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Integrating Al in Engineering Education: A Five-Phase Framework for
Responsible ChatGPT Use

Abstract

One of the challenges as the new technological advancements become part of everyday lives are
to be able to incorporate and responsibly use them. The use of generative Al tools such as
ChatGPT, started to become more common, especially in educational settings. One of the
challenges is to understand how can we support students to be responsible generative Al users
while highlighting the importance of original work and creativity. Another challenge is also how
can faculty decide on the appropriate amount of Al usage in student assignments: what is
acceptable and what will fall under plagiarism. To address these challenges and to encourage
students to be creative while still be responsible using Al-based platforms, a series of examples
and exercises are designed to be incorporated in the engineering and engineering technology
courses. The goal of these examples is to teach students how can they use Al-based tools, such
as ChatGPT, to improve their work, however also to teach them to not to solely rely on outcomes
from ChatGPT. The examples also will provide students opportunity to be able to identify the
relevance and reliability of the information they may get from Al-based tools. In this paper, the
authors will share sample examples and implementation procedures for the examples along with
assessment tools faculty can use to assess the examples.

Introduction:

The integration of Artificial Intelligence (Al) in education has been a growing trend in recent years,
with early applications focusing on providing more efficient and effective ways to support the
learning process, such as automated grading and personalized learning [1]. As the incorporation
of Al into education progressed, it also became a widely debated topic given the concerns of
originality and plagiarism [2]. As the access to Al platforms such as ChatGPT is free and easily
accessible and it is not possible to deny Al's potential use by students to complete their
coursework. While these concerns are valid, it is crucial for educators to guide students in the
responsible and acceptable use of Al platforms, providing them with opportunities and guidance
to explore and leverage this new technology. The potential of ChatGPT in the classroom has been
analyzed in various studies [3-5], highlighting its applications as a writing assistant, study tool,
and personal tutor [6]. However, there are also concerns that the overreliance on ChatGPT may
adversely affect students' critical thinking and problem-solving skills [7]. As Al becomes more
prevalent in higher education, it is essential for educators, curriculum designers, and
policymakers to understand the implications of integrating these tools into the educational
context.

According to research [7], ChatGPT has the ability to respond immediately to queries, supporting
personalized learning and enhancing the overall learning experience. Students have highlighted
the tool's potential to assist with programming tasks, providing immediate feedback and support.



Additionally, ChatGPT can be used to generate study materials, practice questions, and even
personalized feedback, potentially improving the efficiency and effectiveness of the learning
process [6]. While the potential benefits of ChatGPT in education are evident, there are also
significant concerns that must be addressed. Some students have expressed concern that the use
of ChatGPT could stifle their creativity, motivation, and critical thinking skills [7]. There are also
worries that the integration of Al in education could fundamentally challenge traditional
university experiences and feedback mechanisms, potentially depriving students of the practical
wisdom gained through these experiences [1]. These concerns reflect a general fear and
confusion surrounding the implications of ChatGPT in education, researchers have highlighted
the need to understand how students may use ChatGPT, as many will use it regardless of its
adoption by the instructor. To address the transformative effects of ChatGPT on the learning
environment, it is crucial to educate both teachers and students about the capabilities and
limitations of the tool. Academic regulations and evaluation practices used in educational
institutions need to be updated to accommodate the use of ChatGPT and other Al tools.

Educators should play a crucial role in the development and implementation of Al platforms in
education, providing feedback and guidance on the design and use of Al systems. Students should
also be educated about the use of Al platforms in education and allowed to provide feedback on
the effectiveness of Al in supporting their learning. By adopting a collaborative and informed
approach, we can ensure that the integration of Al in education enhances the learning
experience, fosters critical thinking, and prepares students for the challenges and opportunities
of the digital age. Integration of ChatGPT has the potential to enhance the learning experience,
including in programming, there is a need to carefully balance its use to ensure that students'
critical thinking and problem-solving skills are not adversely affected.

The goal of this study is to develop a framework that is customizable to meet the needs of
different courses and disciplines. The use of framework also allows the faculty members to
design and incorporate Al experiences that will fit their coursework and support their students’
learning process.

Methodology

This paper will provide an overview of a framework that can be adapted into different courses to
implement Al platforms (such as ChatGPT). In addition to the framework, pre-experience and
post-experience surveys are shared that can be included to measure students’ readiness and
perception of incorporation of ChatGPT into their courses and if incorporation of ChatGPT-based
classroom activities would change that initial perception.

Framework Development and Implementation

In an effort to provide an opportunity for students to explore the use of Al when they are
completing their assignments, a framework is developed. The framework is based on measuring
students’ understanding and attitude towards the use of Al platforms in the educational setting,
and provides them a structured and guided approach.



The framework consists five phases that can be completed in a sequential order as shown in
Figure 1. One of the advantages of the phased approach is that, if needed a phase can be
skipped or not included in the experience, if the course professor thinks that will be a more
appropriate approach for their course and their students.

