
70 Vol.17, núm. 1 – Abril 2025 – e-ISSN 2007-1094

Volumen 17, número 1, pp. 70-85 | Universidad de Guadalajara
http://doi.org/10.32870/Ap.v17n1.2593

Enhancing challenge-based learning with ChatGPT
and product design methodologies

Mejorando el aprendizaje basado en retos con ChatGPT y

metodologías de diseño de productos

Salvador González-García*
Instituto Tecnológico y de Estudios Superiores de Monterrey 

http://orcid.org/0000-0002-2418-8197

Gerardo Loreto-Gomez**
Tecnológico Nacional de México, México

http://orcid.org/0000-0002-3960-8801

Jorge Rodríguez-Arce***
Universidad Autónoma del Estado de México

https://orcid.org/0000-0003-0289-7061

Recepción del artículo: 26/09/2024 | Aceptación para publicación: 06/01/2025 | Publicación: 30/03/2025

ABSTRACT

This study assessed the effectiveness of incorpo-
rating product design tools and ChatGPT into a 
challenge-based learning task, specifically a ro-
botics challenge within a Mechanisms course for 
mechatronics students. The objective was to de-
sign and build a mobile robot mechanism capable 
of removing a flag from another robot. Students 
were divided into a control group and an experi-
mental group, with both utilizing tools such as 
the House of Quality, Function Block Diagram, 
and Failure Mode and Effects Analysis (FMEA), 
with ChatGPT providing additional support. The 
methodology included instruction on the tools 
and their integration with ChatGPT. Results in-
dicated that the experimental group outperformed 
the control group in task fulfillment, repeatability, 
and originality criteria. These findings suggest that 
combining traditional product design tools with AI 
tools like ChatGPT can enhance the ideation pro-
cess and improve project outcomes. The potential 
for future research to explore and incorporate ad-
ditional design methodologies is promising and 
could further validate these results.
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Resumen

Este estudio evaluó la efectividad de incorporar 
herramientas de diseño de productos y ChatGPT 
en una tarea de aprendizaje basada en retos, en 
este caso, la construcción de un robot como parte 
de un curso de Mecanismos para estudiantes de 
mecatrónica. El objetivo era diseñar y construir 
un mecanismo de robot móvil capaz de quitar 
una bandera de otro robot. Los estudiantes se 
dividieron en un grupo de control y un grupo ex-
perimental, utilizando herramientas como Casa 
de la Calidad, Diagrama de Bloques Funcionales 
y Análisis de Modos y Efectos de Falla (AMEF) 
en combinación con ChatGPT como herramien-
ta de apoyo académico. La metodología implicó 
instrucción sobre las herramientas y su integra-
ción con ChatGPT. Los resultados indicaron que 
el grupo experimental superó al grupo de con-
trol en cumplimiento de tareas, repetibilidad y 
criterios de originalidad. Además, los resultados 
muestran que la combinación de herramientas 
de diseño de productos tradicionales con herra-
mienta de IA, como ChatGPT, mejoran el proce-
so de ideación y perfeccionan los resultados del 
proyecto.
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INTRODUCTION

Experiential Education proposes that learn-
ers must be engaged in contexts of ad-

venture and challenge to push students out of 
their comfort zones and into the learning zone 
(Northern Illinois University Center for In-
novative Teaching and Learning, 2012). In an 
ideal scenario, learning does not end after com-
pleting the task.

As Apple Inc. (2010) explains, Challenge-
Based Learning (CBL) is a dynamic and collabor-
ative learning approach in which students works 
alongside experts and teachers to develop solu-
tions to real-world problems. The activities, tasks, 
or situations presented are not only stimulating 
and challenging but also promote teamwork and 
a sense of shared accomplishment.

Ulrich and Eppinger (2004) proposed a com-
prehensive framework of tools and methods for 
designing and developing new products and ser-
vices. Their approach begins with opportunity 
identification, followed by client needs identifi-
cation, product specifications, concept genera-
tion, concept selection, proof of concept, product 
architecture, and industrial design, among other 

stages. Notably, it can also be adapted to the de-
velopment of academic projects.

Design thinking, another widely used method-
ology, focuses on generating innovative solutions 
through five stages: empathize, define, ideate, 
prototype, and validate, as outlined by Brown 
(2008). Both design thinking and CBL have been 
integrated into a Mobile App Development course 
to leverage the strengths of these methodologies 
(Gama et al., 2018).

