Construction and Application of a Digital Twin
Technology Teaching Platform for Computer Science

Yanyan Cao

Xijing University, Xi'an, 710123, China
*Corresponding Email: cyy647@126.com

Abstract: With the continuous development of digital technology, digital twin technology, as an emerging
frontier technology, is demonstrating enormous application potential across various industries. By
creating virtual mappings of the real world, it provides strong support for system optimization and
decision-making. In computer science education, how to effectively introduce digital twin technology to
enhance students' theoretical literacy and innovative ability has become one of the core tasks of current
educational reform. This paper proposes a design scheme for a digital twin technology teaching platform
aimed at computer science students, providing a learning platform that integrates virtual simulation,
real-time data interaction, and system modeling. Firstly, this paper discusses the core concepts, key
technologies, and development trends of digital twin technology. Then, it analyzes the application needs
of digital twin technology in computer science education and clarifies the functional requirements of the
teaching platform. Finally, based on the demand analysis, the platform's design architecture and
technical implementation are proposed, and innovative teaching models are explored. The research
results show that the digital twin technology teaching platform can effectively promote the reform of
computer science education and enhance students' innovative thinking and system analysis abilities.
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Introduction

Since its introduction, digital twin technology has become one of the key technologies driving the
development of intelligent manufacturing, the Internet of Things, smart cities, and other fields. By
establishing a "digital twin" corresponding to the real world in a virtual environment, it can monitor and
optimize the status and behavior of physical entities in real time. With the continuous advancement of
information technology, the application of digital twin technology has gradually penetrated multiple
disciplines and industries, particularly in the field of computer science, where its potential is immense.
In computer science education, students are required not only to master solid theoretical knowledge but
also to possess strong system analysis abilities and innovative awareness. However, traditional teaching
methods face problems such as the disconnection between theory and practice, limited teaching content,
and the difficulty of stimulating students' innovative thinking. Therefore, constructing an innovative
teaching platform can provide students with a richer learning experience and help them better understand
and apply emerging technologies through virtual simulations and real-time data interaction.

1. Overview of Digital Twin Technology
1.1 Definition and Core Concepts of Digital Twin Technology

Digital twin technology is a technique that achieves accurate simulation and intelligent analysis of
physical entities in a virtual environment through bidirectional mapping and real-time data interaction
between digital models and physical entities. It is not just a digital representation of physical entities but,
more importantly, enables real-time monitoring, optimization decision-making, and prediction by
synchronizing data between virtual models and actual physical objects. The core concepts of digital twins
include virtual models, real-time data collection, feedback mechanisms, and closed-loop control. Virtual
models are digital reproductions of physical systems; real-time data collection relies on Internet of Things
(IoT) technology to gather data from the physical world; feedback mechanisms provide real-time
decision support through data analysis; and closed-loop control adjusts the operating status of the



physical world through the feedback system.
1.2 Key Technologies of Digital Twin

The implementation of digital twin technology relies on several key technologies. First, Internet of
Things (IoT) technology is used to collect real-time data from physical entities through sensors, wireless
communication, and other means. Big data and cloud computing technologies offer powerful data storage
and computing platforms, enabling digital twins to process and analyze vast amounts of data, supporting
real-time feedback and optimized decision-making. Artificial intelligence (AI) and machine learning
(ML) algorithms primarily perform data pattern recognition and predictive analysis in digital twins,
enhancing the system's self-learning ability. Simulation and modeling technologies provide the
foundation for constructing virtual models of digital twins, requiring accurate mathematical models and
complex computational processes to ensure that the virtual model realistically reflects the behavior of
physical entities. Edge computing reduces data transmission delays by deploying computing power near
the data source, thereby improving the real-time nature and response speed of digital twin systems.

1.3 Development and Application Trends of Digital Twin Technology

Since the introduction of digital twin technology, its applications have gradually expanded from the
early fields of aerospace and manufacturing to smart cities, intelligent transportation, healthcare, and
other areas, showing immense potential. Currently, the development trends of digital twin technology are
focused on intelligence and autonomy, interdisciplinary integration, large-scale deployment and
integration, and more. With the advancements in artificial intelligence and machine learning, future
digital twin systems will possess stronger adaptive optimization abilities, automatically adjusting
operational strategies based on real-time data to make more efficient decisions. The application of digital
twins across disciplines is also increasing, as the technology not only integrates with physical, mechanical,
and electronics fields but also combines with emerging technologies such as 5G and virtual reality
(VR)/augmented reality (AR), forming more complex application scenarios. The scope of digital twin
applications is evolving from single systems to large-scale, cross-domain intelligent ecosystems, where
the collaboration between multiple systems will promote its broader application. Particularly in the
education sector, digital twin technology provides innovative methods for disciplines such as computer
science, enhancing students' practical abilities and innovative thinking through virtual simulation and
real-time interaction technologies, thus driving the transformation of educational models!'!.

