principles will be discussed separately. Furthermore, the
feasibility of this technology and its impact on the industry were discussed. Finally, the
limitations of VR and AR technologies were discussed, and some solutions were proposed. The
future development directions of VR and AR technologies were also discussed.
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1. Introduction

Virtual reality (VR) technology is a computer system that can provide users with an experience of a
virtual world [1]. VR technology has three basic characteristics, namely immersion, interaction, and
imagination. Immersion refers to the ability of users to immerse themselves in the virtual world while
experiencing VR, as if they were in the real world. Interactivity refers to the ability of users to interact
with the virtual world through interactive devices. In contrast, conceptualization refers to allowing users
to imagine objectively nonexistent environments and broaden human cognition [1].

Augmented Reality (AR) is a technology that combines and interacts the virtual world of a screen
with reality. AR supplements the real world with virtual objects, which are computer-generated objects,
that appear to coexist in the same space as the real world [2].

Human Computer Interaction (HCI) is a way for users to interact with computers. After years of
development, it has evolved from the initial No UI (User Interface) to the command-line era, then to the
graphical Ul stage, and finally to the natural Ul. Specifically, at the beginning of human history, large
computers such as Turing machines were used to decipher intelligence, which was very complex and
inefficient to operate. Through the development of electronic computers, displays and keyboards have
emerged, allowing people to interact with computers by entering command lines. Afterward, graphical
user interfaces appeared, such as the Windows operating system, which was mostly window graphic
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display programs, allowing users to have a more intuitive experience. For natural user interfaces, users
only need to interact with machines through the most natural way of human communication.

At present, through VR/AR devices, users can perceive inputs from multiple sensory channels, such
as direct voice input, or motion tracking. After reading the collected data, the device can provide users
with multisensory channel feedback. That means this VR/AR is also a new HCI interface [1].

2. The practical application of Virtual Reality

2.1. VR in urban cultural creative design

Cities are carriers of culture, and humans live in them. It is crucial to build a comfortable city, but how to
ensure the diverse combination of people, places, and the earth while building it, how to ensure
people-oriented and reasonable control of urban density, highlight distinctiveness and hierarchy, ensure
the layout of open spaces such as parks and squares, and how to arrange design to improve the level of
green living facilities, all require designers to conduct in-depth analysis and testing. However, in order
to conduct testing and efficiently and quickly design cities, it is necessary to apply VR technology.

VR technology can be applied to the urban culture design industry. Through the powerful simulation
environment capability of VR, people can deeply experience its environment and analyze whether the
design concept is suitable. Because VR technology can effectively use 3D models to better display real
scenes. Secondly, this technology can efficiently update data and use devices with efficient graphic
drawing capabilities to refresh and render images within 0.2 seconds, fully in line with the continuity of
the human visual field [3].

Application of HCI principles in building urban models. In the experiment, the scene of menu
operation is realized by laser-clicking user interface options, and on this basis, collision detection based
on ray projection is carried out [3]. It mainly achieves interaction through a natural user interface (NUI).
Developers collect information through usability testing to evaluate subjective comfort and usability. In
addition, developers use 3D interactive gestures to test the usability of NUI. After being tested, when the
interaction mode is consistent with real life, the comfort level is the highest. Therefore, this also reflects
that “naturalness originates from life experiences” in HCI.

Finally, through the rendering of VR technology, a realistic urban environment was constructed, and
the NUI design principles of HCI were well applied, reflecting that VR technology greatly improves the
efficiency of urban design and provides a more intuitive and immersive experience. It also demonstrates
that VR design platforms have good design performance and can be applied to urban cultural creative
design.

2.2. VR in Education Field

VR also plays an important role in the field of education, due to the need for teaching technology to keep
up with the times. At present, there are problems such as low classroom attendance and students' lack of
interest in learning. Teachers are also looking for other teaching methods, and using VR teaching can
solve current problems [4]. Therefore, some educators have started using VR devices to provide students
with a more immersive learning environment. For example, in the English reading education of high
school students, the use of VR technology enhances students' learning efficiency because virtual reality
technology can expand the experience effect through human-computer interaction space, based on
multiple sensory dimensions of vision, hearing, and touch, enhancing people's immersion and enriching
the human-computer interaction experience.