In the last years, Artificial Intelligence (AI) 
tools have been incorporated into education. Pre-
vious studies suggest that the use of AI tools in 
education enhances learning outcomes, improves 
motivation and self-regulation, facilitates teach-
er-student communication, and reduces admin-
istrative workload (Bilad et al., 2023). IA tools 
enhance students’ motivation and learning strat-
egies by providing them with indicators that help 
monitor and reflect on their learning processes. 
Moreover, IA tools contribute to more effective 
and engaged learning, ultimately improving edu-
cational outcomes (Michailidis et al., 2022).

ChatGPT is a free-to-use AI model developed 
by OpenAI that generates human-like responses 
in conversational contexts. It was launched on 
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The rapid generation of text 
by AI models like ChatGPT 
has raised concerns about 

academic cheating, leading 
some educators to call for 
developing new forms of 

assessment that can better 
safeguard against misuse

November 30, 2022, marking a significant ad-
vancement in conversational AI. OpenAI has con-
tinued to refine and expand the ChatGPT model 
by incorporating ongoing advancements in natu-
ral language processing (NLP). Baidoo-Anu and 
Owusu (2023) propose several educational appli-
cations for ChatGPT in education, such as interac-
tive learning and personalized tutoring. However, 
they also highlight its limitations, including the 
generation of incorrect information when ques-
tions are poorly formulated or when the training 
data is insufficient or inaccurate. Similarly, Fuchs 
and Aguilos (2023) examine ChatGPT’s potential 
as a tool for university students, emphasizing its 
use as a digital tutor, essay writer, or idea genera-
tor. They also provide an ethical perspective, sug-
gesting that university authorities should regulate 
its use.

The integration of ChatGPT into higher educa-
tion has sparked significant interest and debate. 
Studies such as the one conducted by Baidoo-Anu 
and Owusu (2023) highlight the tool’s potential 
to enhance learning through interactive and per-
sonalized tutoring. Students have acknowledged 
the usefulness of ChatGPT in providing immedi-
ate feedback, generating ideas, and assisting in 
various stages of the academic process. A survey 

conducted at the University of Hertfordshire, 
UK, involving 430 computer science students, 
found that while many students are familiar with 
ChatGPT, its application in academic contexts re-
mains underutilized. These findings suggest that 
although students recognize its potential, skep-
ticism exists about its positive impacts on learn-
ing (Singh et al., 2023). This skepticism may 
stem from the lack of clear guidelines and the 
need for more education on effectively integrat-
ing ChatGPT into academic practices.

Moreover, the emergence of ChatGPT has also 
introduced new challenges, particularly concern-
ing academic integrity. The rapid generation of 
text by AI models like ChatGPT has raised con-
cerns about academic cheating, leading some 
educators to call for developing new forms of as-
sessment that can better safeguard against mis-
use (Adeshola & Adepoju, 2023). The perception 
of ChatGPT’s role in education is not uniform, 
as revealed by sentiment analysis studies on so-
cial media platforms, where opinions range from 
highly favorable to critical.

Despite these challenges, systematic literature 
reviews indicate that, when properly implement-
ed, ChatGPT can positively impact the teaching-
learning process. However, the success of its 
implementation heavily depends on the educa-
tors’ ability to use the tool effectively and on de-
veloping comprehensive guidelines that address 
its benefits and limitations (Montenegro-Rueda 
et al., 2023). Additionally, research into students’ 
perceptions of ChatGPT reveals a generally favor-
able attitude towards its use, with reported benefits 
including time savings, personalized feedback, and 
assistance in idea generation (Romero-Rodríguez 
et al., 2023). However, significant barriers re-
main, such as the difficulty in assessing the qual-
ity and reliability of AI-generated content and 
ensuring that ChatGPT is used ethically within an 
academic context (Michel-Villarreal et al., 2023; 
Ngo, 2023).

Critical analyses of ChatGPT in education-
al contexts reveal its transformative potential 
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On the other hand, critical 
perspectives highlight the 
potential risks associated 
with ChatGPT, including the 
homogenization of thought, ethical 
concerns, and the perpetuation of 
biases inherent in its training data

and challenges. Studies have highlighted that 
ChatGPT can be a powerful tool for enhancing 
creativity, providing immediate feedback, and 
supporting students’ academic endeavors. How-
ever, its benefits depend significantly on how 
educators introduce and guide it. For instance, 
systematic reviews emphasize the importance of 
aligning ChatGPT’s use with pedagogical objec-
tives to prevent over-reliance on the tool and to 
maintain academic integrity (Choque-Castañeda 
et al., 2023). This requires educators to establish 
clear guidelines and ensure students understand 
AI tools’ strengths and limitations.

