Design Insights

soh'p

Article

Analysis of Digital Media Interaction Design Based on Virtual
Reality Technology

Jun Chai2* and Rina Abd Shukor 3

Published: 24 January 2025

Copyright: © 2025 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution  (CC  BY) license
(https://creativecommons.org/license

s/by/4.0/).

City Univerisity Malaysia, Selangor, Malaysia
Luoyang Polytechnic, Luoyang, Henan, China

% W N =

Universiti Selangor, Bestari Jaya, Selangor, Malaysia
Correspondence: Jun Chai, City Univerisity Malaysia, Selangor, Malaysia; Luoyang Polytechnic, Luoyang,
Henan, China

Abstract: With the rapid development of Virtual Reality (VR) technology, its application in digital
media interaction design has gradually become a hot research topic. Virtual Reality technology, with
its unique advantages such as immersion, interactivity, and real-time performance, offers an un-
precedented user experience in digital media. This study explores the core role of Virtual Reality
technology in digital media interaction design, analyzing its innovations in interface design, inter-
action flow, and user experience. By providing a detailed interpretation of the definition, character-
istics, and technological composition of Virtual Reality, this paper deeply analyzes how Virtual Re-
ality is changing traditional digital media interaction methods. The study shows that Virtual Reality
not only enhances the interactivity between users and digital media content but also promotes the
diversity of digital content presentation and the enhancement of immersion. This paper aims to
provide theoretical foundations and design ideas for the future application of Virtual Reality tech-
nology in digital media design.

Keywords: Virtual Reality technology; digital media; interaction design; user experience; immer-
sion; interface design; interaction flow

1. Introduction

With the continuous advancement of information technology, Virtual Reality (VR)
has gradually moved from science fiction to real-world applications across various fields.
By offering unique immersion and interactivity, Virtual Reality has redefined how hu-
mans interact with the digital world, especially in digital media design, where its appli-
cation shows great potential. Digital media, as a key form of information delivery and
content creation, aims to enhance user engagement and experience through interaction
design, and VR technology provides new possibilities for achieving this goal. Historically,
digital media interaction design has focused on improving user experience. However, the
advent of Virtual Reality has elevated this enhancement beyond two-dimensional inter-
faces and input methods, immersing users in a three-dimensional, all-encompassing in-
teractive environment. In Virtual Reality, users can interact in real time with digital con-
tent using natural gestures, gaze, and even biological signals. This form of interaction
greatly enriches the layers of user experience and encourages designers to reconsider the
potential of digital media design from a completely new perspective. This study aims to
explore the application of Virtual Reality technology in digital media interaction design,
with a focus on how it transforms interface design, interaction flow, and user experience.
By reviewing the technological characteristics and application areas of Virtual Reality, this
paper provides a theoretical framework and practical guidance for future applications of
Virtual Reality in digital media design. As Virtual Reality technology continues to mature,
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its role in digital media interaction design will undoubtedly deepen, pushing the industry
toward a higher level of immersive experience [1].

