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Abstract:

With the continuous progression of computer software and hardware technologies, particularly 3D engine
technology, interactive virtual simulation technology has achieved an increasingly realistic emulation of the
physical characteristics of the real world. It has consequently found extensive applications across diverse fields,
including gaming, military, and industrial sectors. China, being a significant global force in automobile
research, development, production, and manufacturing, has consistently exhibited a robust demand for
automotive industry professionals. In an endeavor to cultivate applied undergraduate talents commensurate
with the requirements of China's automotive sector, we have initiated the introduction of virtual simulation
technology into automotive engineering education and established a virtual simulation experimental teaching
center. This center is structured into three integral components: a teaching hub, a research and innovation
nexus, and an experiential facility. Specifically, it encompasses a new energy vehicle virtual simulation
platform, a VR walking platform, and a creative development platform. These platforms are empowered to
conduct a variety of experimental undertakings, such as intelligent connected vehicle algorithm virtual
simulation testing experiments, vehicle power performance testing experiments, new energy electric vehicle
structure and principle training simulations, and new energy vehicle powertrain assembly simulation training.
Following over two years of pedagogical implementation, the virtual simulation experimental teaching center
has garnered unanimous acclaim from both faculty and students. It has effectively buttressed the college's
educators and learners in executing teaching reforms and engaging in subject competition activities related to
new energy vehicles, thereby making a substantial contribution to the development of automotive education.
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INTRODUCTION

Virtual simulation technology, facilitated by computer systems, engenders realistic virtual environments that
emulate a spectrum of real-world scenarios and processes. This technology finds extensive application across
diverse sectors, including gaming and entertainment [1], military operations [2], medical training [3], architectural
planning [4], and industrial manufacturing [5]. Its utility extends beyond mere efficiency enhancement and cost
reduction; it also affords a safer and more controlled environment for testing and training purposes.

Within the automotive sector, virtual simulation technology has become increasingly pivotal. It is instrumental
during the design and development stages, enabling engineers to conduct virtual design and testing of vehicles[6].
This encompasses the simulation of performance metrics, collision safety, aerodynamics [7], and additional
factors within a controlled virtual setting. Such an approach not only enhances the efficiency of research and
development but also mitigates the costs and timelines associated with the production of physical prototypes.

In the domain of driver training, simulated drivers have become a prevalent tool. Virtual simulation allows trainees
to encounter a variety of road and weather conditions [8], as well as emergency scenarios, without the need for
actual vehicular operation. This method significantly bolsters their driving proficiency and awareness of safety
protocols. Furthermore, in the advancement of autonomous driving technologies, virtual environments play a
crucial role. They simulate intricate traffic scenarios [9,10], offering a robust testing ground for autonomous
driving systems. Prior to real-world road testing, developers can comprehensively validate the efficacy of their
autonomous driving algorithms, thereby diminishing the likelihood of safety hazards.

Hence, to nurture applied undergraduate talents aligned with the demands of China's automotive industry, the
integration of virtual simulation technology within the automotive engineering curriculum is deemed essential.
My department, the School of Automotive and Transportation, encompasses two undergraduate programs
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pertinent to the automotive domain: Automotive Service Engineering and Vehicle Engineering. Both programs
incorporate virtual simulation courses into their curricula. Through extensive educational practice and innovation,
virtual simulation technology has demonstrated significant success in curriculum development and talent
cultivation. The technology's impact is primarily evident in the following areas:

Enhancing the efficacy of practical training is crucial. Constraints in the availability of venues and equipment
result in limited opportunities for students to engage in real-life operational scenarios, which, coupled with their
initial lack of proficiency, leads to extended training durations and suboptimal educational outcomes. Integrating
virtual simulation experiments into the curriculum prior to real-world training sessions can mitigate these issues.
Virtual simulation experiments offer students unlimited opportunities for repeated practice without the need for
physical equipment, making them an ideal platform for a large student cohort to engage in virtual exercises [11].
Once students have become proficient with the operational aspects of equipment within the virtual environment,
the transition to practical training in real scenarios can significantly reduce training time and enhance the overall
effectiveness of the training program.