On the other hand, critical perspectives high-
light the potential risks associated with ChatGPT, 
including the homogenization of thought, ethical 
concerns, and the perpetuation of biases inherent 
in its training data. Researchers have observed 
that while ChatGPT can democratize access to 
information and ideas, it may also inadvertently 
discourage deeper critical thinking and the de-
velopment of original arguments if used without 
proper oversight (Guevara et al., 2024). Despite 
these challenges, frameworks that integrate Chat-
GPT as a complementary tool rather than a stand-
alone solution can maximize its benefits while 
mitigating risks. By fostering reflective and re-
sponsible usage, educators can leverage ChatGPT 
to enhance learning outcomes while maintaining 
a focus on critical engagement and ethical prac-
tices (Pérez, 2024).

In the context of CBL courses, students can 
quickly generate a wide range of creative ideas 
and solutions, which is crucial in courses focused 
on solving real-world challenges. This AI-driven 
tool enables students to explore diverse perspec-
tives and refine their ideas more efficiently. Ad-
ditionally, AI tools like ChatGPT assist in the 
ideation process by offering suggestions that 
students might not have considered, thereby 
broadening the scope of potential solutions. This 
capability accelerates the problem-solving and 
deepens the learning experience by encouraging 
critical and iterative thinking. Thus, ChatGPT 

proves to be a valuable resource within the CBL 
framework, fostering innovation and enhancing 
overall educational outcomes (Thong et al., 2023).

Implementing CBL in engineering education 
has shown significant promise in enhancing stu-
dents’ ability to integrate theoretical knowledge 
with practical problem-solving. Studies demon-
strate that CBL fosters collaboration, creativity, 
and critical thinking by immersing students in re-
al-world challenges that require interdisciplinary 
approaches (Terenzano et al., 2022). This meth-
odology is particularly effective in courses such as 
mechatronics and robotics, where the complexity 
of tasks requires the application of diverse skills 
and tools. In this context, integrating AI-driven 
tools like ChatGPT aligns seamlessly with the ob-
jectives of CBL. These tools not only accelerate 
the ideation process but also broaden the range of 
potential solutions, empowering students to ad-
dress challenges more effectively.

Moreover, ChatGPT has been shown to com-
plement traditional engineering education meth-
ods by providing immediate feedback, refining 
design processes, and supporting technical un-
derstanding. For instance, its use in mechanical 
engineering education has enabled students to 
clarify complex concepts, explore alternative so-
lutions, and validate their reasoning, making it an 
ideal companion to the iterative and exploratory 
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The present study seeks 
to explore the integration 

of ChatGPT and traditional 
product design tools as part 

of a comprehensive evaluation 
framework, aiming to 

enhance the ideation process 
and project outcomes in 

engineering education

nature of CBL (Ojeda et al., 2023). By integrating 
ChatGPT into the CBL framework, educators can 
enhance the depth and breadth of student engage-
ment, bridging the gap between theoretical learning 
and practical application. This synergy underscores 
the transformative potential of combining innova-
tive pedagogical methodologies with cutting-edge 
AI technologies in engineering education.

Incorporating robust evaluation methodolo-
gies is essential to strengthen the validity and 
reliability of outcomes in educational research. 
Meta-analyses and systematic reviews have high-
lighted the importance of using validated in-
struments and critical evaluation frameworks to 
assess the effectiveness of pedagogical approaches 
in diverse learning contexts. For instance, the ap-
plication of meta-analysis in educational settings 
provides a replicable and objective methodology 
to synthesize data from multiple studies, offer-
ing a comprehensive understanding of underly-
ing patterns and trends (Botella & Zamora, 2017). 
Such approaches emphasize the need for rigorous 
instrument design and validation, particularly 
when evaluating innovative interventions like AI 
tools in CBL.

Furthermore, studies analyzing evaluation 
methodologies in competency-based education 
have underscored the significance of aligning 
evaluation criteria with learning objectives to en-
sure meaningful assessments. By integrating vali-
dated tools and reflective practices, researchers 
can more effectively capture the nuances of stu-
dent learning experiences and outcomes (Salazar 
& Donoso, 2013). These insights are particularly 
relevant for the context of CBL, where the dy-
namic and iterative nature of the learning process 
requires a multi-faceted approach to evaluation. 
Building on this foundation, the present study 
seeks to explore the integration of ChatGPT and 
traditional product design tools as part of a com-
prehensive evaluation framework, aiming to en-
hance the ideation process and project outcomes 
in engineering education.