2. Overview of Virtual Reality Technology
2.1. Definition and Core Characteristics of Virtual Reality

Virtual Reality (VR) is a technology that creates a virtual environment generated by
a computer, allowing users to interact with the environment through sensory devices. Un-
like traditional two-dimensional images or screen displays, Virtual Reality enables users
to fully immerse themselves in a simulated three-dimensional world. In this virtual envi-
ronment, users can not only see virtual scenes but also interact in real time with its ele-
ments, creating an immersive experience. One of the core features of Virtual Reality tech-
nology is immersion. Immersion refers to the sense of being physically present in a virtual
environment. To enhance this experience, VR technology combines high-resolution visual
rendering, spatial audio, and tactile feedback, providing multi-sensory stimulation that
allows users to perceive an environment similar to the real world. This immersion is the
most significant feature that distinguishes Virtual Reality from traditional media, making
users feel as though they are entering a completely virtual yet highly realistic space,
thereby increasing their engagement and interactivity with digital content [2]. Another
key characteristic of Virtual Reality is interactivity. In traditional digital media design,
user interaction mainly relies on input devices like a mouse, keyboard, or touchscreen,
while Virtual Reality achieves human-computer interaction in a more natural and intui-
tive way. Users can interact with elements in the virtual world through gestures, gaze
control, voice commands, and other methods. This highly flexible and intuitive interaction
mode enriches and animates the digital media experience. Interactivity not only enhances
the user's sense of control but also adds operability to the virtual environment, transform-
ing the virtual world into a dynamic "active space" that interacts with users. The third core
feature of Virtual Reality is real-time performance. The virtual environment in VR is gen-
erated in real-time and synchronized with the user's actions. Every movement, gesture, or
change in gaze is instantly captured by the system and reflected in the virtual environ-
ment, ensuring smooth and natural experiences. This real-time capability demands effi-
cient computational processing and hardware support, enabling the virtual environment
to quickly respond to user needs and preventing a disconnect caused by delays, thus
maintaining immersion and interactivity.In summary, the immersion, interactivity, and
real-time nature of Virtual Reality are its most prominent characteristics, enabling it to
offer an unprecedented user experience in the field of digital media and driving advance-
ments in content presentation and interaction design [3].

2.2. Components of Virtual Reality Technology

The composition of Virtual Reality (VR) technology involves a collaborative effort
across multiple hardware and software layers, primarily including Virtual Reality head-
mounted displays, motion capture devices, input devices, computational platforms, and
image processing technologies. Each component plays a vital role in the overall virtual
experience, allowing users to perceive and interact with a highly realistic virtual environ-
ment. First, the core hardware device in VR technology is the head-mounted display
(HMD), which covers the user's visual perception and provides a panoramic virtual world,
allowing users to "enter" the virtual environment [4]. With an HMD, users experience a
high level of immersion and can perceive objects, scenes, and movement trajectories
within a three-dimensional space. The HMD integrates high-definition display technol-
ogy, focus adjustments, and tracking systems, ensuring that the visual information in the
virtual environment is synchronized with the user's head movements, enhancing interac-
tivity. Next, motion capture devices are an indispensable part of Virtual Reality technol-
ogy. These devices track the user's actions and position, converting physical movements
into interactive commands within the virtual environment. Motion capture devices use
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sensors, cameras, or accelerometers to precisely capture movements such as hand gestures,
body posture, and head turns, transmitting this data in real time to the computational
platform, which allows the virtual environment to respond accordingly. Input devices,
such as handheld controllers or gloves, help users interact with objects in the virtual en-
vironment. These controllers typically feature buttons, touchpads, and sensors that detect
user touch and motion, wirelessly communicating with the computational platform, al-
lowing users to perform actions like selecting, dragging, or moving virtual objects [5].
Haptic feedback and force feedback functions make interactions more realistic and natural.
The computational platform is responsible for processing real-time data from all devices,
rendering and calculating the virtual environment. High-performance graphics pro-
cessing units (GPUs) and central processing units (CPUs) are key to delivering a smooth
virtual experience. The computational platform processes user inputs, movements, and
real-time changes in the environment to ensure that the virtual environment updates and
responds in real-time. Additionally, image processing technology is fundamental to the
VR experience. It renders the visual elements of virtual objects, scenes, and lighting effects,
generating high-quality images that provide realistic visual effects. Efficient image pro-
cessing ensures that the virtual world's details are accurately displayed, enhancing im-
mersion.

Figure 1 shows the comparison between Virtual Reality and augmented reality (AR)
technologies. It clearly highlights that Virtual Reality presents digital content by replacing
the real environment, while augmented reality overlays digital content onto the user's real
environment, enhancing interactivity and visibility. The composition of Virtual Reality
focuses more on fully immersing the user in a virtual world, whereas augmented reality
integrates digital elements into the user's actual environment to create a new interactive
experience [6].

VR AR

Replacing Enhancing
Your environment Your environment
with digital content with digital content

Figure 1. Comparison of Virtual Reality and Augmented Reality.

