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Abstract

This paper presents the results of a two-year innovative teaching project in the Vehicle
Theory course, a fourth-year Mechanical Engineering subject at Universidad Carlos III de
Madrid. The project explored the integration of generative artificial intelligence (GenAl) tools,
particularly ChatGPT, to enhance student engagement, support project work, and promote
ethical academic use. Key strategies included a flipped classroom approach, where students
summarized previous lessons with GenAl assistance, and the use of Al to aid in the design
and optimization of a tubular chassis project. Survey results and course observations indicate
high student adoption of GenAl, with positive impacts on understanding theoretical concepts,
completing exercises, and generating project outputs. Students reported that GenAl facilitated
idea generation, technical problem-solving, and the creation of more effective and visually
appealing presentations. Limitations included information bias, overreliance on GenAl,
and variability in response quality depending on prompt formulation. Overall, the project
improved attendance, engagement, and academic performance, highlighting the potential of
GenAl as a complementary educational tool. Additionally, by requiring students to critically
evaluate the GenAl responses, the project encouraged the development of judgment and
decision-making skills, which are essential competences for future engineers.

Keywords: generative artificial intelligence; ChatGPT; engineering education; Vehicle Theory;
flipped classroom; student engagement; project-based learning; active learning; Al-assisted
learning; mechanical engineering

1. Introduction

The emergence of generative artificial intelligence (GenAl) tools such as ChatGPT,
Gemini, Deepseek, Stable Diffusion, and DALL-E has reshaped the landscape of digital
technology since their introduction in 2022 (Grassini, 2023; Imran & Almusharraf, 2024;
Llerena-Izquierdo et al., 2024; Lo, 2023). These systems, built upon advanced genera-
tive models, are capable of producing a wide range of outputs including text (Huynh &
McNamara, 2025), images (Thampanichwat et al., 2025), audio (Wei et al., 2025), video
(Bercaru & Popescu, 2025), software code (Swacha & Gracel, 2025), and synthetic data
(Kamruzzaman et al., 2025; Rai et al., 2025). By learning from large-scale datasets, GenAl
models can create new content that mirrors the characteristics of human-produced material,
thereby expanding opportunities for creativity, problem-solving, and automation. Among
these tools, ChatGPT, developed by OpenAl, has become one of the most widely adopted
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language-based application, enabling users to generate contextually relevant responses
customized to different levels of detail, style, or format (Naznin et al., 2025).

The integration of GenAl into education has generated growing interest, as these tools
offer new ways to support learning, teaching, and assessment (Wang & Guo, 2025). Research
suggests that systems like ChatGPT can enhance the student learning experience by providing
adaptive explanations, personalized feedback, and accessible educational resources (Tillmanns
et al., 2025). For instance, they can simplify complex topics, produce study materials, and
offer individualized support for learners with diverse needs (Ribeirinha et al., 2025). Beyond
knowledge delivery, GenAl also holds potential for developing critical thinking skills, im-
proving student engagement, and supporting inclusive education by tailoring information to
different learning profiles (Cordero et al., 2024; Martinez-Peldez et al., 2025).

Nevertheless, the adoption of GenAl in educational contexts is not without challenges
(Francis et al., 2025; Fulsher et al., 2025). Concerns have been raised regarding its influence on
academic integrity, as the ease of generating assignments or assessments introduces potential
risks of plagiarism and reduces opportunities for authentic student work (Huang et al., 2025;
Kovari, 2025; Yavich & Davidovitch, 2024). Another emerging concern is the possibility of
increased absenteeism, since students may come to rely on GenAl tools as a substitute for
classroom participation, diminishing engagement with instructors and peers and weakening
the collaborative aspects of learning (Franco et al., 2025). In addition, questions of accuracy,
bias, and reliability in Al-generated outputs remain central to debates about its responsible use
(Deric¢ et al., 2025a). Furthermore, issues surrounding data privacy, security, copyright, and
transparency add layers of complexity to its implementation in formal learning environments
(Deri¢ et al., 2025b). These tensions highlight the importance of carefully considering how
GenAl should be integrated into specific subject areas, such as engineering, where accuracy,
active participation, and ethical learning practices are fundamental.