2. Demand Analysis for the Digital Twin Technology Teaching Platform
2.1 Demands and Challenges in Computer Science Education

Computer science education is facing a contradiction between the rapid development of technology
and the insufficient practical abilities of students. With the continuous advancements in technologies
such as Artificial Intelligence (Al), the Internet of Things (IoT), Big Data, and Cloud Computing, the
content of computer science education is constantly expanding. Students not only need to master solid
foundational theoretical knowledge but also must possess strong abilities in system analysis, solving
complex problems, and interdisciplinary collaboration. However, traditional teaching methods often
focus on theoretical knowledge transfer and lack sufficient practical components, leading to students’
inability to develop solutions when faced with real-world engineering problems.

Moreover, the pace of technological updates in computer science is very fast, and students need to
constantly engage with emerging technologies to stay in line with industry demands. The current
computer science education system often fails to timely introduce new technologies, especially highly
integrated and complex frontier technologies like digital twin technology, for which a comprehensive
teaching support system has yet to be established. Therefore, how to effectively integrate digital twin
technology with the existing teaching model to enhance students’ innovative ability and practical skills
is an important challenge faced by current computer science education 21,

2.2 Functional Requirements of the Digital Twin Technology Teaching Platform
The teaching platform based on digital twin technology should provide several functions that meet

the demands of computer science education. First, the platform should offer a virtual simulation
environment that enables students to simulate and explore the applications of digital twin technology



without physical entities. This simulation environment should support the creation and adjustment of
various digital models and provide real-time feedback on students’ actions, thus forming a closed-loop
learning experience.

Second, the platform must support big data collection and real-time analysis. Since digital twin
technology relies on IoT and real-time data interaction, the teaching platform should be able to integrate
physical data sources and transform them into data streams for simulation analysis. Additionally, the
platform needs to incorporate powerful data analysis tools to support students in processing, modeling,
optimizing, and predicting data, thereby cultivating their data processing abilities 1.

Third, the platform should have visualization capabilities, allowing it to display real-time changes
and analysis results of digital twin models through graphical interfaces. This visual design not only helps
students intuitively understand the operation and behavior of complex systems but also enhances their
sense of immersion in the virtual environment, improving engagement in the learning process.

Finally, the platform should support team collaboration and interdisciplinary interaction. Digital twin
technology is inherently interdisciplinary, involving fields such as computer science, physics, and
engineering. Therefore, the teaching platform must support online collaboration among multiple users,
enabling students from different disciplinary backgrounds to work together on projects and share
knowledge and real-time feedback through the platform.

2.3 Demand Analysis for Teachers and Students in the Teaching Platform

For teachers, the digital twin technology teaching platform needs to provide abundant teaching
resources and teaching management tools. Teachers should be able to easily create teaching cases and
simulation experiments through the platform and adjust teaching content and methods based on students'
learning progress and performance. The platform should also offer data analysis and assessment tools to
help teachers track students' learning outcomes and provide personalized guidance. Through the platform,
teachers can monitor students’ issues during the simulation process in real time and offer targeted
solutions 41,

For students, the primary requirement for the digital twin technology teaching platform is interactivity
and operability. Students need to perform hands-on operations within the platform, personally
constructing and adjusting digital twin models, simulating system behaviors, and analyzing results.
Therefore, the platform needs to provide an intuitive and user-friendly interface, helping students quickly
get started, while also supporting progressive learning paths. The platform should encourage students to
engage in independent exploration, offering an open experimental environment that encourages them to
identify problems, form hypotheses, validate them, and propose improvements.

Furthermore, the platform should provide personalized learning support. Since students vary in
learning progress and comprehension abilities, the teaching platform should offer personalized learning
paths and guidance based on students' learning data and feedback. The platform should also support
collaboration and interaction among students, fostering teamwork and interdisciplinary communication
skills.