3. Based on Virtual Reality Technology Digital Media Interaction Design
3.1. The Impact of Virtual Reality on Interaction Design

The emergence of Virtual Reality (VR) technology has greatly propelled the transfor-
mation of digital media interaction design. From traditional flat displays to immersive
three-dimensional environments, VR provides users with a more intuitive and natural
way to interact. This shift has not only influenced how users interact with content but has
also profoundly impacted the fundamental principles and methods of interaction design

[7].
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Figure 2 illustrates the different levels of VR application in interaction design, includ-
ing Desktop-based VR, Semi-Immersive Virtual Reality (Semi-Immersive VR), and Im-
mersive Virtual Reality Interactive Environment (IVRIE). Each application environment
requires different interaction methods and devices, thus significantly affecting the inter-
action design requirements. In desktop-based VR, users interact with the virtual world
through a mouse, keyboard, and screen. This is referred to as semi-immersive VR, where
users can view virtual models, but the interaction with the environment is relatively lim-
ited, primarily visual, lacking comprehensive spatial and physical perception [8]. As a
result, interaction design in this environment often focuses more on the interface and in-
formation display, emphasizing clarity and usability within the screen space. With the
development of VR technology, Immersive Virtual Reality Interactive Environment
(IVRIE) has emerged, which allows users to interact with the virtual world using ad-
vanced headsets, controllers, and sensors. In this environment, Virtual Reality is no longer
just a visible world; users can interact with the environment in real-time through hand
movements, head turns, and body movements. This significantly enhances the interaction
between users and the virtual world, turning users from passive observers into active par-
ticipants. Designers need to consider factors such as spatial perception, dynamic interac-
tion, and natural feedback mechanisms, ensuring that virtual objects align precisely with
users' movements and preventing delays or unnatural responses that would affect the
immersive experience. Additionally, Figure 2 highlights the evolution of VR devices, par-
ticularly the transition from traditional screen and mouse interaction to more complex
devices, such as VR headsets (Oculus VR) and sensor controllers. This change has a pro-
found impact on interaction design. Designers now need to consider not only users' visual
experiences but also how to enhance the naturalness and fluidity of interactions through
tactile feedback, motion, and voice, integrating multi-sensory feedback. Immersive inter-
action requires designers to think multidimensionally about how users navigate in three-
dimensional spaces, understand and manipulate objects in the virtual world, and interact
in a simple and intuitive manner. VR technology also presents more intricate user experi-
ence design challenges. Designers must consider how to minimize user discomfort caused
by operation delays, complex interfaces, or unnatural interactions. VR interaction design
is not just about allowing users to "see" the virtual world; more importantly, it should
enable them to move freely, explore, and engage in natural actions and behaviors that
interact with the virtual environment. Overall, the impact of VR on interaction design is
profound, requiring designers to go beyond traditional two-dimensional interface think-
ing and embrace more immersive, dynamic, and natural interaction modes. With the con-
tinuous advancement of VR technology, interaction design will face more challenges and
opportunities, pushing digital media interaction design to higher levels of development

(9]
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Figure 2. Hierarchy of the Virtual Reality Interaction Design Environment.
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3.2. Interaction Methods and User Behavior in Virtual Reality