This study focuses on the Vehicle Theory course, taught in the fourth year of the
Mechanical Engineering degree program. This specific course was selected because it has
historically faced significant challenges with student absenteeism, making it a suitable
environment for testing engagement interventions. As a subject that combines theoretical
principles with applied knowledge in areas such as vehicle dynamics, safety, and perfor-
mance, it offers a meaningful context for examining how GenAl can be incorporated into
technical education. Beyond supporting the understanding of complex concepts, a key
objective of integrating these tools is to foster greater student participation and reduce
absenteeism by making learning more interactive, engaging, and accessible. At the same
time, particular emphasis is placed on encouraging ethical and responsible use of GenAl,
ensuring that students leverage its capabilities as a complement to, not a replacement for,
active learning and classroom involvement. In the following sections, we examine both the
opportunities and challenges associated with GenAl in this course, highlighting strategies
that promote innovation, participation, and responsible academic practice.

2. Challenges in Vehicle Theory Education

The Vehicle Theory course, delivered in the fourth year of the Mechanical Engineering
degree program, spans 14 weeks with two sessions per week and combines lectures, problem-
solving exercises, and laboratory work. By the end of the course, students are expected
to demonstrate a systematic understanding of vehicle dynamics and automobile systems
(Rajamani, 2006), apply analytical and modeling methods, design and conduct experiments,
and integrate theory with practice to address engineering problems.

The syllabus progresses from foundational topics such as vehicle types, to more
advanced subjects including chassis design, tire mechanics (Garcia-Pozuelo et al., 2017),
aerodynamics, longitudinal and lateral dynamics (Viadero-Monasterio et al., 2023), brak-
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ing systems (Meléndez-Useros et al., 2023), suspension (Viadero-Monasterio et al., 2022),
rollover behavior, and hybrid electric vehicles. It should be noted that the team members
are authorities in the aforementioned subjects. Complementing these lectures, four labo-
ratory sessions provide hands-on experience: the design and testing of a tubular chassis,
analysis of tires and vehicle components, and procedures related to periodic motor vehicle
inspection. In addition to developing technical expertise, the course emphasizes teamwork,
problem-solving, and the ability to translate theoretical concepts into practical applications,
making it a comprehensive foundation for advanced study and professional practice in
automobile engineering.

To improve the quality of teaching, Universidad Carlos III de Madrid (UC3M) launches
calls for innovative teaching projects every year. These initiatives aim to help professors try
new methods and tools that make learning more engaging and effective for students. The
projects can cover different areas, such as creating new learning materials, encouraging stu-
dent participation, improving assessment methods, or testing new teaching methodologies.
Recently, a special focus has been placed on the use of generative artificial intelligence in
education, recognizing its potential to transform the way students learn and interact with
course content. Through these calls, UC3M supports teachers in adapting their courses to
new challenges and in better preparing students for their professional future.

Over the past two years, the professors leading the Vehicle Theory course have actively
participated in the university’s calls for innovative teaching projects, focusing on enhancing
two key aspects of the course, with the help of GenAl:

1. Increasing student engagement and attendance. Classes are made more interactive and
motivating to encourage consistent attendance. At the start of each session, students
complete a 10 min flipped classroom activity, summarizing previous lessons and using
GenAl to support their understanding and explanations.

2. Supporting student projects. Students apply GenAl tools to assist in the design and
optimization of a tubular chassis for automobiles. The Al supports them in generating
ideas, performing analyses, and exploring alternative solutions throughout the project.

Specifically, our innovative teaching projects aim to achieve the following:

*  Promote active attendance in typically theoretical lecture sessions.

e  Facilitate understanding of key concepts by highlighting essential ideas and practical
examples, supported by GenAl.

*  Raise awareness of environmental and sustainability considerations within the design process.

*  Develop teamwork skills, enabling students to collaborate effectively.

e Foster critical thinking, particularly regarding results obtained using GenAl tools.

e  Train students to produce justified reports documenting their use of GenAl in projects.

e Enhance communication skills, ensuring clarity and technical rigor in both written
and oral presentations.

For these purposes, the first class introduces students to the core concepts of GenAl,
explaining how these models operate and providing practical guidance on how to construct
effective prompts. While students were permitted to use any GenAl platform, the majority
utilized ChatGPT or Google Gemini. To ensure equitable access and data security, the
University provided a professional Gemini license to the entire academic community. Usage
was monitored through a required “Al Disclosure” in project submissions, where students
documented the specific tools and prompts used in their work.

