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Abstract:

The rapid advancement of Industry 4.0, intelligent manufacturing, and the new energy vehicle industry has raised higher
demands for vehicle engineering talent, particularly in multidisciplinary integration, practical skills, and innovation. However,
traditional teaching models exhibit significant shortcomings, such as a disconnect between theory and practice and inadequate
cultivation of innovation capabilities. To address these challenges, this study proposes a teaching reform based on case-based
teaching and the OBE-CDIO model. By integrating outcome-based education (OBE) with the conceive-design-implement-
operate (CDIO) approach and incorporating academic competitions, the reform establishes a multi-level teaching system that
deeply integrates theory and practice. Furthermore, artificial intelligence (Al) is employed to support curriculum design,
competition analysis, and personalized student feedback, ensuring a dynamic alignment with industry needs. Following
implementation, the completion rate of interdisciplinary graduation projects exceeded 80%, academic competition awards
increased by 45%, and the employment rate of students rose from 88% to 96%, with some research outcomes adopted by
enterprises. The results demonstrate the model's effectiveness in enhancing students' comprehensive abilities and fostering
innovative engineering talent, providing practical insights for engineering education reform.

Keywords: vehicle engineering, OBE-CDIO model, academic competitions, artificial intelligence, teaching reform.
INTRODUCTION

In recent years, the importance of engineering education has grown significantly with the ongoing global technological revolution
and industrial transformation [1-3]. Fourth Industrial Revolution (Industry 4.0) has accelerated advancements in intelligent
manufacturing, the Internet of Things, and artificial intelligence (Al), thereby raising higher demands for multidisciplinary and
innovative engineering talent [4-7]. As a key area of engineering education, the field of vehicle engineering is undergoing
profound changes. Integrating cutting-edge technologies into teaching and fostering students' practical and innovative abilities
have become shared priorities in global engineering education reform [8,9]. Artificial intelligence (Al), as a transformative tool,
offers unprecedented opportunities in engineering education. Al can enhance the teaching process through intelligent curriculum
design, automated data analysis, and personalized learning feedback, bridging the gap between theory and practice more
effectively. For example, Al-driven tools can analyze competition data, optimize vehicle designs, and simulate real-world
engineering challenges, enabling students to refine their innovative and practical skills. Internationally, initiatives such as
Germany's "Industry 4.0" strategy and the Massachusetts Institute of Technology's "New Engineering Education Transformation
(NEET)" program have deeply explored engineering education models. These efforts aim to combine theory with practice to
cultivate high-caliber engineers capable of driving future development [10-12].

The rapid development of advanced manufacturing technologies and the new energy vehicle (NEV) industry has driven profound
changes in the field of vehicle engineering. Traditional concepts of mechanical design and manufacturing can no longer meet
the demands of modern intelligent and automated development [13-15]. The industry now requires vehicle engineering
professionals with stronger interdisciplinary, practical, and innovative abilities. For example, the core technologies of NEVs
span electric drive systems, battery management, and intelligent driving systems. Students must not only master these
technologies but also integrate multidisciplinary knowledge into complex systems [16,17]. Furthermore, with the increasing
emphasis on green design and sustainability, vehicle design must balance performance optimization with energy efficiency and
environmental protection. This shift places higher demands on students' innovation, systems thinking, and engineering
competencies [18,19]. However, traditional teaching models struggle to address these new requirements, particularly in bridging
theory and practice, fostering innovation, and keeping curricula aligned with cutting-edge industry advancements. Therefore,
reforming current education models to cultivate high-caliber, multidisciplinary talent has become a critical focus of higher
engineering education [20,21].

As an integral part of higher engineering education, academic competitions have recently demonstrated unique advantages in
developing students' comprehensive abilities. Competitions such as the National College Students Intelligent Vehicle
Competition, the China Society of Automotive Engineers Baja SAE Competition, and the Honda China Energy-Saving
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Competition provide students with platforms to apply theoretical knowledge to real-world projects. These competitions not only
strengthen the integration of theory and practice but also significantly enhance students' innovation, teamwork, and
interdisciplinary problem-solving skills. Moreover, the competition tasks often simulate real engineering problems, requiring
students to apply knowledge from diverse fields such as vehicle dynamics, electronic control, sensor technology, and algorithm
design. This problem-based learning approach effectively addresses the shortcomings of traditional teaching methods.
Consequently, integrating academic competitions with classroom teaching has become a key direction for engineering education
reform. This "competition-driven learning" model fosters a positive feedback loop of "learning through competition and
competing through learning," which comprehensively enhances students' practical and innovative capabilities [22,23].