Enhancing the learning experience and deepening students' comprehension and retention of automotive
knowledge is paramount. Virtual simulation technology offers an immersive educational environment, facilitating
a more intuitive grasp of complex operational procedures and theoretical concepts associated with automobiles.
This is achieved through interactive scenarios and the provision of real-time feedback, which are instrumental in
bolstering students' understanding and engagement with the subject matter [12].

Significantly mitigating security risks is a critical advantage of virtual simulation in the automotive industry.
Operating certain devices in real environments can pose inherent risks. Virtual simulation technology enables
students to perform a multitude of complex tasks within a controlled virtual setting, thereby circumventing the
hazards associated with actual operational scenarios.

Achieving personalized learning is a significant benefit of virtual simulation systems. These systems allow for the
customization of educational content in accordance with individual students' learning progress and capabilities.
By offering tailored training plans, virtual simulation systems enhance the efficacy of learning outcomes, catering
to the diverse needs of each student.

OVERVIEW OF VIRTUAL SIMULATION TECH DEVELOPMENT

Virtual simulation technology employs computer-based methodologies to create a virtual environment that
emulates the physical laws, behaviors, and interactions found in the real world. This environment facilitates user
immersion, enabling them to conduct a range of operations and experiences [13-15]. By integrating various
technological modalities, including Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR),
virtual simulation technology delivers a comprehensive sensory experience that encompasses visual, auditory, and
tactile modalities.

The genesis of virtual simulation technology dates to the 1960s, with American computer scientist Ivan
Sutherland's pioneering development of the first Head Mounted Display (HMD). This innovation established the
groundwork for subsequent advancements in virtual reality technology. During the 1970s and 1980s, the
application of virtual simulation technology was predominantly within the military and aerospace sectors, utilized
for pilot training and spacecraft simulation. The 1990s marked a period of swift evolution for virtual simulation
technology, propelled by the exponential growth in computer technology.

Since the advent of the 21st century, the proliferation of mobile devices, including smartphones and tablets, has
steered the evolution of virtual simulation technology towards these platforms. The advent of augmented reality
(AR) and mixed reality (MR) technologies has significantly broadened the application spectrum of virtual
simulation. The convergence of virtual simulation with the Internet, big data, and artificial intelligence (Al) has
resulted in a more intelligent and personalized user experience. This is exemplified by the emergence of
applications such as online virtual laboratories and virtual tourism. Additionally, virtual reality devices are
increasingly being commercialized, with products like gaming helmets and data gloves making their way into the
consumer market.

299
Vol: 2025 | Iss: 1] 2025



Computer Fraud and Security
ISSN (online): 1873-7056

The essence of virtual simulation technology lies in the 3D engine, a critical software component or system that
facilitates the functionality and tools required for virtual simulation software. A 3D engine, alternately referred to
as a 3D graphics engine or 3D game engine, is responsible for rendering and displaying three-dimensional images
on the screen through the computation of intricate mathematical and geometric algorithms. Its primary functions
encompass graphic rendering, physical simulation, animation, scene management, scripting, and the provision of
programming interfaces. Notable examples of 3D engines include Unity [16], Unreal Engine [17], CryEngine,
and Source Engine, which have been extensively applied across various domains such as film production,
architectural visualization, virtual reality, and education.

Virtual simulation technology has become an integral component in the automotive industry, with broad
applications in research and testing. Notably, autonomous driving simulation testing software, such as Prescan
[18], VIRES VTD, and CARLA [19], is frequently employed in the development of Advanced Driver Assistance
Systems (ADAS) and intelligent vehicle systems. These tools facilitate the simulation of vehicle behavior under
various operating conditions using highly accurate physical models, thereby enabling the assessment of vehicle
performance without the necessity of actual road testing. Concurrently, in the domain of passive safety analysis
and collision simulation, software solutions like ANSYS [20], MADYMO [21], and PAM-CRASH [22] are
commonly utilized. These tools are adept at analyzing the complex structural issues of large deformation, rotation,
strain, and contact collisions [23] that arise during automotive impact events.