The following sections examine the strategies implemented to meet these objectives
and their impact on student learning. In Section 3, the use of GenAl for improving student
attendance through a flipped classroom experience is described. In Section 4, the use of
GenAl for supporting engineering projects is presented.
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3. Improving Student Attendance and Learning Through Active
Participation Based on GenAl

The objective is to promote collaborative, self-directed, and active participation
through brief exercises at the beginning of each lecture.

Students voluntarily deliver a two-minute “elevator pitch” summarizing key concepts
from the previous class and provide practical examples. They then have 30 s to discuss
how they used GenAlI, noting its strengths and weaknesses in completing the task. The
activity, lasting no more than 15 min, includes presentations, peer questions, and a final
summary by the instructor, with additional points awarded to those who present.

This activity led to a range of notable student outcomes, reflecting both student
engagement and the ability to apply GenAl tools for learning. Students applied GenAl to
structure presentations, summarize key concepts and generate visual aids. While some
outputs were simplified or occasionally inaccurate, many students successfully used Al to
clarify complex topics, create graphs, or compare theoretical and practical scenarios. The
activities encouraged self-directed learning, critical evaluation of Al-generated content,
and active participation, with students presenting material in class and integrating GenAl
to enhance clarity and organization. Overall, this activity fostered technical understanding,
creative problem-solving, and improved communication skills, showing how GenAl can
support both individual and collaborative learning.

During the first four weeks of the course, no students volunteered for the brief presenta-
tions. However, starting in week five, participation gradually increased, culminating in week
14 with five presentations in a single lecture, exceeding the originally planned maximum of
three per session. Students quickly realized that while GenAl provided useful theoretical
information, its outputs for the practical case study were often inaccurate or incomplete. This
prompted them to actively seek additional sources, adapt the Al's suggestions, and explore
alternative solutions, a learning mechanism that sparked significant interest and discussion,
particularly during the 30 s segment devoted to explaining the AI’s role in each task.

Students also discovered the potential of GenAl for generating presentations and
infographics, skills not typically emphasized in engineering courses. Their enthusiasm
grew as they experimented with different tools and approaches, motivating more students
to present voluntarily and attend lectures to see the insights their peers had uncovered.

In the 2023-2024 academic year, no specific measures were applied to the main lectures.
In contrast, the 2024-2025 academic year implemented the brief presentations and assessed
their impact on both attendance and overall learning outcomes. This approach successfully
stopped the usual decline in lecture attendance observed in previous years, resulting in a
23% increase in average attendance by the end of the 14-week course.

Participation in the voluntary presentations showed a positive correlation with aca-
demic success. Notably, 100% of the students who volunteered for these sessions passed
the course on their first attempt. While these results may partly reflect the high motiva-
tion of the volunteers, the 0.25-point incentive (up to 0.5 points total) encouraged active
engagement with complex topics. This suggests that the process of preparing and deliv-
ering GenAl-supported presentations reinforced the students” mastery of the material,
contributing to their successful completion of the course.

4. Supporting Engineering Projects with GenAl

Throughout the Vehicle Theory course, students are required to design and construct
a tubular chassis model using balsa wood, followed by an evaluation of its stiffness, which
constitutes a fundamental parameter in characterizing the dynamic response of vehicle
structures to external excitations.
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The incorporation of GenAl (during the academic years 2023-2024, 2024-2025) must
serve students on multiple functions, including facilitating information retrieval, support-
ing design optimization, and ensuring adherence to technical and sustainability criteria.
This pedagogical innovation is structured around two complementary approaches. First,
the Active Learning in Digital Teaching framework allows students to employ Al as a
resource for exploring automotive engineering concepts, gathering relevant data, and
proposing designs aligned with the United Nations Sustainable Development Goals (SDGs).
Second, the Service-Learning approach fosters collaborative project development, wherein
students apply Al-assisted methodologies to optimize material selection and resource
efficiency in the design of sustainable chassis models. Collectively, the project seeks to
strengthen students’ technical competencies while promoting their capacity to address
contemporary challenges in sustainable engineering.