This study aims to explore teaching reforms in vehicle engineering education based on case-based teaching and the OBE-CDIO
model, using academic competitions as a driver to build a multi-layered teaching system [24]. By incorporating outcome-based
education (OBE) and the conceive-design-implement-operate (CDIO) approach, alongside real-world projects from academic
competitions, the research creates a positive feedback loop of "learning through competition and competing through learning."
This approach aims to comprehensively enhance students' competencies in theory-practice integration, innovation, and
interdisciplinary knowledge application. Specifically, the study focuses on the following objectives: (1) integrating academic
competitions with course teaching to strengthen students' ability to connect theory and practice; (2) adopting progressive training
and open-ended tasks to foster innovative thinking and interdisciplinary knowledge integration; and (3) introducing industry-
leading technologies through competitions to dynamically align curricula with industrial needs, thereby cultivating higher-quality
engineering professionals. This research not only provides innovative solutions for vehicle engineering education but also offers
theoretical and practical references for reforming higher engineering education and fostering innovative talent.

CONCEPTS AND THEORETICAL FRAMEWORK

The rapid development of industrial technology has highlighted the limitations of traditional engineering education in meeting
the demand for high-quality, multidisciplinary talent. Outcome-Based Education (OBE) and the Conceive-Design-Implement-
Operate (CDIO) models, two core concepts in international engineering education reform, provide essential theoretical and
practical frameworks for cultivating students' practical skills, innovative abilities, and interdisciplinary competencies. The OBE
model focuses on learning outcomes by setting clear objectives, designing targeted teaching activities, and assessing learning
effectiveness to ensure students acquire the knowledge and skills required by the industry. Meanwhile, the CDIO model
emphasizes hands-on learning through real-world engineering projects, allowing students to integrate theory with practice.
Combining these two approaches (OBE-CDIO) has become a vital direction in engineering education reform, offering innovative
solutions to align education with modern industrial needs [25,26].

OBE Education Model

Outcome-Based Education (OBE) is a student-centered teaching model that prioritizes learning outcomes by aligning teaching
activities with explicitly defined goals. The core of OBE lies in designing the curriculum and assessment methods backward
from the desired "final outcomes" students must achieve. Key features of OBE include clearly defined learning outcomes,
backward curriculum design, and multidimensional assessment methods. For instance, in vehicle engineering, course objectives
such as designing and optimizing an electric drive system can be achieved through project-based practices and case studies,
allowing students to demonstrate their capabilities in knowledge application, system design, and problem-solving [27,28].

The main advantage of the OBE model lies in its alignment with industry demands, ensuring students achieve the expected
competence levels through rigorous outcome assessments. However, its implementation faces challenges, such as defining
reasonable learning objectives and designing scientific evaluation methods. In vehicle engineering, effective application of OBE
requires aligning teaching activities with industry-specific needs by incorporating diverse practices, such as analyzing case
studies on NEV design or simulating intelligent driving systems. These activities enhance students' innovation and practical
skills [29].

CDIO Education Model

The Conceive-Design-Implement-Operate (CDIO) education model emphasizes cultivating students' practical skills and
engineering literacy by simulating real-world engineering processes. Its core philosophy integrates theoretical knowledge with
practical operations, guiding students through the complete engineering cycle, from need analysis to product realization. The
four stages—conceive, design, implement, and operate—form a comprehensive engineering education framework. For example,
in vehicle engineering, students might analyze market needs to conceive a development plan for an intelligent driving system,
complete hardware and software design, manufacturing, and debugging, and finally test the system's performance [30,31].
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The CDIO model's strengths lie in its practice-oriented approach and emphasis on interdisciplinary integration. For instance,
developing an autonomous vehicle system requires students to synthesize knowledge from mechanical design, signal processing,
and artificial intelligence algorithms. This method not only improves students' technical skills but also fosters teamwork and
problem-solving abilities. However, implementing CDIO demands significant resources, skilled instructors, and well-structured
courses. In vehicle engineering, CDIO can be effectively applied through academic competitions (e.g., the National College
Students Intelligent Vehicle Competition) and project-driven courses, helping students transition from theoretical learning to
practical application [32].