Virtual simulation technology extends beyond industrial applications to encompass educational domains,
including experimental teaching, instructional demonstrations, and virtual teaching environments. Within virtual
experiment platforms, students are enabled to perform a multitude of experimental procedures within a virtual
setting, unencumbered by temporal, spatial, or equipment constraints. These virtual laboratories offer realistic
experimental settings and apparatus, enhancing students' intuitive comprehension of experimental principles and
methodologies. Concurrently, educators can assign tasks, provide guidance during experiments, and assess
students' outcomes directly through the platform.

Educators may leverage virtual simulation technology to develop instructional demonstration materials, thereby
rendering abstract conceptual knowledge in a visually engaging and dynamic format. In the context of automotive
engine principles, for instance, virtual simulation technology facilitates the simulation of the entire engine testing
process, including the equipment and apparatus utilized in experimental procedures, effectively translating real-
world engine bench testing into a virtual setting. This approach not only significantly mitigates experimental costs
but also circumvents safety hazards. Moreover, for novices, the ability to repeatedly engage in training and
learning is particularly beneficial, conferring substantial practical and pedagogical value in supporting the
educational process and enhancing students' comprehension.

The construction of virtual teaching environments, exemplified by simulated automobile factory production
scenarios, facilitates an immersive educational experience, enabling students to virtually engage with the
dynamics of automotive manufacturing. This pedagogical approach not only bolsters students' interest and active
involvement in the learning process but also addresses the challenges associated with on-site internships in
environments that are either inaccessible or detrimental to health, such as in car painting and welding workshops.
Virtual simulation technology offers a virtual internship setting, where students can conduct operations and
practice, thereby gaining insights into the production processes and machinery operation within industrial settings.

In conclusion, the integration of virtual simulation technology within the realm of automotive engineering
education holds substantial significance. It enhances the quality and efficiency of teaching, diversifies the content
and methodologies of instruction, and fosters the development of students' practical skills and innovative thinking.
As technology continues to evolve and refine its capabilities, the potential applications of virtual simulation
technology in educational settings are poised to expand even further.

CHARACTERISTICS AND ADVANTAGES OF VIRTUAL SIMULATION TECHNOLOGY

Virtual simulation technology employs sophisticated graphics rendering, 3D modeling, and immersive techniques
such as Virtual Reality (VR) and Augmented Reality (AR) to construct highly realistic educational scenarios.
Concurrently, students are enabled to engage interactively within these virtual settings, interacting with virtual
elements through the use of controllers and gesture recognition technology. This interactive participation enhances
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their immersion in the learning process, thereby deepening their comprehension and retention of the subject
matter.

Conventional automotive experiments necessitate substantial investment in costly hardware, including actual car
engines and vehicle models, as well as specialized laboratory facilities and technical staff for maintenance. In
contrast, virtual simulation technology relies on computer software and a modest array of hardware components,
such as standard computers and VR headsets, to generate comprehensive experimental scenarios. Focusing on
automotive engineering, students are afforded the opportunity to conduct iterative operations and simulations
encompassing vehicle design, assembly, and performance testing within a virtual milieu, obviating the need to
procure multiple car models for educational purposes. This approach significantly diminishes the financial burden
on educational institutions regarding equipment acquisition, facility leasing, and maintenance. Moreover, it
expands practical learning opportunities for students, enhances the efficiency of educational resource allocation,
and aligns with the objective of achieving cost-effective and efficient education.

During virtual simulation-based learning, the system possesses the capability to monitor each student's operational
steps in real-time, evaluate their actions based on predefined rules and models, and subsequently offer feedback
on the outcomes of these operations. Furthermore, by continuously aggregating and analyzing student learning
data, virtual simulation technology can customize individualized learning trajectories for each student. For
students who exhibit rapid progress and a robust grasp of the material, the system can offer more advanced
learning tasks and an expanded knowledge base. Conversely, for those encountering learning challenges, the
system can provide targeted foundational exercises and comprehensive tutoring resources. This tailored approach
to learning can effectively address the diverse needs of students, empowering them to advance at their own pace
and optimize their educational achievements.