The project is carried out collaboratively in groups of three students, fostering team-
work and the development of interpersonal skills essential to engineering practice. Two
dedicated course sessions are allocated to the project:

¢  Session 1. Week 3. During this class, students are introduced to the technical guide-
lines governing the chassis design, including specifications such as maximum weight,
track width, and permissible wheelbase range. In addition, instructions are provided
on the integration of GenAl tools to support the decision-making process in chassis
selection and preliminary design.
The chassis represents the primary structural element of a vehicle, serving as the foun-
dation upon which all other components are mounted. It bears static and dynamic
loads while ensuring structural integrity and occupant protection in the event of a
collision. Consequently, students are expected to design their chassis by considering
critical engineering trade-offs between stiffness, weight, and spatial efficiency. Empha-
sis is therefore placed on the necessity of adhering to defined project requirements, as
these are integral to professional engineering practice.
Following this introductory session, students begin independent group work in teams
of three. To support this, a dedicated technical session is held during the main course
to provide training in the use of finite element analysis software, specifically ANSYS
and Abaqus. Each group is then tasked with developing a chassis design, supported by
these tools to model the geometry and assess its structural performance prior to physical
construction (see Figure 1). To complement their technical analysis, students are encouraged
to employ generative Al tools for tasks such as retrieving design information, exploring
alternative solutions, and seeking software guidance, with the caveat that all Al-generated
outputs must be critically evaluated and validated against authoritative sources.
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Figure 1. An example of a structural evaluation of a vehicle chassis using Abaqus.
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. Session 2. Week 14. In this class, students deliver an oral presentation in which they
justify their chassis design (see Figure 2) and describe how GenAl tools supported
them throughout the different phases of the project. Following the presentations, each
chassis is weighed and subjected to an experimental test in which a vertical load is
applied at the ends of the axle shafts in order to evaluate torsional stiffness.

Figure 2. Some of the vehicle chassis designed by the Vehicle Theory students.

Once the tests are completed, each group receives a technical score based on the
relative performance of their chassis with respect to two key parameters: the lowest
mass achieved within the class and the highest torsional stiffness measured. The final
score is calculated according to the following expression:
in<5ipi)class

Pmin 5min m
. 4
P, +0.3 5, +0 5P

Score = 0.4 (0.3 > + 0.6Gesign )

where:

= Gesign: Evaluation of design parameters, including the group presentation and the
accompanying technical report that explains the rationale behind the final design.

- Pyin: Mass of the lightest chassis among all groups.

—  Pi: Mass of the chassis being evaluated.

- Omin: Minimum vertical displacement recorded during testing among all groups.

- J;: Vertical displacement measured for the chassis being evaluated.

- min(6;P;)¢ass: Minimum product of vertical displacement and mass obtained
among all groups, used as a reference value for comparative assessment.

From the perspective of the department, the implementation of this proposal has
contributed to measurable improvements in both student autonomy and overall course
outcomes. The number of tutorial requests declined by approximately 30% compared to
previous academic years, indicating that students were more capable of resolving difficulties
independently. Furthermore, the project coincided with an average increase of 8% in final
grades compared with the mean of the three preceding courses, during which grade
variation had consistently remained below 5%. While a definitive causal relationship
cannot be established, it is noteworthy that the integration of GenAl constituted the sole
modification to the course structure during the period under consideration.

5. Evaluation of Student Perspectives on Learning with GenAl

In order to evaluate how students perceived the use of GenAl in the Vehicle Theory
course over the past two years (academic years 2023-2024, 2024-2025), an anonymous
survey was distributed to enrolled students using the Moodle platform. The purpose of
this survey was to gather information on three aspects of student experience: (1) prior
experience with GenAlI tools; (2) course-related experience, such as the ease of interacting
with GenAl in tasks related to Vehicle Theory and the adequacy of the responses received;
and (3) engineering experience, including students” assessment of the suitability of GenAl
for engineering applications.
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The survey was distributed at the conclusion of the course through the Moodle
platform. In an effort to promote engagement, professors underscored the confidentiality of
responses and the survey’s significance in enhancing the quality of future instruction. The
sample consisted of 132 students, representing approximately 60% of the total enrollment
for the subject, with half drawn from the 2023-2024 academic year and the remainder from
2024-2025. The survey is provided in Appendix A.

The survey revealed that only 2 students reported no prior knowledge of Generative
Al tools, while 9 had never used them before enrolling in the Vehicle Theory course. Among
the students who had previously used GenAl, 94% indicated that they had done so for
academic purposes. Overall, ChatGPT emerged as the most popular tool, selected by over
95% of the students.