One of the most prominent features of Virtual Reality (VR) technology is its ability to
offer a richer and more diverse range of interaction methods compared to traditional two-
dimensional interfaces. As VR hardware and software technologies continue to evolve,
the ways users interact with virtual environments are no longer limited to traditional in-
put devices such as the mouse and keyboard, but instead use multiple sensory inputs,
including head movements, gestures, voice commands, and eye tracking. These natural
and intuitive interaction methods greatly enhance users’ sense of immersion and engage-
ment. This shift not only increases user interactivity but also presents new challenges and
opportunities for designers. In VR, the head-mounted display (HMD) is one of the core
devices that capture users’ head movements through head tracking technology, which
alters the viewpoint and direction within the virtual world. Users can turn their head or
look up to view different angles or directions in the virtual environment. This head move-
ment-based interaction method makes exploring the virtual world more natural and intu-
itive. Unlike traditional mouse clicks, head tracking allows users to navigate and explore
the virtual environment freely, much like in the real world. This natural adjustment of
perspective greatly enhances immersion and improves users’ spatial awareness. Gesture
control is another important interaction method in VR. With specialized hand tracking
devices or handheld controllers, users can perform various actions in the virtual environ-
ment, such as grabbing objects, pushing, rotating, or completing specific tasks. For exam-
ple, VR gloves and controllers can capture users” hand movements and translate them into
virtual actions. Gesture interactions not only increase users’ sense of intimacy and engage-
ment with the virtual environment but also make the operation more intuitive and aligned
with natural human behavior. Through gestures, users can interact with virtual objects
and perform more complex tasks, such as drawing, building, or controlling gameplay. Eye
tracking technology is a significant innovation in Virtual Reality, capable of accurately
capturing users’ eye movements and focus points. With eye tracking, the system can ad-
just interface displays, focal points, or the interaction with virtual objects based on users’
gaze. For example, when a user’s gaze lingers on an object, the system can automatically
display more information or magnify it. This gaze-based interaction not only improves
operational efficiency but also provides personalized content presentation based on users’
visual focus, enhancing the precision and smoothness of interactions. The introduction of
voice recognition technology adds a new dimension to VR interactions. Users can interact
with the virtual environment through voice commands, eliminating the need for tradi-
tional controllers or gestures. For example, users can start applications, adjust settings,
select menu items, or converse with virtual characters via voice. Voice interaction makes
operations more convenient and intuitive, especially when users cannot directly manipu-
late the device with their hands. Voice commands provide quick feedback and operation,
making interaction in the virtual world more natural and reducing dependence on phys-
ical input devices, thereby enhancing the immersive experience. Virtual Reality interac-
tion methods are not only a combination of input devices and control mechanisms but
also rely on real-time responses from the virtual environment to users” behavior. In VR,
users’ actions and movements (such as moving, watching, and interacting) directly affect
the state of the virtual world, and the system provides real-time feedback, allowing users
to perceive the results of their actions. For instance, when users touch a virtual object, the
system might provide haptic feedback, visual feedback (such as object movement or color
change), or auditory feedback (such as sound or physical effects). This feedback mecha-
nism enhances users’ sense of participation and control, improving the quality of interac-
tion with the virtual world. In conclusion, interaction methods and user behavior in Vir-
tual Reality are mutually influencing and promoting. As VR technology continues to de-
velop, users’ interaction with virtual environments will become richer, more natural, and
more efficient. Future VR systems will offer more immersive, personalized experiences
through more precise perception technologies and smarter interaction methods, driving
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digital media interaction design toward more diversified and user-centered approaches
[10].