Leveraging the Internet and virtual simulation technology platforms, students and educators can engage in real-
time remote learning and collaborative interactions irrespective of their geographical locations. For instance, the
Chengdu Institute of Technology, with campuses in Chengdu and Yibin separated by approximately 300
kilometers, enables students from both locations to jointly participate in virtual simulation experiments or projects,
effectively functioning as a cohesive team within a virtual classroom. In initiatives such as the college student
equation competition, students from disparate campuses or institutions can collaborate on the virtual simulation
development platform to formulate design schemes, exchange ideas, and address issues promptly through online
discussion and communication tools, , as illustrated in Figure 1. Students who are unable to physically attend
campus due to exceptional circumstances can remotely access the virtual simulation learning platform and
participate in classroom activities in real-time, ensuring their academic progress is not impeded by geographical
or temporal constraints. This approach to remote collaboration and learning transcends the traditional boundaries
of education in terms of time and space, promoting equitable access to educational resources. It also bolsters
innovative educational development and cross-regional educational interactions, significantly enhancing the
flexibility and reach of educational opportunities.
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Figure 1. Schematic representation of the collaborative workflow utilizing a networked virtual simulation
platform

APPLICATION OF VIRTUAL SIMULATION TECHNOLOGY IN AUTOMOTIVE ENGINEERING
EDUCATION

As a newly established application-oriented undergraduate university, our institution has been consistently
dedicated to the construction and exploration of experimental teaching. Guided by the principle of integrating
reality with virtuality in a complementary manner, it manages to fulfill teaching functions that are either
unattainable or challenging to achieve in traditional real experiments. In scenarios entailing high-risk or extreme
environments, inaccessible or irreversible operations, exorbitant costs, high resource consumption, as well as
large-scale or comprehensive training requirements, it offers reliable, safe, and cost-effective experimental
projects.

The established Virtual Simulation Experiment Teaching Center is comprised of three distinct components: the
Teaching Center, the Research and Innovation Center, and the Experience Center. The Teaching Center is
equipped with 2 classrooms, 100 computers, and a virtual simulation platform dedicated to new energy vehicles.
It currently houses over 20 experimental projects and offers educational environments for various majors,
including vehicle engineering, automotive services, communication, and Internet of Things engineering. To date,
it has accommaodated 1931 students. The Research and Innovation Center is capable of devising experiments based
on pedagogical requirements and crafting bespoke software solutions for corporate clients. The Experience Center
is furnished with 2 sets of VR virtual reality equipment. Under the aegis of this center, faculty members have
successfully integrated 14 scientific research outcomes into experimental teaching curricula.

The virtual simulation platform for new energy vehicles is composed of six distinct layers, as depicted in Figure
2: the User Interface Layer (Ul), the Simulation Engine Layer, the Model Library Layer, the Data Management
Layer, the Input/Output Layer (1/0O), and the Hardware Driver Layer.
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Figure 2. System architecture of the virtual simulation platform for new energy vehicles
Virtual Simulation Platform for New Energy Vehicles

The Virtual Simulation Platform for New Energy Vehicles at our university is designed to support the educational
needs of students majoring in Vehicle Engineering, Automotive Service Engineering, Electronic Information
Engineering, Communication Engineering, and Internet of Things Engineering. This platform offers an extensive
curriculum with over 20 experimental modules, encompassing virtual simulation testing of intelligent connected
vehicle algorithms, automotive power performance testing, training simulations on the structures and principles
of new energy electric vehicles, and assembly simulation training for new energy vehicle powertrains. It
effectively addresses the challenges associated with high-risk, high-cost, and large-scale practical scenarios by
providing a safe, cost-effective, and scalable alternative for experimental learning.

The experimental center's diverse simulation teaching software resources are centralized on a virtual simulation
platform, facilitating access through a web interface for a broad student body, across various majors, and within
multiple schools. These resources are deployed not only for instructional purposes within the School of
Automotive and Transportation but also extend to other colleges within our institution. Students from different
schools can readily register and access the software for educational purposes. The platform's open sharing
capability greatly enhances the efficiency of resource utilization, thereby optimizing the social and economic
benefits inherent in these superior educational assets.

The virtual simulation platform has been developed utilizing 3D engine platforms, such as Unity and VeryEngine,
integrated with WebGL technology. This synergy results in a novel teaching and training experience characterized
by heightened realism, engagement, safety, and ease of use. The platform comprises several core functional
modules: a virtual simulation experimental software for intelligent connected vehicle algorithms; software for
automotive wind tunnel virtual simulation experiments; Virtual Simulation Training Software for the Final
Assembly Workshop in Automotive Manufacturing Technology; and a system for the testing and maintenance of
power batteries in new energy vehicles. Additionally, it encompasses 11 experiments, including a virtual
simulation learning system focused on the structure and principles of new energy vehicles.

