



Bridging Code Snippets to Full-Scale Front-End Engineering Projects: A Generative AI-Assisted CDIO Framework for Vue.js Curriculum Reform


Abstract: In Vue.js education, students often master isolated code snippets yet struggle to build complete, robust engineering projects. This study addresses this gap by integrating generative AI as a collaborative tool within the CDIO (Conceive-Design-Implement-Operate) framework to reform the curriculum. The course objectives have been restructured to shift from rote knowledge acquisition to the cultivation of full-lifecycle front-end engineering competencies and responsible AI collaboration skills. A four-stage hierarchical case library aligned with the CDIO phases provides tiered tasks scaled to students’ progressing competency levels. Students are guided to use generative AI judiciously for coding assistance and design ideation throughout the process. Assessment employs differentiated weighting across the CDIO stages, with safeguards against over-reliance, including closed-book examinations, reflective reports, and mandatory critical evaluation with manual refinement of AI-generated code. Teaching practice results show that the experimental group significantly outperformed the control group in engineering modeling and full lifecycle competency development. Student satisfaction averaged 4.75 out of 5, with an overall satisfaction rate of 93.5%. This reform effectively fosters an engineering mindset, bridges the gap between fragmented coding skills and comprehensive project development, and provides a replicable framework for front-end curriculum reform in the generative AI era.
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1 Introduction
Modern software systems are becoming increasingly complex, with high expectations for user experience and frequent requirement changes, positioning front-end engineering as a cornerstone of software development. Vue.js, a leading front-end framework, boosts productivity through its lightweight component model, reactive data binding, and integrated toolchain (Vite, Pinia, Vue Router, and related tools) (Garaguso, 2023). However, traditional Vue.js instruction in higher education has long been dominated by teacher-centered lectures on syntax and isolated code exercises, such as building simple counters, todo lists, or individual components. While students may master specific directives, components, or APIs in these fragmented tasks, they often struggle to integrate these elements into complete, scalable, production-ready front-end applications. This creates a persistent gap between graduates’ fragmented coding skills and industry demand for a comprehensive engineering mindset and full-lifecycle delivery capabilities.
The CDIO (Conceive-Design-Implement-Operate) framework, an internationally recognized approach to engineering education, emphasizes end-to-end project practice from requirements conception through deployment and operation (Jianfeng et al., 2013). Recent studies illustrate its value. Qin et al. (2024) applied CDIO to reform an “Automatic Control Principles” course, achieving stronger integration of theory and practice via project-based learning. Zhang et al. (2026) implemented CDIO in a graduate “Pattern Recognition” course, raising the proportion of excellent grades from 19.1% to 48.3% while enhancing practical skills and research literacy. Wu et al. (2026) developed a CDIO and knowledge-graph-based experimental teaching model for Vue.js, helping students build more systematic knowledge structures. These examples confirm that CDIO fosters engineering mindset and practical competence.
Nevertheless, conventional CDIO implementations face several persistent challenges. First, students’ uneven foundational skills often create bottlenecks during full-cycle project work.  Second, the lack of effective scaffolding tools and tiered teaching cases makes it difficult to provide appropriate support when technical difficulties arise. Third, personalized guidance remains limited because uniform assignments fail to accommodate diverse student backgrounds and learning paces. Finally, process-oriented assessment systems are often underdeveloped, making it difficult to accurately evaluate and track competency gains across all four CDIO stages. These shortcomings prevent conventional CDIO approaches from fully achieving their potential.