Regarding the quality of GenAl responses, over 93% of students consider these tools
easy to use for technical purposes. However, their suitability at the university level is
somewhat limited, as 15% of students expressed concerns about the usefulness of GenAl
in an academic context. About response clarity and completeness, 59% of students found
GenAl responses suitable during the 20232024 course, increasing to 68% in the 2024-2025
course. This improvement is reasonable, given the rapid evolution of GenAlI tools. Student
feedback on prompt iteration further supports this trend: students in the 2024-2025 course
reported that fewer iterations were needed to obtain an adequate technical answer.

Attending to response validation, students exhibited high confidence in GenAl tools,
with only 18% reporting that they consulted external sources to verify the responses.
This observation is noteworthy, considering that 50% of students identified instances of
information bias in the generated responses, highlighting a potential overreliance on these
tools despite recognized limitations. Some relevant anonymous student answers on the
GenAl bias are cited below:

*  The responses generated are often vague and overly general; when specific, concrete questions
are posed, the Al frequently fails to provide clear or precise answers.

e It can be challenging to obtain answers that are tightly focused on the intended topic. For
instance, when inquiring about strength of materials, the Al often digresses, addressing broader
mechanical issues or the composition of materials rather than the specific topic.

*  The effectiveness of the responses heavily depends on how the questions are formulated. While
the Al performs well with theoretical inquiries, it may struggle to generate responses that
require creative or nuanced reasoning.

Many students found GenAl tools to be very useful for engineering projects, such as
designing and building the wooden chassis in this course. These tools helped students
solve technical problems, organize their work, and make decisions more efficiently. Al
was especially helpful for tasks that are repetitive, complex, or require careful calcula-
tions, allowing students to focus on design and analysis rather than tedious manual work.
The following anonymous student comments show how they used Al to improve their
workflow, optimize materials, and better understand technical concepts:

e Tooptimize the use of wooden slats, we tested whether artificial intelligence could help determine
the most efficient way to cut 1 m rods into different lengths. The results showed the optimal
combination of rod lengths to minimize waste. Al was particularly useful for automating the
tedious task of sorting and optimizing groups within larger sets, which is more efficient for a
computer than a human.

*  ChatGPT proved to be a valuable resource when using the ABAQUS program. It helped clarify
differences between TRUSS and BEAM elements and guided us in extracting high-resolution
images from the software, which were included in the report.
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e In general, Al tools supported technical problem-solving by providing clear guidance on com-

putational and structural tasks, streamlining work that would otherwise be time-consuming

and prone to errots.

Results are summarized in Figure 3.

A. Evolving Perception &
Suitability Trend (N=132)

B. The Verification Paradox
& Critical Assessment

C. Engineering Workflow
Utility & Applications

Summary of Student Perspectives on GenAl in Vehicle Theory Course (2023-2025)
|

Improved perception; 68%
Fewer iterations reported ="

59% /

Responses Suitable 2024-2025
(Clarity/Completeness) (n=66)

Easy for Technical Purposes: >93% Avg

2023-2024
Dominant Tool: ChatGPT (>95%)

2024-2025

Identified Info Bias
(e.g., vague, digressive)

50%

Verification Gap:
Potential
Consulted External nggse;‘;\?g ¢
Sources (Verification) recognized

limitations
18%

Bias Themes (Qualitative)

+ Vague/general answers to concrete
questions

« Digressions from focused technical topics

+ Heavy dependence on prompt
formulation

Traditional Workflow:
Tedious Manual Work
(e.g., sorting,
repetitive calcs)

[ GenAl-Assisted

Workflow:
Focus on Design
& Analysis

‘ 1. Material
Optimization
(e.g., efficient cutting
L_o_l wooden slats)

2. Software
Guidance
(e.g., ABAQUS
‘ element clarification,
. TRUSS vs. BEAM)

3. Streamlining
Problem-Solving
(Clear guidance on
‘computational tasks)

Data Source: Ananymous survey of N=132 students (2023-2025). Moodle distribution, confidential responses.

Figure 3. A summary of the student’s perspective on GenAl for the Vehicle Theory course.