Integration of OBE and CDIO Models

The OBE and CDIO models focus on different aspects of education but are highly complementary. OBE emphasizes achieving
learning outcomes, while CDIO prioritizes the development of comprehensive skills through practical processes. Combining the
two can address the traditional gap between theory and practice in teaching. In vehicle engineering, this integration can be
achieved in the following ways: First, set specific learning outcomes based on OBE principles, such as mastering core
competencies in vehicle dynamics analysis and electric drive system design. Second, adopt the CDIO approach to design multi-
phase practical projects, enabling students to complete the full engineering cycle from need analysis to prototype development.
These projects should combine formative and summative assessments to ensure learning goals are achieved. Third, introduce
interdisciplinary projects, such as intelligent driving system development, requiring the integration of mechanical design,
electronic control, and Al algorithms. This collaborative approach enhances students' systems thinking and innovation skills
[33].

By combining OBE and CDIO, vehicle engineering programs can establish a student-centered, outcome-driven, and practice-
focused teaching system. This approach meets industrial demands by cultivating high-quality engineering talent with both
theoretical knowledge and practical skills.

VEHICLE ENGINEERING COMPETITION-INTEGRATED TEACHING SYSTEM
Theoretical Teaching System: Modular Curriculum Design Integrated with Competitions

The vehicle engineering teaching system develops students’ ability to solve complex engineering problems throughout the four
years of undergraduate education. By establishing a modular curriculum, theoretical teaching is closely integrated with academic
competitions and embedded into the talent cultivation plan. The curriculum is divided into three core modules: the mechanical
module (aligned with the China Society of Automotive Engineers Baja SAE Competition), the electrical module (linked to the
Honda China Energy-Saving Competition), and the control module (associated with the National College Students Intelligent
Vehicle Competition), as shown in Figure 1.
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Figure 1. Dual-driven framework of curriculum and competitions
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Theoretical teaching content corresponds directly to the processes and stages of these competitions. The curriculum system
supports technical graduation requirement indicators (e.g., design, experimentation, and analysis skills) while academic
competitions address non-technical indicators (e.g., professional ethics, teamwork, and interdisciplinary collaboration), which
are relatively weaker in traditional teaching methods. This integration creates a multi-level support structure combining
theoretical and practical education, effectively meeting the demand for cultivating students' ability to solve complex engineering
problems.

Progressive Training: Integrating Theoretical Teaching with Competition Projects

To meet the progressive training needs of students in solving complex engineering problems, the vehicle engineering program
integrates and reorganizes the curriculum system around competition knowledge. The program establishes a closed-loop system
of "theoretical teaching-academic competitions-curriculum optimization,” encompassing syllabus design, theoretical teaching
activities, evaluation, and curriculum updates, as illustrated in Figure 2.
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Figure 2. Relationship between theoretical teaching and academic competitions

Through project-based management, academic competitions are embedded into both course design and capstone projects.
Platforms such as student learning groups and automotive enthusiast associations strengthen students’ understanding of balancing
technical achievements with non-technical factors. For example, in a smart driving system development course, students progress
from theoretical learning to completing the entire process of demand analysis and solution design through competition-based
projects. Evaluation criteria focus not only on students' technical achievements but also on their ability to balance non-technical
factors (e.g., cost-effectiveness, sustainability). This approach further enhances students’ ability to apply theoretical knowledge
and develop innovative practical skills.

Practical Teaching System: Multi-Level Engineering Practice Driven by Competitions

The practical teaching system in the vehicle engineering program focuses on developing students’ engineering practice and
innovation skills. It is structured into three levels: general practice, professional practice, and comprehensive practice. The system
integrates theory and practice by addressing key components such as syllabus design, activity implementation, evaluation,
platform development, and system revision, forming a cohesive teaching framework. Engineering practice includes experiments,
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training, course design, internships, and comprehensive practice courses, emphasizing the interconnectedness and overall
coherence of these components, as shown in Figure 3.
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Figure 3. Basic structure of the engineering practice teaching system
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Practical courses leverage interdisciplinary competition projects (e.g., the China Society of Automotive Engineers Baja SAE
Competition) to enhance students’ integration and application of knowledge across multiple fields. The practice platform offers
fixed experimental content but also allows students to define their own tasks and objectives, fostering creativity and problem-
solving skills. After completing practical courses and competition projects, students can participate in automotive engineer
certification exams. This process provides a comprehensive evaluation of learning outcomes and strengthens graduates’
competitiveness in the job market. The practical teaching system is designed not only to address engineering practice but also to
align with the requirements of technological competitions. This ensures that students gain the ability to apply professional
knowledge comprehensively in real-world engineering scenarios.