Generative AI tools such as ChatGPT and GitHub Copilot have emerged as powerful aids in programming education (Nizamudeen et al., 2024; Paul & Variawa, 2025). Groothuijsen et al. (2024) observed that students frequently use AI chatbots for debugging, error checking, and code generation in scientific computing courses, although instructors worry about code quality and possible negative effects on learning. Shanto et al. (2024) examined ChatGPT’s viability as an autonomous tutor for novice programmers. Li et al. (2025) reported that a generative-AI-supported programming method significantly improved learning outcomes, motivation, and self-efficacy in the experimental group. A systematic review by Elnaffar et al. (2026) of 58 studies found that 94.83% reported enhanced programming support, yet 65.52% highlighted risks of over-reliance and superficial learning. Collectively, these findings underscore both the promise and the need for carefully designed instructional strategies.
Generative AI offers fresh opportunities to overcome the challenges of traditional CDIO models. With well-crafted prompts, AI can assist at every stage: generating user stories and requirements in Conceive, supporting architecture and state-management planning in the Design phase, providing Composition API references and code skeletons in the Implement phase, and producing deployment scripts and optimization suggestions in the Operate phase. Students can therefore concentrate on higher-order activities—abstracting engineering principles, making design decisions, and conducting iterative validation—rather than writing every line from scratch. This approach has the potential to ease the difficult transition from isolated code snippets to complete, robust engineering projects.
Preliminary research has begun exploring the integration of CDIO and generative AI. Wang et al. (2025) proposed the A-CDIO (AI-empowered CDIO) paradigm and demonstrated its effectiveness in a “Post-Production Visual Effects” course. Lei et al. (2025) found that a generative-AI-supported CDIO model significantly boosted intrinsic motivation, emotional engagement, and computational thinking while reducing cognitive load. Despite these promising results, systematic studies remain scarce. Existing work has largely remained at the level of tool application and has not yet articulated detailed coordination mechanisms between generative AI and each CDIO stage, nor has it produced scalable case libraries or standardized implementation pathways. Furthermore, there is limited guidance on promoting appropriate AI use while mitigating over-reliance and preserving students’ engineering mindset and innovation capacity.
To address the gaps in traditional Vue.js education and conventional CDIO implementations, this study pursued the following objectives:
1. To design and implement a generative AI-assisted CDIO framework for the Vue.js course, explicitly defining AI’s supportive role across the Conceive, Design, Implement, and Operate stages.
2. To develop a competency-based stratification system and a four-stage hierarchical case library that delivers personalized, tiered learning tasks aligned with students’ proficiency levels.
3. To establish a diversified assessment mechanism—including closed-book examinations, reflection reports, and critical evaluation of AI-generated code—to mitigate over-reliance on generative AI while evaluating the framework’s effectiveness through a comparative quasi-experiment involving 522 students.
Based on these objectives, we hypothesized that the experimental group (2023 cohort using the AI-assisted CDIO approach) would demonstrate significantly higher attainment in front-end engineering modeling and full-lifecycle competencies compared to the control group (2022 cohort receiving traditional instruction), while maintaining comparable foundational knowledge through the built-in assessment safeguards.
2 Vue.js Curriculum Teaching Reform Measures
Guided by the CDIO framework and student-centered principles, this reform reconstructs the Vue.js course’s objectives, content, and assessment system. Generative AI is positioned strictly as a supportive collaboration tool rather than a substitute for student effort. A closed-loop “Conceive-Design-Implement-Operate” teaching cycle is established, allowing students to use generative AI appropriately at each stage. Tasks are differentiated by competency level, directly tackling the traditional problem of moving from code snippets to full engineering projects while safeguarding against over-reliance through deliberate assessment design.
2.1 Course Objective Reconstruction
Originally, the Vue.js course objectives centered on framework syntax and isolated code implementation, falling short of industry needs for lifecycle engineering competence and AI collaboration skills. Under the CDIO framework and informed by the supportive nature of generative AI, the objectives have been reframed to prioritize engineering competency and responsible AI use (Table 1). The revised objectives place greater emphasis on front-end engineering modeling, full-lifecycle delivery, and the ability to evaluate AI-generated code.
Table 1: Comparison of Original and Reconstructed Course Objectives
	Course Objective
	Original Objective
	Reconstructed Objective
	Key Shift