Phase | Phase Il Phase V
] Phase Il
Informational Keyword-based Phase IV Outcomes
P tation & Development . .
resentation Essay of the Essav b Essay Revision Review & Post
Pre-Experience Generation by Studenat: U by ChatGPT — Experience
Survey ChatGPT Survey

Figure 1. Al Framework to Support Engineering and Engineering Technology Courses

» Phase | - Informational Presentation and Pre-Experience Survey: Phase | starts with an
informational presentation followed by a pre-experience survey. The informational
presentation discusses Al platforms, responsible use approaches and policies, if available,
goes over school’s Al and plagiarism policies and answer any student questions and
concerns. The pre-experience survey aims to measure students’ attitudes and concerns
towards incorporation of Al in educational setting and completing assignments with and
Al platform such as ChatGPT. The pre-experience survey that will be used for this phase

is a 5-point Likert scale survey and previously developed by authors [1] as shown in Figure
2.

ARTIFICIAL INTELLIGENCE (Al) -BASED TOOLS

PRE-EXPERIENCE SURVEY

Question 1: How would you rate your familiarity with Artificial Intelligence (Al) based tools?
(Such as ChatGPT)

Very Familiar Familiar Moderately Slightly Familiar Mot Familiar
Familiar

Question 2: Al-based tools can be used as a part of formal education process

Strongly Agree Agres Meutral Disagres Strongly
| Disagrea

Question 3: Al and Al-based tools will be more commonly used in the future,

Strongly Agree Agres Meutral Disagrea Strongly
Disagres

Question 4: | am worried about the negative implications of Al and Al-based tools.

Strongly Agree I Agres ["Neutral T Dizagresa T Strongly
Disagree

Question 5: | am interested in learning how to use Al-based tools as a part of my coursework,

Strongly Agree Agree Neutral Disagree Strongly
Disagree

Question 6: | am happy that new technological advancements are a part of my learning process.

Strongly Agree Agres Meutral Disagres Strongly
Disagrea

Figure 2. Pre-Experience Survey [1]



» Phase Il - Keyword-based Essay Generation by ChatGPT: In Phase Il, students are
provided with 10-12 keywords that are relevant to their major of study/course, and each
student is asked to pick 6 keywords and input them in ChatGPT and ask ChatGPT to write
a 100-word essay. The selection of keywords is major specific and can easily be adapted
to different fields of study. Once ChatGPT creates the essay, students are then asked to
review the essay for accuracy, quality, reliability of the information and
comprehensiveness of the content provided. Students are encouraged to look for “filler
sentences” that “look” good on paper but may not provide much depth to the content as
shown in Figure 3.

Keywords Provided to Students Keywords Selected — 1

Engineering, manufacturing,
autonomous, control, process, design,
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Figure 3. ChatGPT Essay Development Using the Provided Keywords

» Phase lll - Development of the Essay by Students: After reviewing the essays generated
by Al, students are then asked to use the same keywords that they picked to write their
own 100-word essays. They are encouraged to emphasize the important and critical areas
in their essays based on their knowledge and experience as shown in Figure 4.

Keywords Selected - 1

fluid

100 Word Essay Created by ChatGPT

Manufacturing has evolved dramatically
through the integration of fluid mechanics and
innovative technologles. By utilizing advanced
analysis and simulation techniques, engineers
can optimize processes and enhance product
‘qualiy. Innowations in control systems allow for
real-time adjt #fic and
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Student’s Review of ChatGPT Essay
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The rise of autonomous systems has
revalutionized design and process across
various industries. By leveraging innovative
control mechanisms, these systems can
analyze data in reak-time, allowing for
precise adjustments and enhanced
efficiency. The integration of advanced
algorithms facilitates intelligent decision-
making, streamlining warkflaves and
reducing human error, &

Student’s Review of ChatGPT Essay

The rise of autenomous systems has
revalutionized design and process acoss
varicus industries. By leveraging innovative
«control mechanisms, these systems can analyze
data in real-time, allowing for precise
adjustments and enhanced efficiency. The
integration of advanced algarithms faciltates
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Student's Own Essay

Autanomy is an integral part of engineering
applications with autenomous vehicles or
crafts being more and more available. The
advantages of autonomous vehicles make them
proforrad ta carry aut cartain functions, such as
driving to create roadmaps, or deliveries or
technical suppart. To be able to develop
autonomous systems, engineers refy on robust
control systems, processes and in depth
analysis of the design processes. To design

embrace this paradigm shift, they create
designs that nat anly optimize performance
but also adapt to changing conditions. This
innavative approach nat only improves
productivity but also opens new avenues for
research and development, paving the way
for future advancements in automation and
efficiency. The future of technology liesin
autanomous innovation.
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Figure 4. Students' Review of the ChatGPT Essay




» Phase IV — Essay Revision by ChatGPT: After completing their essay, in phase IV students

ask ChatGPT to review their essays.