This study evaluated the effectiveness of in-
corporating product design tools and ChatGPT 
into a CBL course, specifically within a robotics 
challenge in a Mechanisms course for fifth-semes-
ter mechatronics students. The primary objective 
for the students was to design and build a mobile 
robot mechanism capable of removing a flag from 
another robot. This investigation aims to examine 
the impact of using ChatGPT on enhancing the 
students’ ideation process and improving project 
outcomes.

METHODOLOGY

Participants

The experiment to execute the challenge was con-
ducted with two groups of 30 fifth-semester un-
dergraduate students enrolled in a Mechanisms 
course. Students were organized into teams of 
three or four members. The first group (control 
group) only used product design tools to solve 
the challenge. The second group (experimental 
group) used product design tools in combina-
tion with ChatGPT to solve the challenge. In both 
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Together, these tools were 
selected for their complementary 
strengths in guiding the ideation, 
analysis, and refinement stages 
of the design process, making 
them particularly suitable for the 
context of the robotics challenge

groups, the students did not have prior knowl-
edge of the product design tools or their useful-
ness before the experiment. To ensure a fair 
comparison between the two groups, the teacher 
used an evaluation rubric focused on the effec-
tiveness of problem-solving through the applica-
tion of product design tools, independent of the 
use of AI tools.

Implementation

Initially, the professor explained the theoreti-
cal concepts and examples of the product design 
tools in both groups:

•	 The House of Quality emphasizes the im-
portance of prioritizing the elements of 
the project and establishing comparisons 
against competitors.

•	 The Function Block Diagram analyzes the 
functions required to complete the task ap-
propriately.

•	 The FMEA aims to identify potential project 
failures, learn how to prioritize them, define 
actions, and assign responsibility.

The selection of product design tools for this 
study was guided by their proven effectiveness in 
engineering education and professional design 
processes. The House of Quality was chosen for 
its ability to translate customer or project require-
ments into prioritized design elements, fostering a 
structured approach to addressing user needs while 
benchmarking against competitors. The Function 
Block Diagram was included due to its utility in 
systematically mapping the functional require-
ments of a design, providing students with a clear 
understanding of the relationships between sub-
systems and their roles in achieving the overall 
objective. Finally, the Failure Mode and Effects 
Analysis (FMEA) was employed to help students 
identify potential risks, evaluate their impact, 
and prioritize mitigation actions and critical skills 
to ensure robust and reliable designs. Together, 

these tools were selected for their complementary 
strengths in guiding the ideation, analysis, and 
refinement stages of the design process, making 
them particularly suitable for the context of the 
robotics challenge.

In addition to the class, a series of videos ex-
plaining the product design tools was prepared 
and provided to the students to reinforce their 
learning and understanding. An evaluation was 
conducted to ensure that the students had re-
viewed the material. 

In the case of the experimental group, the pro-
fessor introduced and explained the use of Chat-
GPT. Students participated in a session where the 
application of ChatGPT was demonstrated along-
side the product design tools to help them under-
stand how this AI tool could be utilized to solve 
different problems. For instance, the professor 
asked ChatGPT about potential design failures 
that might arise in a project (e.g., flat knitting 
machine automation) with characteristics similar 
to their challenge, as illustrated in Figure 1. Fol-
lowing this explanation and demonstration, the 
professor assigned exercises for students to prac-
tice using ChatGPT. These exercises ensured that 
students could effectively formulate prompts for 
the AI ​​tool and critically analyze the responses to 
confirm their accuracy and feasibility in address-
ing the problem.
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Figure 1. Example of an FMEA request to ChatGPT (in Spanish).

The challenge’s objective was to design and 
build a mechanism mounted on a mobile robot 
capable of removing a flag from another mobile 
robot. In the next class sessions, the professor ex-
plained the robot’s characteristics and guided the 
initial ideation process. The type of mobile robot 
selected for the mechanism was a Sumo Robot, as 
shown in Figure 2. 

Figure 2. Sumo Robot.

Both groups had the same amount of time to 
complete the challenge and evaluate the results. 
The experimental group was told that they could 
use ChatGPT at any stage of the robot design and 

implementation process. When the students need-
ed help, they asked the teacher to check the elabo-
ration of the prompts. Although a deadline was set 
for the delivery of the project, the professor in both 
groups reviewed the progress made and answered 
any doubts that the students might have.