	Objective 1
	Master basic Vue.js concepts and possess the ability to develop front-end applications using Vue.js technology
	Understand Vue.js core concepts, master front-end engineering conceptual design methods, and apply Vue.js to the front-end application modeling and requirements analysis
	Emphasis on engineering conceptual design

	Objective 2
	Master Vue.js framework directives, components, routing, state management, and other application development technologies
	Conduct detailed front-end application design with generative AI assistance, decomposing applications into rational component structures and state-management models
	From technology mastery to engineering design capability

	Objective 3
	Master Vue.js development tools and possess the ability to use Vue.js development tools to design solutions for specific problems
	Implement, test, and operate Vue.js applications with generative AI assistance; analyze and judge whether AI-generated code aligns with front-end engineering best practices
	Full-lifecycle engineering capability plus AI collaboration judgment


The new Objective 1 stresses engineering conceptual design, Objective 2 focuses on detailed design under AI support, and Objective 3 highlights full-lifecycle implementation, operation, and critical AI collaboration skills. This realignment satisfies Outcome-Based Education (OBE) principles (Syeed et al., 2022) and provides a clear competency roadmap for content redesign, experimental tasks, and assessment.
2.2 Course Content Reconstruction
The traditional “knowledge-point lecture plus fragmented practice” model has been replaced by a four-stage hierarchical case library built around the CDIO cycle. The library supports classroom demonstrations, laboratory work, and homework, encompassing Vue.js core technologies (componentization, reactivity, Vite toolchain, Pinia state management, Vue Router, etc.) and realistic front-end engineering scenarios.
1. Conceive focuses on foundational concepts such as syntax, directives, and lifecycle hooks.
2. Design emphasizes architectural decisions including component communication, routing configuration, and state management.
3. Implement covers coding, unit testing, and deployment (Vite + Netlify).
4. Operate addresses performance optimization, error monitoring, continuous integration, and iterative maintenance.
Cases exist at two levels: Basic (concise, single-stage tasks) and Advanced (full CDIO cycle approximating enterprise projects such as e-commerce platforms or To-Do systems). Every case includes ready-to-use “AI-assisted prompt templates” so that AI serves as a catalyst for an engineering mindset rather than a replacement. Figure 1 illustrates how AI can support all four stages while a reflection-and-extension element, embedded in the Operate stage and student self-assessment, closes the loop from problem-driven learning to iterative improvement.
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Figure 1: Schematic of Four-Stage Case Library and Teaching Loop
2.3 Student Competency Stratification and Task Matching
A pre-course knowledge assessment (multiple-choice and short-answer items covering Vue.js concepts, syntax application, and simple engineering scenarios, maximum 100 points) combined with regular performance data classifies students into Basic (score <70) and Advanced (score ≥70) levels. The 70-point threshold was set based on teaching experience and routine grading practice, where a score of 70 typically indicates a satisfactory mastery of core concepts. Post-class assignments and in-class experiments are then calibrated accordingly (Table 2). This stratified instructional design mitigates the shortcomings of uniform instruction: students with lower proficiency receive appropriately scaffolded tasks, while higher-proficiency students encounter suitably challenging work that stretches their Design and Operate capabilities.
Table 2: Relationship Between Student Competency Levels and Four-Stage Case Configuration
	Student Competency Level
	Conceive Stage
	Design Stage
	Implement Stage
	Operate Stage

	Basic Level
	Vue.js basic syntax, directives, lifecycle concepts
	Basic page layout
	Basic exercises
	—

	Advanced Level
	Vue.js basic syntax, directives, lifecycle concepts
	Project prototype design
	Coding implementation, testing, deployment
	Requirement iteration


2.4 Experimental Tasks and Generative AI-Assisted Learning Design
Five in-class experiments (Table 3) are built around authentic engineering cases. Each experiment is broken into four progressively complex sub-tasks aligned with the CDIO stages. Students select sub-tasks matching their assessed competency level. AI usage is also tiered: Basic-level students primarily employ AI for concept clarification and code completion; Advanced-level students use it for architecture design, code generation, and optimization, and must submit an “AI prompt + modification explanation + reflection report” as process evidence.
Table 3: In-Class Experimental Task Configuration
	No.
	Experiment Name
	Experiment Content
	Experimental Sub-tasks

	1
	Development Environment Configuration
	Vue project initialization and configuration
	Install Node.js and Vue CLI, create Vue project (Conceive)
Configure project dependencies and development environment (Design)
Configure front-end engineering toolchain (Implement + Operate)

	2
	Vue Basics
	Counter application design and implementation
	Implement simple counter using Vue basic syntax (Conceive)
Refactor using componentization principles (Design)
Add local storage and theme switching (Implement)
Performance optimization and error handling (Operate)

	3
	Component Communication
	Todo application design and implementation
	Implement component communication using Props and Events (Conceive)
Implement state management using Pinia (Design)
Add data persistence and user authentication (Implement)
Application monitoring and log management (Operate)

	4
	Routing and Navigation
	Multi-page application design and implementation
	Configure Vue Router for page navigation (Conceive)
Implement nested routing and route guards (Design)
Add dynamic routing and permission management (Implement)
Routing performance optimization and error handling (Operate)

	5
	Comprehensive Project
	E-commerce website front-end design and implementation
	Implement product list and detail pages (Conceive)
Add shopping cart and order functionality (Design)
Implement complete e-commerce front-end application (Implement)
Performance optimization, user experience enhancement, and operational deployment (Operate)