4. Challenges and Prospects

Virtual Reality (VR) technology holds immense potential in digital media interaction
design, but it still faces numerous challenges during its widespread application. Both tech-
nical and design difficulties may affect the popularization and development of Virtual
Reality. To achieve a more realistic, smooth, and convenient Virtual Reality experience,
addressing these issues will be key to future development. First, the technological chal-
lenges faced by Virtual Reality are primarily centered around hardware performance lim-
itations. Currently, VR systems require powerful computing capabilities, particularly in
image rendering and real-time data processing. The display effects of VR devices, motion
tracking accuracy, and the fluidity of interactions in the virtual world all demand high-
performance hardware. However, even high-end VR devices still face issues such as la-
tency and frame rate problems, which affect immersion and user experience. The immer-
sive effect of Virtual Reality requires the system to respond instantly to every user move-
ment. If the response time is too long or there is lag in image rendering, the user experi-
ence is severely compromised. In addition to computing power, the comfort of VR devices
also needs improvement. Most current headsets are relatively heavy, causing visual fa-
tigue and neck discomfort with extended use. Therefore, developing lighter, more ergo-
nomic devices that improve comfort and adaptability is an area for future technological
breakthroughs. Another technical challenge is the precision of motion tracking. VR sys-
tems need to accurately capture and analyze each user movement to ensure precise re-
sponses from the virtual world. Although sensors and motion capture devices are already
available, maintaining high-precision real-time tracking in complex interaction scenarios
remains a technological challenge. Especially during fast movements or multiplayer in-
teractions, tracking errors may affect the overall VR experience. Enhancing the precision
and speed of sensors will help achieve more accurate interaction results. Apart from hard-
ware and technology, Virtual Reality also faces significant challenges in design. Com-
pared to traditional two-dimensional interaction design, VR design involves three-dimen-
sional spaces and more complex interaction methods. Designers need to create user inter-
faces that are easy to understand and operate within the virtual world while ensuring
these interfaces align with users' natural modes of interaction. In Virtual Reality, users
interact with the system through head movements, gestures, and eye tracking, among
other methods. Effectively integrating these diverse input methods into a seamless inter-
face remains a major design challenge. Additionally, balancing immersion and comfort
within the virtual environment is critical. While adding details in the virtual world can
increase immersion, excessive visual effects and interaction models may lead to user dis-
comfort, such as visual fatigue or dizziness. Therefore, designers must account for users'
physiological responses and avoid over-stimulation. Creating content for Virtual Reality
is also a complex task. Unlike traditional media content creation, VR not only requires
designing images but also creating interactive experiences and dynamic environments.
VR design must consider how to build a realistic three-dimensional space and design the
interaction flow, physical engine, and feedback mechanisms within it. This process re-
quires high technical expertise and creative patience from designers. Furthermore, the
cost of VR content creation is relatively high, involving model creation, dynamic render-
ing, and complex interaction design. Improving the efficiency of content creation while
reducing costs is a critical issue for the widespread adoption of Virtual Reality. Despite
the numerous challenges, the prospects for Virtual Reality technology remain promising.
As hardware performance improves, sensor precision increases, and computational
power continues to advance, VR will provide more realistic, immersive, and interactive
user experiences. The application prospects for VR are vast across various industries, es-
pecially in entertainment, education, healthcare, and engineering design, where VR can
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bring about revolutionary experiences. In the entertainment industry, VR can provide im-
mersive gaming and movie experiences; in education and training, it can create more in-
teractive learning environments; in healthcare, VR helps doctors with surgical simulations
and patient rehabilitation training. As 5G technology develops, VR's real-time and inter-
active capabilities will be further enhanced, and more application scenarios will gradually
mature. In the future, VR will not only enhance the effectiveness of existing applications
but will also penetrate into more new industries, such as virtual shopping, remote work,
and virtual social interactions. VR will change how people work, learn, and entertain,
blurring the line between the digital and physical worlds, and creating a smarter, more
interactive future. With continuous technological and design innovations, the application
of Virtual Reality will become more widespread, further enhancing the digital experience
for humanity.

5. Conclusion

Virtual Reality technology has become an essential component in digital media inter-
action design, offering unique immersion, interactivity, and real-time performance, which
provides users with unprecedented experiences. By fully replacing or enhancing the vis-
ual, auditory, and tactile perceptions of the real world, VR not only changes how users
interact with digital content but also drives innovation and development across various
industries. From entertainment and education to healthcare and industry, VR technology
is gradually maturing, showing immense application potential. However, the widespread
application of VR technology still faces several challenges. Technically, hardware perfor-
mance limitations, latency and frame rate issues, and motion tracking precision still con-
strain the improvement of the VR experience. In terms of design, balancing immersion
and comfort, designing intuitive and natural interaction methods, and reducing the com-
plexity of content creation are challenges VR must overcome. Nevertheless, with advance-
ments in computational power, hardware innovations, and the evolution of design think-
ing, the VR experience will continue to improve and break through current limitations.
Looking ahead, the future development of Virtual Reality technology is filled with prom-
ise. As technology continues to advance, VR will gradually become a more integral part
of daily life and work. Especially in emerging fields such as remote work, virtual social-
izing, and virtual shopping, VR will provide users with smarter, more interactive, and
more convenient digital experiences. With the integration of 5G and artificial intelligence,
VR will have even broader development space and may profoundly change the opera-
tional models of various industries. In summary, Virtual Reality technology has opened
up new frontiers for digital media interaction design, bringing endless possibilities. Alt-
hough many challenges remain, as technological innovation and application expansion
continue, the potential of Virtual Reality will be fully realized, making it a key component
of the digital world in the future.
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