Through the analysis of the demands in computer science education, the functional requirements of
the digital twin technology teaching platform, and the needs of both teachers and students, this paper
provides a theoretical foundation for the subsequent design of the teaching platform. By meeting these
demands, the digital twin technology teaching platform can effectively enhance students' overall quality
and promote the innovation and development of teaching models.

3. Design and Construction of the Digital Twin Technology Teaching Platform
3.1 Platform Architecture Design

The architecture design of the digital twin technology teaching platform should possess high
scalability, flexibility, and ease of maintenance. The platform's architecture can be divided into three
main layers: the data layer, service layer, and application layer.

The data layer is the foundation of the platform. It is responsible for acquiring, storing, and processing
data obtained from physical devices, sensors, and external systems. This layer utilizes IoT technology,
sensors, and edge computing devices to ensure the timeliness and accuracy of the data. The data from
physical entities is transmitted to the platform via a network, where it undergoes preliminary processing



and categorization.

The service layer is the core of the platform and is responsible for further analysis and processing of
the data. This layer relies on cloud computing and big data technologies, using distributed storage
systems for data management, and leveraging efficient data processing algorithms such as machine
learning and deep learning for data mining and pattern recognition. Additionally, the service layer is
responsible for scheduling and regulating the platform's computing resources, providing high
computational power to support virtual simulation and large-scale data processing.

The application layer is the user interface layer, offering operational interfaces for users such as
students and teachers. This layer implements the visualization and interactive design of platform
functions, including the display of virtual simulation environments, the construction and adjustment of
digital twin models, and the execution of experimental tasks. The application layer of the platform should
feature a user-friendly interface and workflow, enabling students to quickly get started, while providing
teachers with rich teaching management tools [,

The focus of the architecture design lies in the efficient management of data flow and the elastic
scheduling of computing resources, ensuring that the platform can remain stable and efficient when
dealing with large-scale data and highly complex computational tasks.

3.2 Core Modules and Technical Implementation

The core modules of the digital twin technology teaching platform include the virtual simulation
module, data collection and processing module, digital twin modeling module, and real-time feedback
and analysis module. The design of each module should align with the overall objectives of the platform,
supporting the learning needs of students and teaching goals.

The virtual simulation module is a key part of the platform, providing a visual simulation environment
by creating digital models corresponding to real-world physical systems. Students can adjust parameters
within the virtual models to simulate the system's behavior under different conditions and observe the
resulting changes in real time. This module employs high-performance graphics processing technologies
and real-time rendering engines to ensure the smoothness and realism of the simulation process.

The data collection and processing module relies on IoT devices and sensor technology for real-time
data collection. The core task of this module is to gather multidimensional data from the physical world,
such as environmental and equipment data, which is then pre-processed and transmitted to the platform
in real-time. Data processing techniques, such as data cleaning, noise reduction, and feature extraction,
ensure the accuracy and reliability of the data.

The digital twin modeling module is responsible for constructing virtual digital twin systems based
on the collected data and mathematical models. This module requires the integration of advanced
modeling tools and algorithms, such as multibody dynamics modeling and finite element analysis (FEA),
to ensure the accuracy and dynamic adaptability of the virtual models. By combining real-time feedback
mechanisms from the physical world, students can experiment, debug, and optimize within the virtual
environment.

The real-time feedback and analysis module processes the interactive data generated by students
during platform use and provides real-time feedback through data analysis tools. This module can also
incorporate Al and machine learning algorithms to intelligently analyze students' learning progress,
offering personalized teaching suggestions to teachers. Additionally, the module can automatically
generate reports based on students' experimental data, helping teachers understand students' performance
and progress in the experiments.

In terms of technical implementation, the platform’s back-end adopts cloud computing and big data
technologies, ensuring fast data processing and storage through efficient distributed storage and
computing platforms. On the front-end, technologies such as WebGL and OpenGL are used for high-
quality virtual simulations, and HTMLS and JavaScript technologies are employed to implement the
platform's interactive interface [,

3.3 Teaching Model and Platform Interaction Design
The design of the digital twin technology teaching platform should not only focus on technical

implementation but also integrate innovative teaching models to ensure the platform truly enhances
teaching effectiveness and meets students' learning needs. The platform's interaction design should be



user-centered, emphasizing the convenience of operation and the expandability of functions.