CBL provides a framework for engaging stu-
dents in real-world problem-solving by encourag-
ing interdisciplinary collaboration and iterative 
thinking. In the context of mechatronics, CBL 
aligns well with the need to integrate theoretical 
knowledge with practical applications, offering a 
dynamic platform for students to develop techni-
cal and non-technical skills simultaneously. The 
first task assigned to students was to prepare a re-
port detailing some of the results of their design. 
Figure 3 presents some sketches from the groups. 
Although the initial sketches do not demonstrate 
a significant difference between the two groups, 
it is essential to note that the students in the ex-
perimental group were the first to deliver the re-
quested progress.

As previously mentioned, the students in the 
experimental group also used ChatGPT, and Fig-
ure 4 shows a prompt they used; the responses 
obtained formed the basis for the idea-generation 
process. ChatGPT was integrated as a supportive 
tool throughout the CBL framework. During the 
ideation phase, it facilitated brainstorming by 
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generating diverse perspectives and potential so-
lutions. In the design phase, ChatGPT provided 
feedback on technical specifications and helped 
refine project ideas. The tool helped students 
troubleshoot and optimize their designs during 
implementation by explaining complex concepts 
and suggesting improvements. Finally, in the 
evaluation phase, ChatGPT supported students in 
articulating their findings and reflecting on their 
learning processes.

Figure 4. Part of a ChatGPT prompt of the experi-
mental group (in Spanish).

In summary, to ensure replicability, a detailed 
implementation protocol was followed. The ex-
periment consisted of the following steps:

1)	 Training on Product Design Tools: Stu-
dents in both groups attended an introduc-
tory session where the House of Quality, 
Function Block Diagram, and FMEA were 
explained with practical examples. Sup-
plementary video materials were provid-
ed, and a follow-up quiz was conducted to 
ensure understanding.

2)	 Training on ChatGPT: The experimental 
group participated in an additional ses-
sion focused on ChatGPT’s functionalities, 
including crafting effective prompts and 
evaluating AI-generated suggestions.

3)	 Challenge Execution: Students were 
tasked with designing and building a mo-
bile robot mechanism capable of remov-
ing a flag from another robot. Both groups 
received identical specifications and time-
frames.

4)	 Supervision and Feedback: Through-
out the project, the instructor monitored 
progress, provided guidance, and clarified 
doubts.

The following resources were required for the 
implementation:

Figure 3. First sketches of one team of the experimental group (Left) and first sketches of one team of the con-
trol group (Right).
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•	 Technological Resources: Laptops with in-
ternet access for running ChatGPT, and 
software for design tools.

•	 Physical Materials: Motors, sensors, mi-
crocontrollers, batteries, and other compo-
nents for building the robots.

•	 Human Resources: A facilitator with exper-
tise in product design tools and AI applica-
tions.

•	 Infrastructure: A laboratory equipped for 
assembling and testing robotic mechanisms.

RESULTS AND DISCUSSION

Opinion of the students

Three questionnaires were administered to the 
students in the group that utilized the product de-
sign tools and ChatGPT to address the challenge. 
The first questionnaire evaluated their prior use 
of ChatGPT in projects for other courses. As in 
shown in Figure 5, nearly half of the students had 
already used ChatGPT for academic projects be-
fore this experiment.

Have you used ChatGPT as support 
to carry out a final project 

in any of your courses?

Yes

No

42.9%

57.1%

Figure 5. Use of ChatGPT in previous projects.

In that questionnaire, students who had used 
ChatGPT in their projects made comments such 

as “(I use it) when I feel out of ideas” or “It helped 
me to generate new ideas.”

The second questionnaire was distributed af-
ter the videos were provided to the students. It in-
cluded the following questions for each tool: 

a)	 How useful do you consider the House of 
Quality for your mechatronic projects? 

b)	 How functional is the Function Block Dia-
gram for your mechatronic projects? 

c)	 How useful do you consider FMEA (Failure 
Modes and Effects Analysis) for your me-
chatronic projects?

A Likert scale ranging from 1 to 5 was used, 
with 1 representing the minimum value and 5 the 
maximum. The results in Figure 6 show that after 
introducing the tools, students were optimistic 
about using the product design tools in their proj-
ects. Although the results are presented for the 
House of Quality, a similar opinion was expressed 
regarding the Function Block Diagram and the 
FMEA.

Finally, another questionnaire was adminis-
tered to the students in the experimental groups 
after the challenge was completed, with the fol-
lowing questions: 

1)	 What was the easiest part of this project/
challenge for you? 