Consider the virtual simulation experiment of an automotive wind tunnel as a case study. This experimental
module is segmented into three distinct parts: 'Basic Cognition of Automotive Wind Tunnels,' "Typical Vehicle
Wind Tunnel Testing Experiment,' and 'Racing Car Aerodynamic Control Wind Tunnel Experiment.' Present an
overview of the fundamental principles of automotive wind tunnels in the virtual exhibit hall depicted in Figure
3. The foundational understanding of automotive wind tunnels encompasses six key areas: an introduction to
automotive wind tunnels, aerodynamics wind tunnels, acoustic wind tunnels, climate wind tunnels, the
developmental history of automotive wind tunnel technology, and the structural composition of automotive wind
tunnels. The 'Typical Vehicle Wind Tunnel Testing Experiment' illustrates the detailed operational procedures of
such experiments, while the 'Racing Car Aerodynamic Control Wind Tunnel Experiment' elucidates the principles
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and methodologies of aerodynamic optimization design. By virtualizing the aerodynamic performance of racing
cars under varying conditions, this module aids students and professionals in comprehending the significance of
aerodynamic elements in the design of racing cars. It also instructs them on how to augment the aerodynamic
performance of racing cars through shape and structural adjustments, thereby enhancing both speed and
maneuverability. Figure 4 illustrates the configuration of the wind tunnel test section, whereas Figure 5 presents
the testing scenario of the racing car within the wind tunnel.

R

Figure 5. Racing car aérodynamic testing in a virtual wind tunnel
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The automotive assembly simulation training platform system features workstations depicted on an interactive
map. Students are enabled to select a workstation from the map, navigating directly to the specified location and
accessing the workstation's interface, thereby enhancing their comprehension. The platform emulates a real-
world automotive assembly workshop environment, acquainting students with the workshop's layout and the
delineation of functional areas. It employs highlighted prompts to swiftly locate tools and components required
for specific operations. As the mouse cursor hovers over the respective tool positions, the names of the tools and
components are displayed, affording students a more vivid recognition of these items. Upon entering a
workstation, an informational popup appears in the lower left corner, providing an introduction to the
workstation and facilitating a more profound understanding of its functions. Figure 6 presents an overview of

the assembly workshop, Figure 7 illustrates the door installation process, and Figure 8 depicts the final assembly

2

process of the entire vehicle.

Figure 6. Presents the virtual assembly workshop

Figure 7. Car door installation procedure
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igure 8. Full vehicle assembly process
Virtual Reality Walking Platform

The Virtual Reality (VR) walking platform enhances the learning experience by integrating simplicity with
engagement. In educational settings, this platform utilizes an array of 3D animations, videos, and imagery,
facilitating independent student interaction and bolstering cognitive development. It enables students to tangibly
experience technological advancements and the immersive realism of virtual classrooms. Through VR-based
teaching, the platform vividly conveys concepts that may be less comprehensible through traditional methods,
thereby enhancing students' comprehension of educational material and aiding in the grasp of critical subjects.
The VR walking platform is equipped with a comprehensive suite of hardware, including VR headsets, controllers,
displays, and computers, complemented by safety measures designed to provide an immersive, first-person
perspective experience, as shown in Figure 9.

(a) VR experience platform (b) VR walking platform
Figure 9. depicts the physical VR devices

The Creative Development Platform

This plan introduces a 'zero starting point, open' creative platform, designed on a B/S (Browser/Server)
architecture, enabling the swift creation and development of digital resources without the need for programming
or downloads. This approach addresses the challenges associated with the 'last mile' and 'one-time project' issues.
The platform is capable of fulfilling diverse VR creation requirements across various scenarios. The Virtual
Reality (VR) development platform utilizes Excel-based text development technology, enabling the development
of virtual simulation software tailored to the practical training needs of different industries. These industries
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include, but are not limited to, cognition, experience, operation, maintenance, and virtual real interaction, all
without the requirement for traditional programming skills.