For English learners, using VR technology can allow them to experience the language environment
and have a new thinking pattern of English. For example, in English teaching, creating English reading
scenarios based on the language environment can more vividly present the environment of the article to
learners and enhance their sense of immersion. In addition, it has to some extent stimulated students'
learning enthusiasm, shifting from a "utilitarian" learning behavior to an "active" learning attitude [5].
The stronger the immersion of teachers in the English reading environment, the more focused the
attention of English learners will be.
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This teaching method is an interactive strategy based on perceptual memory for reading and storing
information. By combining the words read with known images, students form unit blocks of reading
information [5], increasing the working storage capacity. So students can enhance their reading and
comprehension abilities through immersive experiences while reading.

In terms of the use of HCI principles, virtual reality technology is introduced into the "reading space"
to generate virtual illusions by invoking visual, auditory, tactile, and olfactory senses. At the same time,
it has better-achieved information preservation, information sharing, intellectual resource development,
and cultural and entertainment provision [5]. It is not complicated for students to use and provides a
highly immersive learning environment.

2.3. VR in Business Field

In the business field, VR technology is usually combined with advanced machine learning algorithms to
provide customized services to customers. Based on customer operations or information, specific
content is pushed to maximize user satisfaction and meet their needs. When conducting VR marketing, it
can deepen user engagement, enhance immersion, improve the effectiveness of advertising campaigns,
increase conversion rates, and increase brand loyalty [6].

On a technical level, advanced interactive technologies such as Natural Language Processing (NLP)
and gesture recognition are usually integrated into commercial applications. Users can directly input
voice and gestures, which are then translated into commands in a virtual environment to improve the
intelligence level of the product [6]. In addition, attention is paid to the use of HCI principles, such as
focusing on visual and interactive design in VR environments, promoting the role of the direct layer of
interaction between users and VR systems, and improving user comfort.

For example, in the retail industry, VR technology is used to create an immersive shopping
environment for users, where customers can experience the feeling of shopping without having to go to
physical stores. Specifically, in the furniture retail industry, using VR technology, users can directly see
the size, model, color, and so on of furniture. If Augmented Reality technology is added, users can also
intuitively feel how furniture is placed in their homes. So to a certain extent, it reduces the investment in
space costs such as rent for offline physical stores, saves users' time, improves their experience, and
increases the possibility of purchase.

2.4. VR in Game Field

The rapid development of VR technology in recent years is due to the hardware requirements of the
gaming industry. The gaming industry typically requires advanced hardware to support game
development, which to some extent makes VR manufacturers focus on hardware development iteration
upgrades to provide excellent clarity and game performance, thereby greatly improving the user
experience.

Based on HCI principles, developers often use VR devices with gyroscope functionality to shorten
response time and enhance the gaming experience. In addition, to enhance realism, the latest VR
headphones also have excellent tactile triggers. Used to provide a multisensory experience.

Take Half Life: Alyx in the VR gaming field as an example. This VR game can be said to maximize
the performance of VR technology, with numerous details of interaction such as players picking up
bottles, books, marking pens, and using brushes to write and guns to shoot enemies. In addition, in order
to ensure the user experience, the game will provide players with various ways of movement, such as
teleportation, teleportation, continuous movement, etc., to prevent motion sickness [7].

3. The practical application of Augmented Reality
3.1. The Application of AR in Tourism and Cultural Experience
The application of AR technology in controversial public spaces to reveal hidden histories and power

structures has important educational implications for people, prompting them to reflect on the
significance of AR in space and its future development. Taking "Dear Visitor" and "Charleston
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Reconstructed" as examples, "Dear Visitor" is a monument written by Chanel Miller, a survivor of a
widely discussed sexual assault incident on the Stanford University campus, as shown in Figure 1. The
original plan was to place it at the location of the incident, but it was rejected by the school authorities. In
response to this rejection, the project team developed an AR-based experience to virtually display
Miller's inscription at the original location. ‘Charleston Reconstructed’ is a project located in Marion
Square, South Carolina, originally intended to commemorate the Confederate army, but it is not a
glorious history that highlights discrimination against black people and racism. In order to provide a
multi-level historical narrative, AR technology was used to reveal its complex historical background [8].