2)	 What was the most difficult part of this 
project/challenge for you? 

3)	 How helpful were the provided tools 
(House of Quality, Function Block Dia-
gram, and FMEA) in combination with 
ChatGPT to carry out this challenge? 

4)	 Would you use ChatGPT again when un-
dertaking a new project/challenge in your 
courses? 

A Likert scale ranging from 1 to 5 was used, 
with 1 representing the minimum value (very lit-
tle) and 5 the maximum value (very much). The 
results for the first two questions are presented 



79Vol.17, núm. 1 – Abril 2025 – e-ISSN 2007-1094

Enhancing challenge-based learning with ChatGPT and product design methodologies

in Figure 7. Notably, half of the students reported 
that the ideation was the easiest part, likely be-
cause the provided tools facilitated the quick 
generation of design ideas. In contrast, the most 
challenging aspect was the implementation, as is 
often the case in projects involving the construc-
tion of physical devices.

Figure 8 presents the results for questions 3 and 
4. On average, students acknowledged the usefulness 

of the provided tools and expressed a greater likeli-
hood of using ChatGPT for future projects.

Finally, for those who indicated they would 
use ChatGPT for future projects, Figure 9 shows 
their preferences regarding the tools they would 
likely use in conjunction with ChatGPT.

The integration of ChatGPT within the CBL 
framework enhances the students’ problem-
solving process rather than a replacement for the 

How useful do you consider the House of Quality for your mechatronic projects?

Strongly disagree

Disagree

Neutral

Agree

Strongly agree

0 (0%)

0 (0%)

0 1 2 3 4 5

2 (18.2%)

4 (36.4%)

5 (45.5%)

Figure 6. Expected usefulness of the House of Quality. 

Easiest part of the challenge Most difficult part of the challenge

Ideation

Programming

Circuit

Implementation

Assembly

Join proposals

Figure 7. The easiest and most difficult part of the challenge.

6

5

4

3

2

1

6

5

4

3

2

1

Usefulness of the tools provided Use of ChatGPT for future projects

Figure 8. Usefulness of the tools provided (Left), and Use of ChatGPT for future projects (Right).
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foundational principles of CBL. By acting as a col-
laborative assistant, ChatGPT reinforces critical 
thinking and creativity, which are core objectives 
of CBL, particularly in tackling real-world chal-
lenges in mechatronics education.

Evaluation of the final mechanisms

The final evaluation focused on two mechanisms: 
one developed by the control group and the other 
by the experimental group, as illustrated in Fig-
ure 10. These mechanisms were assessed based 
on five criteria:

a)	 Performs the function adequately: This cri-
terion evaluated the mechanism’s ability to 
effectively remove a flag from another ro-
bot, with an emphasis on precision and reli-
ability during repeated trials.

b)	 Good repeatability: This assessed the con-
sistency of the mechanism’s performance 
across multiple attempts. A highly repeat-
able mechanism would perform the task 
similarly each time, indicating stability and 
reliability in its design.

c)	 Ease of assembly: This criterion examined 
how straightforward the mechanism was to 
assemble, considering factors such as the 
number of components, the complexity of 

the assembly process, and the clarity of as-
sembly instructions.

Tools that students will prefer
to use with ChatGPT

Function Block Diagram

House of Quality

FMEA

Figure 9. Students’ preference regarding the tools

d)	 Ease of operation: This focused on the ease 
of operating the mechanism once assem-
bled. It involved evaluating the simplicity of 
the control interface, the intuitiveness of its 
operation, and the level of user intervention 
required during its functioning.

e)	 Originality of the mechanism: Finally, this cri-
terion evaluated the uniqueness and creativity 
of the mechanism’s design, including innova-
tive approaches to solving the problem and 
the use of novel features or materials.

Each criterion was rated on a Likert scale 
ranging from 1 to 10, where 1 corresponded to 

Figure 10. Final mechanisms attached to a Sumo Robot of Control (Left) and Experimental groups (Right). 
Note: The requested mechanisms are inside the area of the yellow rectangles.



81Vol.17, núm. 1 – Abril 2025 – e-ISSN 2007-1094

Enhancing challenge-based learning with ChatGPT and product design methodologies

a marginal fulfillment of the criterion, and 10 
indicated complete fulfillment. The evaluation 
process was designed to ensure objectivity and 
comprehensively highlight each mechanism’s 
strengths and weaknesses.