Assessment of Learning Outcomes and Results

Over the course of the past two years, through successive iterations of learning, students have progressively
attained proficiency in employing this innovative pedagogical approach. As depicted in Figure 10, among the 311
participating students, 75.6% completed all the virtual simulation training, and more than 80% achieved a training
completion rate exceeding 60%. Feedback from a subset of students indicated that the online training course
elicited significant engagement and a profound sense of active involvement. They noted that projects infeasible
to conduct in a traditional offline setting could be effectively realized through online simulation. This approach
affords ample opportunity for learners to grasp the intricacies of the training material without being constrained
by geographical or temporal limitations, thus facilitating access at any time and from any location.

N Fmigure 10. Status of simulation training completion

Table 1. Development of digital resources within the virtual simulation experiment teaching center

Types of Resources Online Educational Content Quantity
Automotive Construction, Automotive Professional
English, Structure and Principles of New Energy

Online courses Vehicles, Transmission System, and Engine 5
Disassembly and Assembly
Digital Textbooks Structure and Operating Principles of New Energy 1

Vehicles

The New Energy Vehicle Construction Virtual Simulation Experiment Teaching Center is established with the
objective of sustainable development. It focuses on the development and implementation of innovative virtual
simulation tools, fostering a team dedicated to creative construction within the center, and offering training
programs. The center aims to enhance the capacity for developing virtual reality educational resources, thereby
effectively addressing the pervasive issues of the 'last mile' and 'one-time project' challenges in the advancement
of high-quality digital resources within higher education institutions. The online courses and digital textbooks
provided are shown in Table 1. Additionally, through collaborative school-enterprise partnerships and shared
development models, the center provides industry and societal development services, fostering the integration of
educational curricula with industry needs and enabling self-generation and continuous upgrading of its
capabilities. Under the guidance of the center's leadership and leveraging its research and innovation platform, the
team actively engages in various competitions, achieving notable success, including multiple national awards in
competitions such as the 'National 3D Digital Innovation Design Competition' and the National College Student
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Intelligent Car Competition. Figure 11 shows students making their own Formula E racing cars during the
competition.

Figure 11. Student-designed formula E racing car

The center is strategically aligned with the burgeoning demand for advanced applied technical professionals in
the swiftly evolving automotive and transportation sectors. It integrates with the comprehensive automotive
industry chain and diverse transportation industries, developing a suite of virtual simulation experimental teaching
projects that incorporate state-of-the-art technologies such as vehicle networking, smart transportation, and
intelligent driving within the realms of automotive design, manufacturing, and application. The center is dedicated
to nurturing high-caliber applied talents in areas including automotive product development, manufacturing,
application, and transportation planning, control, and organization. Concurrently, the center offers vocational
training and industry assessments to the automotive and transportation sectors, thereby bolstering their
technological competitiveness and augmenting the center's broader influence. Additionally, the center actively
collaborates with enterprises in the development of virtual simulation projects, and the virtual simulation resources
developed are shared with neighboring institutions, including Yibin Vocational and Technical College, Sichuan
Vocational and Technical College of Transportation, and Chongging Institute of Technology.

CHALLENGES AND FUTURE TRENDS OF VIRTUAL SIMULATION TECHNOLOGY
Intrinsic Technological Challenges and Issues

In the domain of vehicular driving simulation, while it is possible to emulate a multitude of road conditions and
traffic scenarios, there remains a degree of inaccuracy when replicating subtle physical phenomena. This includes
the nuanced variations in the coefficient of friction between tires and diverse road surfaces, as well as the dynamic
responses of vehicle suspension systems to intricate road conditions. Regarding collision simulation in automotive
design, enhancing simulation precision is crucial. This involves the accurate depiction of complex physical
processes such as material deformation, energy absorption, and the injury assessment of crash test dummies during
collisions. The existing simulations may not capture every minute physical detail, which could potentially
influence the development of students' precise engineering acumen. For instance, accurately simulating the impact
of wind noise on the in-car acoustic environment during high-speed vehicular travel presents significant
challenges. This includes capturing the variations in sound under diverse vehicle speeds, distinct window
configurations (open or closed), and the auditory perceptions of both drivers and passengers.