For the Advanced-level “Component Communication” (Todo application) experiment, students first develop their own CDIO model (including component structure and state-management plan), then craft precise prompts (e.g., “Design a Pinia-based Todo Store supporting data persistence with add, delete, and filter functions, following Vue Composition API best practices”) to generate code via ChatGPT. They conclude by submitting a reflection report that evaluates the AI output against front-end engineering standards, identifies potential performance issues, and documents manual optimizations. This workflow develops prompt-engineering skills, critical thinking, and knowledge internalization while ensuring AI augments rather than supplants student effort.
2.5 Course Assessment Reconstruction
Assessment consists of classroom participation (20%), post-class assignments (10%), in-class experiments (20%), and a final examination (50%). Classroom participation evaluates preparation and extension through Q&A and demonstrations. For process-oriented components (assignments and experiments), differentiated weighting coefficients are applied across CDIO stages: Conceive 0.75, Design 0.85, Implement 0.95, Operate 1.0. The final component score is calculated by multiplying the raw score of the highest stage completed by the corresponding coefficient, thereby motivating students to tackle more advanced tasks.
The final examination is closed-book and includes multiple-choice items on basic concepts, fill-in-the-blank questions on API usage, short-answer items, and small-scale design problems. It specifically tests autonomous mastery of Vue.js core concepts, directives, component principles, reactivity, and API proficiency—counterbalancing any potential weakening of foundational knowledge under AI assistance. Students must also attach AI-process explanations and reflection reports to all submissions. In addition, a “reverse verification” component requires students to analyze the strengths and weaknesses of AI-generated code and perform manual modifications. This multi-layered system evaluates both CDIO lifecycle competencies and AI collaboration literacy while reinforcing independent learning through rigorous foundational assessment.
3 Teaching Practice Effect Evaluation
To assess the reform’s impact, the 2022 cohort (control group, n=260, traditional teaching without stratification or AI integration) was compared with the 2023 cohort (experimental group, n=262, permitted to use generative AI tools such as ChatGPT under the redesigned framework). To minimize the instructor effect, both the control group (2022 cohort) and the experimental group (2023 cohort) were taught by the same instructional team. Both cohorts comprised full-time Computer Science and Technology majors who had completed the same prerequisite curriculum, including Web Fundamentals (HTML/CSS), JavaScript Programming, and Data Structures. This ensures that the observed improvements are attributable to the AI-assisted CDIO framework rather than variations in teaching quality.
Course objective attainment was measured via a support matrix linking the revised objectives (Table 1) to observable behavioral indicators derived from experiment reports (40%), post-class assignments with AI-process documentation (30%), and final-examination design and programming questions (30%). Attainment scores were expressed on a 0–1 scale (≥0.75 = good attainment). Stratified sampling ensured balanced representation of Basic- and Advanced-level students. The results are shown in Table 4.
Independent samples t-test results indicate that for Course Objective 1 (front-end application modeling and requirement analysis), the experimental group's attainment was significantly superior to the control group’s, with a very large effect size (t(520) = 18.72, p < 0.01, Cohen's d = 1.67). For Course Objective 3 (full-lifecycle implementation, operation, and AI collaboration), a similarly significant and very large effect was observed (t(520) = 20.15, p < 0.01, Cohen's d = 1.72). These large effect sizes confirm the practical significance of the teaching reform in enhancing students' high-level engineering competencies.
For Course Objective 2 (core API and application technology mastery), the control group outperformed the experimental group, and this difference was statistically significant (t(520) = -6.85, p < 0.01). However, the effect size was moderate (Cohen's d = 0.54). This suggests that while the decline in foundational knowledge mastery is measurable, its practical impact may be limited and could be addressed by strengthening safeguards like closed-book examinations and reverse verification of AI-generated code, as discussed in the study design.
Table 4: Comparison of Course Objective Attainment (Experimental Group vs. Control Group)
	Course Objective
	Control Group (2022, n=260)
M ± SD
	Experimental Group (2023, n=262)
M ± SD
	t(df)
	p-value
	Effect Size (Cohen's d)

	Objective 1 (Front-end application modeling and requirement analysis)
	0.68 ± 0.14
	0.89 ± 0.11
	t(520) = 18.72
	<0.01
	1.67

	Objective 2 (Core API and application technology mastery)
	0.85 ± 0.10
	0.79 ± 0.12
	t(520) = -6.85
	<0.01
	0.54

	Objective 3 (Full-lifecycle implementation, operation, and AI collaboration)
	0.62 ± 0.16
	0.87 ± 0.13
	t(520) = 20.15
	<0.01
	1.72