As shown in Figure 11, the mechanisms pro-
duced by the experimental group outperformed 
those from the control group across all criteria. 
The experimental group’s mechanism demon-
strated superior functionality, repeatability, 
and ease of use. One likely reason for this dif-
ference is that the experimental group benefit-
ed from integrating ChatGPT during the design 
process. ChatGPT provided valuable insights 
and suggestions during the ideation phase, 
which may have contributed to a more refined 
and effective final design.

Moreover, the originality of the mechanism 
developed by the experimental group was par-
ticularly noteworthy, suggesting that the use of AI 
tools like ChatGPT can enhance creativity in the 
design process. The experimental group’s clear 
advantage in these evaluations highlights the 
potential benefits of integrating AI-driven idea 
generation with traditional product design meth-
odologies in educational settings.

The results of the Mann-Whitney U Test re-
vealed no statistically significant differences be-
tween the control group and the experimental 

group across all evaluated metrics. While these 
findings suggest that the integration of ChatGPT 
did not result in measurable distinctions in the 
specific scores analyzed, the instructor observed 
notable differences in the students’ creative pro-
cesses and the quality of the solutions presented. 
These qualitative observations highlight the im-
pact of ChatGPT as a tool for enhancing student 
engagement and innovation during the project.

The integration of ChatGPT within the CBL 
framework complements and enhances the stu-
dents’ problem-solving abilities without replac-
ing the foundational principles of CBL. Acting as 
a collaborative assistant, ChatGPT fosters critical 
thinking and creativity, aligning closely with the 
core objectives of CBL, particularly in addressing 
real-world challenges in mechatronics education. 
By supporting brainstorming, refining design 
ideas, and offering iterative feedback, ChatGPT 
contributes to a richer and more dynamic learn-
ing experience for students.

In general, it is important to highlight that the 
authors designed the questionnaires used in this 
study for the context of the robotics challenge. 
Their primary objective was to collect exploratory 
and direct information regarding students’ per-
ceptions of the product design tools and ChatGPT 
integration within the challenge. Although the 
questionnaires were not formally validated, they 
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Figure 11. Comparison between mechanisms.
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consisted of straightforward, clear, and specific 
questions, ensuring consistent understanding 
among participants. This approach enabled an 
objective assessment of key aspects, such as the 
perceived usefulness of the tools and the chal-
lenges faced during the project.

The exploratory nature of these question-
naires aimed to provide preliminary insights 
that could serve as a foundation for hypothesis 
generation and guide future research. However, 
we acknowledge that formal validation of the 
instruments would enhance the reliability and 
generalizability of the findings. Therefore, in 
future studies, we plan to adopt more rigorous 
processes for designing and validating instru-
ments, ensuring greater precision and validity in 
the collected data.

Pedagogical and ethical considerations

The findings of this study carry significant peda-
gogical implications, particularly in the context of 
integrating AI tools like ChatGPT into educational 
frameworks such as CBL. The ability of ChatGPT 
to enhance ideation and creativity underscores 
its potential as a supportive tool for fostering 
higher-order thinking skills among students. By 

streamlining the generation of ideas and provid-
ing diverse perspectives, ChatGPT can help learn-
ers move beyond rote memorization toward more 
critical and creative problem-solving approaches. 
However, its implementation must be guided by 
well-defined pedagogical strategies. Educators 
should design activities that leverage the tool’s 
capabilities and encourage students to critically 
evaluate its outputs, ensuring that AI-generated 
content complements rather than replaces stu-
dent effort. This aligns with constructivist prin-
ciples, where learning occurs through active 
engagement and reflection, emphasizing the 
role of the educator as a facilitator in guiding 
the meaningful integration of technology.

From an ethical perspective, the widespread 
adoption of ChatGPT in education raises impor-
tant concerns. These include potential over-reli-
ance on AI, the perpetuation of biases embedded 
in training data, and challenges in ensuring aca-
demic integrity. Institutions must establish clear 
policies and guidelines to address these issues, 
promoting responsible use of AI tools. For in-
stance, incorporating discussions on ethical AI 
practices into the curriculum can empower stu-
dents to recognize the limitations and potential 
biases of ChatGPT while fostering a critical mind-
set. Additionally, educators must ensure that us-
ing ChatGPT does not create inequities, such as 
favoring students with better access to technol-
ogy. By addressing these ethical considerations, 
educational institutions can create an environ-
ment where ChatGPT is used responsibly to en-
hance learning outcomes without compromising 
the values of fairness, originality, and integrity.