6. Discussion

The project experience indicates that GenAl tools, particularly ChatGPT, were widely
recognized and used by students during the Vehicle Theory course. Most students reported
prior exposure to GenAl, and a majority utilized these tools for academic or technical
purposes. ChatGPT was the most commonly used tool, reflecting its accessibility and
ease of use for engineering-related questions. Students generally found GenAl responses
clear and comprehensive, and the number of iterations required to obtain satisfactory
answers decreased between the 2023-2024 and 20242025 courses, suggesting that students
quickly adapted to formulating effective prompts. While this comparison involves two
distinct student years, the fundamental technical requirements and design constraints
for the chassis remained identical across both years. Therefore, the observed reduction
in design iterations is interpreted as a positive indicator of engineering efficiency. This
demonstrates that students utilized GenAl as an effective “co-pilot” to troubleshoot finite
element analysis modeling errors and reach optimized solutions more rapidly.

One of the central objectives of introducing GenAl was to support a flipped classroom
approach, where students summarize previous lessons at the beginning of each session.
This approach aimed to reduce absenteeism while encouraging active participation and
knowledge consolidation. Survey results suggest that GenAl can partially fulfill this
role, as students reported that the tools were useful for understanding theoretical concepts,
completing exercises, and supporting the Vehicle Theory chassis project. Responses indicate
that Al helped students navigate computational and technical challenges independently,
providing structured guidance that complements classroom instruction.

However, several limitations emerged. While students reported high confidence in
GenAl responses, only 18% consulted other sources to verify accuracy, despite 50% iden-
tifying information bias. This points to a risk of overreliance on Al and underscores the
importance of verification to maintain academic rigor. This “verification gap” suggests a sig-
nificant GenAl literacy challenge: while students are cognitively aware of potential bias, the
perceived efficiency of the tool may disincentivize traditional cross-referencing. Furthermore,
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students may over-rely on their own ability to self-correct technical errors, underestimating
the subtle nature of Al hallucinations. Additionally, the quality of Al-generated responses
depended heavily on prompt clarity. Poorly focused questions often resulted in general
or tangential answers, which may limit the tool’s effectiveness in fully replacing direct in-
struction. Tasks requiring creativity or context-dependent problem-solving were still better
supported by human guidance.

If the project were conducted again, several improvements could enhance both learn-
ing outcomes and evaluation of GenAl tools. Providing structured guidance on effective
prompt formulation could reduce iterations and improve answer relevance. Integrating
mandatory verification exercises, where students cross-check Al outputs against authori-
tative sources, would mitigate overreliance and reinforce critical thinking. A systematic
assessment of Al support across different project stages, including technical and creative
tasks, would offer a more complete understanding of the tool’s strengths and limitations.

Overall, GenAl tools showed considerable potential for enhancing learning in the
Vehicle Theory course and supporting the flipped classroom model. When combined with
guided instruction, iterative prompting, and verification, GenAlI can facilitate independent
learning, improve engagement, and reduce absenteeism, while maintaining academic rigor.

The discussion is summarized in Figure 4.

[ Synthesis of Discussion: GenAl Integration, Risks, and Future Pathways in Vehicle Theory Course ]

W
A. Integration into Flipped Classroom | | B. Critical Challenge: The Overreliance || C. Recommendations for Balanced
Model & Observed Benefits Trap & Verification Gap Implementation & Future Pathway
Flipped Classroom Goal: - [ 1. Provide Structured Guidance
Reduce Absenteeism, Encourage A @ on Effective Prompt Formulation
Active Participation L
& N MAJORRISK:
R Overreliance @
oA Jeephe 7 2 Integrate MANDATORY
Widespread GenAl Adoption High (50%gawa,eness) Verification Exercises
(ChatGPT dominant) for Theory & Student
Technical Challenges (e.g., Confidence @
Chassis Project) & Rapid Verilﬁf:vavtion = 5
—J Adaptation . Systematic Assessment across
Key Trend: / ificati Rate @ Technical vs. Creative Stages
Rapid Student G (Only 18% & )
Adaptation (Decreasing consulted g
prompt iterations) sources)
OPTIMAL SYNTHESIS: GenAl
Qutcome: Supports independent Constraints: Quality depends on + Guided Instruction + Verification
navigation, complements prompt clarity; Human guidance = Enhanced Independent Learning
classroom instruction essential for creative tasks Learning & Academic Rigor
\ s \ J

Figure 4. Discussion summary.