Automotive virtual simulation software, typically a sophisticated and extensive engineering tool, necessitates the
processing of substantial data volumes. In the context of vehicle performance analysis, automotive design software
must concurrently manage data interactions across multiple systems, including powertrain, chassis, and body
components. This complexity can lead to software instability, manifesting as crashes or freezes. The demands on
server resources escalate significantly when multiple students engage with the online virtual simulation system
for collaborative automotive design. Insufficient server performance or network issues can severely compromise
system stability. For instance, during virtual assembly instruction in automotive education, students operating the
virtual assembly system remotely may face network latency or system failures. These issues can lead to misaligned
assembly components or incomplete operations, thereby degrading the educational experience.
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Considerations for Effective Implementation in Teaching
The concept of acceptance

Educators, particularly those accustomed to traditional pedagogical approaches, may exhibit resistance to the
integration of virtual simulation technology, a relatively novel educational instrument. This hesitancy stems from
concerns regarding the reliability and pedagogical efficacy of virtual simulation tools, with apprehensions that
virtual environments may not adequately supplant hands-on practical instruction. A case in point is the domain of
automotive maintenance education, where some instructors maintain that students can only achieve mastery of
repair techniques through direct engagement with the disassembly and repair of actual vehicle engines.
Consequently, these educators express dissatisfaction with the utilization of virtual simulation in maintenance
instruction, questioning its capacity to replicate the authenticity of real-world mechanical interactions.

Educators may encounter challenges when integrating technology into their teaching practices, particularly
concerning their proficiency in operating virtual simulation technologies. This concern arises from the potential
impact on the quality of instruction if they lack the necessary technical expertise. In the context of virtual
simulation experiments for intelligent connected vehicle algorithms, instructors' inadequate understanding of both
the underlying principles of these algorithms and the operational nuances of virtual simulation tools could impede
their ability to effectively facilitate student experimentation.

Student receptivity to virtual simulation technology exhibits individual variability. Certain students may harbor a
preference for traditional, hands-on teaching approaches, contending that authentic practical experiences are more
effectively acquired in actual settings. A pertinent example is automotive driving training, where some learners
perceive virtual driving simulations as lacking the intensity and authenticity of real-world driving, consequently
diminishing their engagement with virtual instruction. Furthermore, students may encounter resistance to virtual
simulation systems attributed to factors like system complexity or user-unfriendly interfaces, which can adversely
impact their learning outcomes.

The imperatives of teacher training in the context of virtual simulation technology

Educators are required to possess a comprehensive understanding of the fundamental operations of virtual
simulation software, encompassing key aspects such as modeling and performance analysis within automotive
design software. Moreover, for advanced virtual simulation technologies, including finite element analysis in the
context of vehicle collision simulations and the configuration of traffic agents in dynamic scenarios for
autonomous driving, a profound grasp of the underlying principles and adept application of these techniques is
essential for instructors.

Educators are also required to comprehend the integration of virtual simulation technology with teaching content.
Specifically, they need to know how to design virtual simulation teaching activities in accordance with teaching
objectives and utilize the feedback data derived from virtual simulation systems to assess students' learning
outcomes.

The advent of virtual simulation technology necessitates a corresponding evolution in pedagogical approaches.
Educators must acquire the skills to facilitate student engagement in self-directed and collaborative learning within
virtual settings. In the context of design project instruction, for instance, teachers must become proficient in
employing virtual simulation platforms to orchestrate group discussions, task allocation, and collaborative efforts
among students. Additionally, they must develop strategies to foster students' innovative thinking throughout the
virtual design process.

Curriculum provision

The seamless integration of virtual simulation teaching content within traditional automotive curricula presents a
significant pedagogical challenge. Virtual simulation technology is now utilized across various facets of
automotive courses, including driving training, design, and manufacturing. To ensure coherence and avoid
redundancy, a rational allocation of instructional time and content is imperative. In the context of automotive
engineering courses, it is crucial to identify the specific areas of vehicle kinematics simulation that virtual

309
Vol: 2025 | Iss: 1] 2025



Computer Fraud and Security
ISSN (online): 1873-7056

simulation teaching should emphasize within automotive dynamics modules. Furthermore, there is a need to
strategically integrate these simulations with conventional theoretical analysis and experimental teaching methods.