CONCLUSIONS

The main objective of this study was to assess 
the effectiveness of using ChatGPT as a source of 
ideas, in combination with product design tools 
to solve a robotics challenge in a CBL course. 
Initially, students primarily used ChatGPT for 

By addressing these ethical 
considerations, educational 

institutions can create an 
environment where ChatGPT 

is used responsibly to enhance 
learning outcomes without 

compromising the values of 
fairness, originality, and integrity
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homework tasks. However, after participating in 
the challenge, they expressed a greater likelihood 
of using ChatGPT alongside product design tools 
in future projects.

The results suggest that integrating Chat-
GPT with structured design methodologies can 
enhance student outcomes, particularly in the 
ideation phase of engineering projects. The ex-
perimental group, which used ChatGPT in con-
junction with product design tools, achieved 
better results across various evaluation criteria 
than the control group. This indicates that when 
effectively integrated into the learning process, 
ChatGPT can be a powerful tool for facilitating 
creative problem-solving and improving the over-
all quality of student work.

Our results demonstrate that the key lies in 
the structured use of ChatGPT within a well-
defined pedagogical framework. It positively im-
pacts the enhancement of the student ideation 
process and project outcomes. By providing 
clear instructions and combining ChatGPT with 
established design tools, educators can maxi-
mize its educational benefits while minimizing 
potential drawbacks, such as misuse or over-
reliance on AI-generated content.

The statistical analysis conducted in this 
study, particularly using the Mann-Whitney U 
Test, revealed no statistically significant differ-
ences between the control and experimental 
groups across the evaluated metrics. However, 
qualitative observations highlighted notable dif-
ferences in the creative processes and the quality 
of solutions developed by the experimental group. 
These findings underscore the positive impact of 
integrating ChatGPT as a complementary tool in 
CBL, facilitating ideation and fostering the de-
velopment of more innovative and effective solu-
tions. Despite the lack of statistical significance in 
this study, the observed benefits highlight the po-
tential of ChatGPT to transform how students ap-
proach and solve complex engineering problems, 
paving the way for more innovative and effective 
educational practices.

Future research should focus on refining this 
integration, exploring its applicability in other 
educational contexts, and addressing the ethical 
implications of AI use in academic settings. This 
includes developing comprehensive guidelines 
and training for students and educators to ensure 
that ChatGPT is used responsibly and effectively 
in higher education. Additional product design 
tools, such as the 6:3:5 method, the morphologi-
cal matrix, and decision matrices, could be in-
corporated into the proposed scheme to achieve 
better results. It is also important to consider in-
creasing the duration of the experiment and al-
tering the timing within the semester when these 
challenges are conducted, as students are typi-
cally overwhelmed with final projects and exams 
at the end of the semester.

In future iterations, closer interaction with the 
students will be essential. For instance, a work-
shop that includes a case study requiring product 
design tools, where students can use ChatGPT 
to gather valuable information and identify bia-
ses, would be beneficial. Additionally, further 
research is needed to substantiate these findings 
based on the results and statistical analysis. Fu-
ture studies should involve a larger sample size, 
including more students and groups, to enable 

By providing clear instructions 
and combining ChatGPT with 
established design tools, 
educators can maximize its 
educational benefits while 
minimizing potential drawbacks, 
such as misuse or over-reliance 
on AI-generated content
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more robust data collection for formal statistical 
analysis. Such studies could explore long-term 
impacts on learning outcomes and the sustainabi-
lity of integrating AI tools like ChatGPT into engi-
neering education. Combining quantitative data 
with qualitative insights from both educators and 
students would offer a more comprehensive un-
derstanding of ChatGPT’s role and effectiveness 
within the CBL methodology.

In general, the main limitations of this study 
include the small sample size and the relatively 
short duration of the experiment, which may have 
restricted the ability to detect statistically signi-
ficant differences between groups. Additionally, 
while the evaluation tools were designed specifi-
cally for the context of this challenge, they were 
not formally validated, potentially limiting the 
generalizability of the findings. Future research 
should aim to expand the sample size and extend 
the experiment’s duration to capture more robust 
and sustainable effects. Furthermore, incorpora-
ting validated instruments to assess the impact of 
ChatGPT on learning outcomes rigorously would 
enhance the reliability of future studies. Another 
promising avenue for future work involves explo-
ring how different training approaches in using 
AI tools might influence their effectiveness and 
perception and evaluating their integration into 
diverse educational contexts and disciplines.
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