Figure 2 visually illustrates the comparative attainment of the two groups across the three course objectives. These findings confirm that the generative AI-assisted CDIO teaching reform significantly improves students’ front-end engineering modeling abilities and full lifecycle competencies, while the slightly lower performance on Objective 2 highlights the need to strengthen foundational knowledge consolidation through reverse verification of AI-generated code and closed-book examinations.
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Figure 2: Comparison of Course Objective Attainment Between Experimental and Control Groups
An anonymous post-course satisfaction survey (5-point Likert scale, 1 = very dissatisfied, 5 = very satisfied) was administered to the 2023 cohort. Of 262 questionnaires distributed, 248 valid responses were received (94.7% validity rate). Results appear in Table 5.
Students reported high satisfaction across all dimensions, particularly “engineering mindset and lifecycle capability enhancement” (95.2%) and overall satisfaction (93.5%). Feedback highlighted that AI lowered entry barriers for Basic-level students while providing Advanced-level students with suitably demanding tasks, and that differentiated weighting encouraged progression without frustration. A small number of students noted the continuing need to strengthen autonomous mastery of core APIs, reinforcing the modest decline in Objective 2 attainment.
Table 5: 2023 Cohort Student Course Satisfaction Survey Results
	Survey Dimension
	Mean Score
	Percentage Scoring 4 or 5 (%)

	Course objective reconstruction rationality
	4.72
	92.7

	Course content stratification and case library matching
	4.65
	90.3

	Generative AI-assisted learning effectiveness
	4.58
	88.7

	CDIO stage assessment fairness
	4.69
	91.9

	Engineering mindset and lifecycle capability enhancement
	4.81
	95.2

	Personalized learning support
	4.63
	89.5

	AI collaboration ability cultivation
	4.70
	91.1

	Overall course satisfaction
	4.75
	93.5


4. Results and Discussion
The present study demonstrates that the generative AI-assisted CDIO framework significantly enhanced students’ front-end engineering modeling and full-lifecycle competencies, as evidenced by the superior attainment in Objectives 1 and 3 compared to the control group. These findings align with and extend recent research on AI-empowered CDIO models. For instance, Lei et al. (2025) reported that a generative AI-enabled CDIO approach improved undergraduates’ computational thinking, intrinsic motivation, and emotional engagement while reducing cognitive load. Similarly, Wang et al. (2025) showed positive outcomes when integrating generative AI into CDIO for a post-production visual effects course. Our study contributes to this emerging literature by providing a domain-specific application in front-end engineering education, with explicit mechanisms (competency stratification and AI prompt templates) that address practical implementation challenges.
Furthermore, the framework effectively mitigates common limitations of conventional CDIO implementations, such as uneven student foundational skills and insufficient scaffolding (Jianfeng et al., 2013). The introduction of a four-stage hierarchical case library and differentiated task assignment offered personalized support at scale, enabling Basic-level students to build confidence and Advanced-level students to tackle complex design and optimization tasks. The high student satisfaction rate (93.5%, mean = 4.75/5), particularly in engineering mindset and lifecycle capability enhancement, further confirms the feasibility and acceptability of this personalized, AI-augmented approach in large-enrollment courses.
Overall, by positioning generative AI as a collaborative rather than replacement tool and incorporating safeguards against over-reliance, this study offers empirical evidence for balancing technological support with the development of core engineering competencies in the generative AI era.
5. Limitations of the Study
The present study has several limitations that should be acknowledged. First, the research was conducted with only two consecutive cohorts (2022 and 2023) of Computer Science and Technology majors at a single university (University of Science and Technology Liaoning), resulting in a relatively homogeneous sample. This limits the generalizability of the findings to other institutions, regions, or student populations with different academic backgrounds. Second, although a comparative quasi-experimental design was employed, random assignment of students to groups was not possible due to the use of intact cohorts; therefore, potential selection bias cannot be entirely ruled out. Third, the study relied on self-reported reflection reports and satisfaction surveys, which may be subject to social desirability bias. Finally, while safeguards against AI over-reliance were implemented, the study did not quantitatively measure the degree of students’ actual dependence on generative AI tools.
6 Conclusion
This study developed and empirically validated a generative AI-assisted CDIO framework to bridge the gap between students’ mastery of isolated Vue.js code snippets and their ability to deliver full-scale front-end engineering projects. By reconstructing course objectives, establishing a four-stage hierarchical case library with competency-based task stratification, and implementing a diversified assessment system with explicit safeguards against AI over-reliance, the reform significantly enhanced students’ front-end engineering modeling abilities and their full-lifecycle delivery competencies. Comparative analysis between the experimental and control groups showed superior performance in engineering modeling and responsible AI collaboration (Objectives 1 and 3), while closed-book examinations and reverse verification helped maintain solid foundational knowledge. Student satisfaction was high (mean 4.75/5, 93.5%). The proposed framework offers a practical, replicable model for front-end curriculum reform in the generative AI era, demonstrating that generative AI can serve as an effective collaborative tool when properly integrated within a structured engineering education approach.
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