7. Conclusions

This paper has presented the outcomes of a two-year innovative teaching project con-
ducted in the Vehicle Theory course, part of the fourth-year Mechanical Engineering degree
at the Universidad Carlos III de Madrid. The project focused on the integration of GenAl
with the dual objectives of promoting ethical academic usage and encouraging student
attendance through active learning strategies, including a flipped classroom approach.

The results indicate a high degree of student satisfaction and engagement. Students
reported that GenAl tools provided valuable support for project work, offering optimiza-
tion strategies, initial guidance, and resources to create clearer, more visual, and attractive
presentations. While GenAl currently does not provide fully developed practical applica-
tions of theoretical concepts, students recognized its potential to generate innovative ideas
when combined with appropriate knowledge and guidance.

Moreover, the implementation of GenAl and active learning strategies led to observ-
able improvements in attendance and academic performance, as reflected in enhanced
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evaluation scores. Specifically, a 23% increase in average attendance was achieved com-
pared to the previous year, which did not incorporate the flipped classroom approach.
Students highlighted a desire for more practical activities and active participation to make
in-person attendance more rewarding, suggesting avenues for future course development.

For future work, the integration of interactive chatbots specifically designed for Vehicle
Theory could enhance learning outcomes further. These chatbots could provide real-time
guidance, contextual explanations, and step-by-step problem-solving support, effectively
complementing both classroom and independent learning. Tailoring chatbots to the course
content would allow for more targeted responses than general-purpose GenAl tools, while
also reinforcing critical thinking and verification practices.

Overall, the project demonstrates that GenAl can serve as a powerful complemen-
tary tool in engineering education. When used ethically and strategically, it supports
independent learning, stimulates creativity, and contributes to better student engagement
and learning outcomes, while highlighting the continued value of structured, hands-on
participation in the classroom.
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Appendix A
Survey questions

1. Were you aware of any GenAl tools, such as ChatGPT, before studying Vehicle Theory?
(Yes/No)

2. Have you used a GenAl tool, such as ChatGPT, prior to studying Vehicle Theory?
(Yes/No)

3. Have you used GenAl tools for any academic or technical purposes before studying
Vehicle Theory? (Yes/No)
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10.

11.

12.

13.

14.

15.

16.

17.

18.

References

Which GenAls have you used as an assistant during Vehicle Theory? (ChatGPT/Bing/
Bard /Others)

Are GenAl tools easy to use when looking for answers to technical questions or doubts
at the university level? (Yes/No)

Are GenAl tools useful for finding answers to technical questions or doubts at the
university level? (Yes/No)

On a scale from 0 (not useful) to 10 (very useful), please rate the usefulness of GenAl
tools. (0-10 Likert scale)

Are GenAl answers to technical questions clear and complete? (Yes/No)

How many iterations were required to obtain an answer that was deemed accurate?
(1/2-3/4 or more)

Did you consult non-GenAl sources to verify the accuracy of the GenAl answers?
(Yes/No)

If you consulted additional sources to verify the accuracy of the GenAl answers, could
this task be conducted with ease? (Yes/No)

Have you observed any information bias in GenAlI? For example, does GenAl overex-
plain certain aspects to compensate for lack of knowledge in other fields? (Yes/No)
Please rate the accuracy of the GenAl answers on a scale of 0 (not accurate) to 10 (very
accurate). (0-10 Likert scale)

Would you like to provide some feedback on the accuracy of the answers? (Open-
ended question)

Do you think that GenAl tools can replace search sources such as books, research
articles or libraries? (Yes/No)

Do you believe that GenAl can replace lectures or books to study the Vehicle Theory
course? (Yes/No)

To which questions related to Vehicle Theory can GenAl answer properly? (Theoretical
concepts | Application examples | Equations and formulas | Exercises)

Please evaluate the support provided by GenAl in the Vehicle Theory chassis project.
Use a scale from 0 (not useful at all) to 10 (extremely useful) to rate the following aspects:

e  Basic information (0-10 Likert scale)

¢ Problem formulation (0-10 Likert scale)

¢  Chassis selection (0-10 Likert scale)

¢  Torsional stiffness (0-10 Likert scale)

®  Chassis design (0-10 Likert scale)

®  Chassis optimization (0-10 Likert scale)

¢  Finite element modelling (0-10 Likert scale)
e Balsa wood processing (0-10 Likert scale)
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