The vehicle engineering program offers comprehensive practical courses that integrate engineering practice, theoretical
knowledge, and technological competition. These courses address the limitations of single-course designs, which often focus
narrowly on specific knowledge areas and lack connection to real-world engineering practice. By aligning with both engineering
practice and competition requirements, the courses ensure comprehensive coverage of professional knowledge, as illustrated in
Figure 4.
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Figure 4. Connection between practical teaching and academic competitions
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Through training based on interdisciplinary competition projects, students enhance their ability to integrate and apply knowledge
from multiple disciplines while developing practical skills. The training platforms not only provide fixed experimental content
but also allow students to design their own tasks and objectives, fostering problem-solving and innovation skills. Upon
completing these competition-based projects, students participate in automotive engineer certification exams, which assess their
practical training outcomes and improve their employability.

CASE-BASED TEACHING DISCUSSION

Case-based teaching is a vital approach in engineering education for developing students' comprehensive abilities, innovative
thinking, and practical skills. By introducing real-world engineering problems and projects into the teaching process, students
can enhance their ability to solve complex engineering challenges through the integration of theory and practice. In the context
of vehicle engineering education, case-based teaching emphasizes both scientific rigor and systematic instruction while fostering
student autonomy and practical engagement. The following discussion focuses on the implementation of case-based teaching
using academic competition examples.

Case Implementation Process: In the teaching design, instructors guide students to participate as teams in the full process of the
Baja SAE competition, from requirements analysis to design, prototype manufacturing, and performance testing. This step-by-
step approach develops students' engineering practice skills. For instance, during the powertrain optimization phase, students
integrate content from courses such as Automotive Theory and Fundamentals of Mechanical Design. Using dynamic simulation
tools like MATLAB or ADAMS, they analyze and optimize the vehicle's dynamic performance. Similarly, during the suspension
tuning phase, students conduct experiments to verify the effects of different parameters on off-road vehicle performance. Figure
5 shows the Baja racing car U18, designed by Xi’an University of Science and Technology’s Qin Feng Racing Team in 2021.

Figure 5. Baja racing car U18 in 2021

Teaching Outcomes: This case-based teaching approach has significantly enhanced students’ understanding of vehicle
engineering concepts while improving their non-technical skills, such as teamwork, communication, and project management.
For example, during the competition, students present their design proposals to expert judges and participate in Q&A sessions.
This process strengthens their presentation skills and interdisciplinary collaboration abilities. The Baja SAE case demonstrates
that competition-based case teaching effectively cultivates students’ comprehensive abilities and innovative thinking, laying a
solid foundation for their future careers.

The vehicle engineering program integrates competitions such as the Baja SAE, Honda China Energy-Saving Competition, and
the National College Students Intelligent Vehicle Competition. These competitions have spurred the creation of multiple
automotive innovation teams, including Xi’an University of Science and Technology’s Qin Feng Racing Team. In July 2018,
the Qin Feng Racing Team collaborated with nine members of the Brunel University Formula Racing Team at the Lishan Campus
to form a Sino-British joint racing team. In July 2019, five members of the Qin Feng Racing Team traveled to Brunel University
to participate in the international Formula Student competition. These competitions serve as a driving force for establishing a
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stable model of international exchange, broadening students’ global perspectives, and fostering their abilities to communicate
and collaborate in cross-cultural contexts.

Case Implementation Process: In the teaching design, instructors guide students to participate as teams in the full process of the
Baja SAE competition, from requirements analysis to design, prototype manufacturing, and performance testing. This step-by-
step approach develops students' engineering practice skills. For instance, during the powertrain optimization phase, students
integrate content from courses such as Automotive Theory and Fundamentals of Mechanical Design. Using dynamic simulation
tools like MATLAB or ADAMS, they analyze and optimize the vehicle's dynamic performance. Similarly, during the suspension
tuning phase, students conduct experiments to verify the effects of different parameters on off-road vehicle performance. Figure
5 shows photos of students participating in the China Society of Automotive Engineers Baja SAE competition in recent years.

RESULTS

By implementing case-based teaching and the OBE-CDIO talent cultivation model, the vehicle engineering program has
achieved significant improvements in student competencies, curriculum optimization, and teaching outcomes, as detailed below:

Improvement in Students” Comprehensive Abilities

Case-based teaching has significantly enhanced students' ability to solve complex engineering problems, integrate
interdisciplinary knowledge, and innovate in practice. For example, in projects such as the Baja SAE competition and the
Intelligent Driving Vehicle System, over 85% of students reported mastering core skills in vehicle dynamics, mechanical design,
and control algorithms. Additionally, interdisciplinary projects, such as the development of an autonomous mining vehicle,
enabled students to achieve breakthroughs in combining artificial intelligence with vehicle engineering, fostering their systems
thinking and innovation in multidisciplinary environments.