Developing a course evaluation framework that aligns with the nuances of virtual simulation teaching is an
essential challenge. The applicability of conventional assessment methods, including exams and practical
evaluations, may be limited in the context of virtual simulation instruction. New evaluation indicators should be
developed to assess students' performance in virtual driving, virtual design, and other processes. These indicators
could include their level of operational norms within virtual environments, their capacity to utilize virtual feedback
information, and the innovative aspects of their virtual design projects.

The Trend of Future Development
Technology integration

The integration of Augmented Reality (AR), Virtual Reality (VR), and Artificial Intelligence (Al) in automotive
education presents significant opportunities. In the domain of automotive maintenance teaching, AR technology
can be effectively employed. By overlaying virtual automotive parts maintenance guidance information onto real
automobiles, it enables students to acquire maintenance steps and crucial points more intuitively during practical
operations. VR technology, on the other hand, offers a highly immersive experience for car design and driving
training. For instance, in the context of car design, designers are able to directly manipulate and modify car models
within virtual three-dimensional space by means of VR devices. Simultaneously, Al technology can be harnessed
to analyze students' learning behaviors in virtual simulations, thereby providing personalized learning pathways
for them.

Advancing Interdisciplinary Integration through Virtual Simulation Technology in Automotive Education: The
employment of virtual simulation technology is instrumental in fostering interdisciplinary collaboration within
the automotive education domain. Beyond the realms of mechanical and electronic engineering, the automotive
field encompasses a spectrum of disciplines, including materials science, computer science, and ergonomics. A
case in point is the simulation application of innovative automotive materials, where material scientists and
automotive engineers must engage in a collaborative effort to leverage virtual simulation technology. This
collaboration is essential for assessing the impact of new materials on vehicle performance.

Towards cloud and sharing

The Future of Virtual Simulation Systems: Embracing Cloud Computing Paradigms. In the forthcoming era,
virtual simulation systems are poised to extensively incorporate cloud computing models, enabling both students
and educators to access cloud-based simulation platforms via the Internet, thereby eliminating the need for local
installation of extensive software and hardware infrastructures. These cloud platforms are capable of delivering
enhanced computational resources, which are pivotal for maintaining system stability and achieving high-fidelity
simulations. A case in point is the simulation of vehicle collisions, a process that demands substantial
computational power. Cloud platforms can harness the capabilities of cluster computing to expedite and accurately
fulfill simulation computations.

Facilitating Resource Sharing through Virtual Simulation: Educational institutions are positioned to leverage the
collaborative potential of virtual simulation resources. This sharing paradigm enables a diverse array of
institutions, including universities and vocational training centers, to pool resources such as virtual simulation
teaching cases and model repositories. Specifically, within the realm of automotive education, the sharing of
resources like automotive design case studies and driving training scenarios can lead to a significant reduction in
educational costs.

CONCLUSION

In summary, virtual simulation technology has played an important role in promoting automotive education.
Firstly, by providing a secure virtual environment, it enables students to repeatedly practice operations,
significantly improving their skill level, especially in complex operations and emergency response. Secondly,
virtual simulation technology enables students to engage in self-directed learning without time and space
constraints through innovative educational models, breaking the limitations of traditional education. Furthermore,
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virtual simulation technology can effectively reduce education costs, decrease the demand for high-value
equipment and training venues, and enable more efficient utilization of teaching resources.

Future Research Directions in Virtual Simulation Technology: Integrating with Advanced Educational Modalities.
Subsequent research endeavors should concentrate on the convergence of virtual simulation technology with other
cutting-edge educational technologies. This includes the amalgamation of artificial intelligence, particularly large
language models, augmented reality (AR), big data analytics, and other innovative technologies. Such integrations
aim to augment the interactivity, personalization, and real-time feedback capabilities of virtual simulation systems.
Furthermore, investigating the role of virtual simulation across diverse educational paradigms and advocating for
interdisciplinary collaborative pedagogies will be instrumental in fostering more efficient and adaptive
educational innovations. These advancements are poised to position virtual simulation technology as a formidable
instrument for skill development and to significantly reshape the overarching structure and trajectory of future
educational frameworks.
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