This revision request can be a general revision

request or can be more specific such as review for grammar, structure, punctuation, or
flow. The decision of how they want ChatGPT to review their essays are carried out by
students. The original version and the revised by ChatGPT version of the student essays
are shown in Figure 5.

Keywords Selected - 1

Keywords Selected - 2

fluid mechanics, if L

Student’s Own Essay
The applicatians

analysis, simulation, control Autonomous, Control, Analysis, Innovation, Design, Process

ChatGPT Review of Student’s Essay (Reviewed for grammar, structure, and flow)
The #fluid

‘manufacturing operations creates the integral
components of our daily ives. HVAC systems,
pumping systems and industrial manufacturing
operations whare matarial in liquid form is
expected to be moved and stored are some
examples of application of fluid mechanics in
&ngineering and manufacturing operations. As
anginesring innovations bacame mora and

manufacturing operations create Integral
companents of our daily lives, Examples
incluste HVAC systerms, pumping systems,
and industrial pracesses where liquids are
moved and stored. As engineering
innovations have become more widely
available, the need to integrate these:

inta ing processes

mose available, the need @
innowations in manufacturing processes
became apparent. One of the approaches was

has become apparent. One effective
approach has been the incorporation of
imulati toals for fluid

1o incorporate use analysis
1wols for fluid mechanics such as CFD
(Computational Fluid Dynamics). The use of
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halped improve the processes and halped
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mechanics, such as Computatinal Fluid
Dynamics (CFD). Utilizing CFD to analyze
fluid mechanics applications has improved
processes and enabled engineers to develop
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Student’s Own Essay

Autonomy is an integral part of engineering
i vehicles or

ChatGPT Review of Student’s Essay (Reviewed for grammar, structure, and flow)

Autonomy is an integral part of engineering

crafts being more and mare avallable. The
advantages of autonomous vehicles make them
preferred to carry out certain functions, such as
driving to create roadmaps, or deliveries or
technical support. To be able to develop
autonomaus systems, engineers rely on robust
control systems, processes and in depth
analysis of the design processes. To design
successful control systems it is important to

with vehicles and
crafts becoming increasingly available. The
advantages of these vehicles make them
preferable for various functions, such as
creating roadmaps, making deliveries, and
providing technical support. To develop
successful autonomous systems, engineers.
rely on robust control systems, established
processes, and in-depth analysis of design
It is crucial to integrate the

integrate most up to d
components to the design process. Design
innovation such as integration of state of the
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inta the design process. Innovatians such as
- feedback controls and real-

art feedback control ion of real
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Figure 5. Students' Essay and ChatGPT Review of the Students' Essay

» Phase V — Outcomes Review and Post-Experience Survey: In the last phase, a discussion
on the overall experience, and level of incorporation and the outcome quality of the
essays are carried out followed by a post-experience survey developed by authors [1] and
is a 5-point Likert scale survey as shown in Figure Q.

ARTIFICIAL INTELLIGENCE (Al) -BASED TOOLS

POST-EXPERIENCE SURVEY

Question 1: Al-based tools can be used as a part of formal education process.

Strongly Agree Agree Neutral Disagree Strongly
Disagree
Question 2: Al and Al-based tools will be more commonly used in the future.
Strongly Agree Agree Meutral Disagree Strangly
Disagres

Question 3: | feel comfortable/confident using Al-based tools as a part of my learning process.

Strongly Agree Agree MNeutral Disagree ‘ Strongly ‘

Disagree

Question 4: | plan on continuing to incorporate Al-based tools to further my learning process in the
future,

Strongly Agree Agree Neutral Disagree ‘ Strongly ‘

Disagree

Question 5: | am interested in seeing more Al-based applications as a part of my coursewaork.

Strongly Agree Agree MNeutral Disagree

Strongly
Disagree

Figure 6. Post-Experience Survey [2]



Conclusions

This study introduces a novel five-phase framework for incorporating Al tools, particularly
ChatGPT, into engineering and technology courses. The framework offers a structured approach
to familiarize students with Al platforms while promoting responsible use and critical thinking. It
provides several key benefits, including a gradual introduction of Al tools, encouragement of
critical engagement with Al-generated content, and flexibility for adaptation across various
courses and disciplines. The inclusion of pre- and post-experience surveys allows educators to
measure changes in students' attitudes towards Al use in education.

While the pilot implementation shows promise, limitations such as potential variations in
effectiveness across different student populations and the need for frequent updates due to
rapidly evolving Al technology should be considered. Future research could explore longitudinal
studies on the framework's long-term impact, comparative studies across disciplines, and the
incorporation of additional Al tools beyond ChatGPT.

In summary, this framework represents a step towards responsibly integrating Al into
engineering and technology education. By providing structured experiences with Al tools,
educators can better prepare students for an increasingly Al-driven future in both academic and
professional settings. As we continue to navigate the challenges and opportunities presented by
Al in education, frameworks like this will be crucial in developing students' skills to use these
tools effectively and ethically.
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