In terms of the teaching model, the platform supports project-based learning as the core, encouraging
students to gradually master the applications of digital twin technology through simulation and
experimentation in real-world projects. The experimental tasks and project cases on the platform cover
multiple fields such as intelligent manufacturing, intelligent transportation, and environmental
monitoring, addressing the diverse learning needs of students. Throughout the learning process, students
can choose different experimental modules for personalized learning, while receiving guidance and
assistance through the platform's real-time feedback mechanism.

Furthermore, the platform should support collaborative learning, allowing students to form teams and
work together to complete experimental tasks by sharing platform resources. Collaboration not only
enhances students' teamwork skills but also improves their ability to solve interdisciplinary problems
through teamwork. The platform promotes student interaction and communication via online discussion
areas, instant messaging, and other features.

In terms of interaction design, the platform should first achieve multi-platform compatibility, ensuring
it can operate across different devices such as PCs, tablets, and smartphones, improving student access
convenience. Secondly, the platform should feature an intelligent interactive interface capable of
automatically adjusting the layout based on students' operating habits, making the platform more intuitive.
The platform's user interface should be simple and clear, with clear operation tips and help documents to
lower the difficulty for students to get started. At the same time, the interaction design should support the
integration of Virtual Reality (VR) and Augmented Reality (AR) technologies, offering a more immersive
learning experience.

By combining a well-structured teaching model and interactive design, the digital twin technology
teaching platform can increase students' interest in learning, stimulate their innovative thinking, and
enhance their hands-on and practical abilities, thus providing a more comprehensive and personalized
learning experience. The design and construction of the digital twin technology teaching platform closely
align with the teaching needs of computer science programs and the trends in technological development.
Through the platform's architecture, the implementation of core modules, and the design of innovative
teaching models, the platform can effectively enhance students' system thinking, practical skills, and
interdisciplinary collaboration abilities, providing strong technical support for innovations in computer
science education.

Conclusion

This paper constructs a teaching platform for computer science programs based on digital twin
technology and conducts a systematic design and analysis. Through discussions of the platform’s
functional requirements, design architecture, and teaching models, this paper demonstrates the potential
of digital twin technology in computer science education. The research shows that digital twin technology
can provide a more intuitive virtual simulation environment in the teaching process, helping students
understand complex system concepts more deeply and stimulating their innovation and problem-solving
abilities. However, the implementation of the platform still faces challenges, including the real-time
nature of data interaction, platform stability, and the integration of teaching resources. Therefore, future
research can further optimize the platform’s architecture and technical implementation to enhance its
response speed and stability, as well as explore innovations in teaching models. Moreover, the application
of digital twin technology in computer science education is still in its early stages. In the future, it can
integrate emerging technologies like Al and big data to further expand the platform’s functionality and
application scope, better meeting students' learning needs.

Fund Project

The Research Project of Education and Teaching Reform of Xijing University in 2023: The
Exploration of the Curriculum System of Computer Major Based on Digital Twin Technology (No.:
JGYB2340)



References

[1] Shi, Aixin, and Ma, Xiaoyan. "Design of Human-Machine Interaction System for Educational
Robotics Based on Digital Twin." Automation and Instrumentation, 2025, (01): 277-280+285.

[2] Liu, Dan, Huang, Shuai, He, Ling, et al. "EIT Technology and Its Application Prospects in
Constructing Human Digital Twins." Journal of Guizhou University (Natural Science Edition), 2025,
42(01): 50-59.

[3] Mao, Kehong. "Teaching Reform and Practice of Professional Course System Based on the
Integration of Competitive Teaching and Certification—A Case Study of Computer Application
Technology.”" Modern Vocational Education, 2025, (05): 129-132.

[4] Liu, Dandan, and Chu, Zhen. "Value Implications and Practical Paths of Integrating Artificial
Intelligence into College Ideological and Political Course Teaching." Public Relations World, 2025, (04):
29-31.

[5] Zhang, Jianwei, Zhao, Dan, Zhang, Jiawei, et al. "Research on the Integration of Ideological and
Political Education into Electromagnetic Field Courses Based on Virtual Simulation Technology."
Shaanxi Education (Higher Education), 2025, (02): 16-18.

[6] Yang, Xian, and Yang, Tianle. "Research on Cultivating Innovation Ability in Education Master's
Practice Based on OBE Education Concept." Heilongjiang Education (Higher Education Research and
Evaluation), 2025, (02): 84-88.