Survey data indicated that students' satisfaction with their engineering practice abilities increased from 68% before the reforms
to 92%. Among students participating in interdisciplinary projects, 65% proposed innovative solutions with practical application
value. These enhancements have significantly improved students’ competitiveness in the job market.

Optimization of the Curriculum System and Teaching Practice

The curriculum reform led to modularization and interdisciplinary integration, with closer alignment between practical and
theoretical teaching. For example, the introduction of academic competitions and comprehensive project designs covered more
than 70% of core course content within the mechanical, electrical, and control modules. The proportion of courses incorporating
case-based teaching increased to 75% after the reforms.

The practical teaching system was further refined, with a layered structure of general practice, professional practice, and
comprehensive projects. This allowed students to progressively develop their engineering abilities throughout their four years of
undergraduate study. Supported by practical teaching platforms, over 80% of students completed interdisciplinary projects in
their graduation designs, with some outputs adopted by partner companies for product development.

Significant Improvement in Teaching Outcomes

The teaching reforms have significantly enhanced the quality of student training and improved the program’s reputation within
the academic and industrial communities. Over the past three years, the total number of awards in national competitions, such as
the National College Students Energy-Saving Vehicle Competition and the Intelligent Vehicle Competition, increased by 45%.
Additionally, the graduate employment rate rose from 88% before the reforms to 96%, with a 25% increase in the proportion of
graduates working in vehicle engineering-related industries in roles such as design, R&D, or management.

From 2018 to 2023, the number of students participating in academic competitions increased from 110 to 260, with the award-
winning rate rising to 68%. In collaboration with industry, research outcomes from several students involved in autonomous
vehicle development projects were adopted by partner companies, further demonstrating the effectiveness of the reforms in
cultivating practical engineering abilities.

Summary

The implementation of case-based teaching and the OBE-CDIO model has achieved a deep integration of theory and practice in
the vehicle engineering program. Students’ professional competencies and innovation capabilities have significantly improved,
while the social recognition and employment competitiveness of graduates have steadily increased. The successful experience
of these teaching reforms demonstrates that incorporating real-world engineering projects into curriculum design not only
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promotes the comprehensive development of students’ abilities but also provides strong support for cultivating high-quality
engineering and technical talent. These outcomes provide actionable insights and practical references for advancing teaching
reforms in other engineering disciplines.

CONCLUSIONS

The introduction of case-based teaching and the OBE-CDIO model, supported by artificial intelligence, has significantly
enhanced students' engineering practice skills, innovation awareness, and ability to solve complex engineering problems. The
OBE (Outcome-Based Education) model focuses on clearly defined learning outcomes, ensuring that students' knowledge and
skills meet societal and industry demands. The CDIO (Conceive-Design-Implement-Operate) model, with its systematic
framework for engineering practice, enables students to comprehensively improve their competencies in real-world engineering
environments. The integration of these two models, enhanced by Al-driven tools for curriculum design and competition analysis,
provides a robust framework for addressing the demands of modern engineering education.

The reform results demonstrate that the implementation of case-based teaching and the OBE-CDIO model, combined with Al
technologies, has achieved deep integration of theory and practice, interdisciplinary knowledge synthesis, and the cultivation of
engineering innovation capabilities. More than 80% of students completed interdisciplinary projects in their graduation designs,
with some research outcomes adopted by companies, showcasing students' innovative abilities in engineering practice.
Furthermore, the employment rate of graduates increased from 88% to 96%, and the total number of awards in high-level
academic competitions grew by 45%, further validating the effectiveness of the teaching reforms.

Looking ahead, the vehicle engineering program will continue to optimize case study designs, deepen industry-academia
collaboration, and strengthen the integration of artificial intelligence and international perspectives to further enhance the OBE-
CDIO-based practical teaching system. These teaching reform experiences not only provide critical support for cultivating high-
quality engineering and technical talent in the vehicle engineering discipline but also offer a valuable model for educational
reforms in other engineering fields. Through continuous exploration, the vehicle engineering program will consistently deliver
high-quality, innovative talent to meet societal and industrial needs, contributing to scientific progress and economic
development.
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