Figure 1. "Dear Vistor" AR Project

The project team then developed an AR program using Unity and improved the user experience
through techniques such as image tagging and drone scanning, accurately presenting content in the real
world. For example, in the "Dear Visitor" project, users can use the AR program on their mobile phones
to view relevant monuments on campus without the need for complex operations. They only need to
scan the relevant locations to present them. In Marion Square, three chapters were presented, each of
which overlaid information from different historical periods of the square through AR, reflecting the
history of the struggle of black slaves (Figure 2) [8].

Figure 2. “Charleston Reconstructed” AR Project

So AR technology is not just about presenting virtual objects to people in the real world, but also
showcasing their special historical significance in specific locations, enhancing the visitor experience.
At the same time, it also allows users to have a deeper understanding of complex social and historical
issues, promotes public participation and feedback, and enhances people's awareness of social issues.

3.2. The Application of AR in Manufacturing Industry

AR also plays an important role in the manufacturing industry. TTaking the automobile assembly line as
an example, operators greatly improve production efficiency and ensure production safety by using AR
tools. Specifically, users can receive visual and audio warning information, as well as visual safety
zones and robot end-effector trajectories to inform workers of the correct work area. In addition,
information on workshop status and upcoming products can also be obtained, making the production
process clearer and more transparent [9]. When workers use it, they will also have clear instructions to
ensure that they operate according to the correct regulations. In addition, he will ensure database
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communication between all data and CAD files, thereby ensuring the accuracy of information and
improving the safety of production.

AR Solutions provide creative solutions to these problems as manufacturers look for ways to
increase output, optimize processes, and boost overall efficiency (Figure 3) [10]. From the perspective
of HCI, through the use of AR glasses, workers do not need to do too much complex preparation work,
reducing the complexity of manual input. Users only need to observe the machine to generate relevant
operation instructions, which is more in line with the actual work scenarios of workers and does not
require a large amount of traditional equipment such as keyboards for input, in line with the design
concept of NUI In addition, Multisensory Interaction is ensured, which allows for intuitive visual
guidance of operation instructions and production information. In addition, there is also auditory
guidance. Once a production problem occurs, an alarm will sound to ensure the safety of workers'
production.

Production Data Interference Regions 30 Model

Figure 3. Specific production information instructions

4. Conclusion

VR and AR technologies have undergone decades of development and will continue to grow at an
increasingly fast pace. Human-computer interaction, as the support point of their technology, is also
constantly evolving and optimizing. This article discusses how VR and AR technologies are applied in
various industries based on HCI principles, and evaluates their effectiveness and necessity accordingly.
This article is a review based on existing applications, without practical application of VR/AR
technology, and lacks actual experimental data as a basis for evaluation, so it lacks certain
persuasiveness.

Currently, their technology has not yet matured, but a large number of highly innovative MR
applications, such as physical interaction, 3D interaction, multi-channel and hybrid interaction have
shown strong vitality in these applications, greatly promoting the development of interaction technology.
It still needs continuous development and innovation, and requires constant iteration and updating in
hardware and software. However, interaction technology still has shortcomings in stability, perception
ability, and feedback ability. In addition, the development and maintenance costs of VR systems are
high. To develop high-quality applications, it is necessary to obtain high-quality hardware and software,
so it is necessary to develop high-quality and low-cost hardware and software. VR devices are relatively
heavy, and prolonged use can cause headaches and neck pain. Therefore, in the future, while ensuring
the performance of such devices, it is necessary to control the weight or use lighter materials to offset the
weight. Although AR devices have lower costs and lighter weight, there are still many issues such as
latency, occlusion, lighting, scalability, calibration, etc. These issues may cause AR to malfunction
incorrectly. To solve this problem, more appropriate algorithms and more compatible AR software and
hardware may emerge in the future. So VR and AR technologies still need to be continuously upgraded
and optimized, hoping that in the future these technologies can be more naturally integrated into people's
lives, and people do not need to pay too much learning and financial costs to use these technologies.
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