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Abstract—This study explores the integration of Generative
Avrtificial Intelligence (GenAl) tools into an Educational
Technology course designed for pre-service Mechanical
Engineering educators. The course was redesigned to
incorporate GenAl tools within the Learning by Design (LBD)
framework, particularly centering around the development of a
WebQuest project. Through a series of structured activities, the
course introduced students to the applications of GenAl for
ideation, instructional design, and content creation, fostering
hands-on engagement with this emerging technology. A mixed-
methods approach evaluated students’ awareness, perceptions,
and practical experiences pre- and post- intervention. Results
indicated notable increases in students’ familiarity with GenAl
and a growing appreciation for its potential as teaching and
learning tool. However, challenges were also identified,
including overly generic outputs and contextual inaccuracies,
underscoring the need for critical oversight and iterative
refinement. This study contributes practical insights for teacher
education programs seeking to prepare educators for the
integration of GenAl technologies into diverse teaching and
learning contexts.

Keywords—generative Al, educational technology, teacher
education, learning by design, webquests

I. INTRODUCTION

Educational technology courses, offered in various
contexts such as universities, teacher training programs, and
professional development initiatives, are designed to equip
future or in-service educators with the knowledge, skills, and
confidence needed to effectively integrate digital tools into
their teaching practices, preparing them to meet the demands
of modern classrooms, where technology is increasingly
central to fostering engagement, collaboration, and learning.
In vocational and Science, Technology, Engineering,
Mathematics (STEM)-focused contexts, this integration is
not only beneficial but essential for modeling the
technological practices students will encounter in their
professional lives. To achieve effective technology
integration, however, STEM educators must approach
technology as a cognitive tool rather than merely a learning
outcome. They need to focus equally on technology,
pedagogy, and content, and possess the ability to combine
these elements in their instructional designs [1].

Recently, Generative Al (GenAl) has emerged as a
transformative technology with promising applications in
education, including facilitating resource creation, supporting
inquiry-based learning, and enhancing creativity in
instructional design [2-4]. Recognizing its potential,
researchers emphasize the importance of introducing GenAl
into teacher education programs to help educators develop
both technical skills and critical awareness of its affordances
and limitations, better preparing them to utilize it as a
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teaching and learning tool in their classrooms [5-11].

In response to the growing call for incorporating GenAl
into teacher education programs, this paper reports on an
Educational Technology course for undergraduate pre-
service Mechanical Engineering educators that was
redesigned to include activities introducing students to GenAl
tools. The course builds on the Learning by Design (LBD)
approach [12], engaging students in collaborative problem-
solving tasks that develop their Technological Pedagogical
Content Knowledge (TPACK) [13]. A hallmark of the course
is the WebQuest project, where student teams design
authentic, vocationally relevant learning activities tailored to
high school Mechanical Engineering students. Weekly
lessons provide targeted instruction on educational
technology concepts, guiding students as they address the
multifaceted challenges of their WebQuest design.

Ahead of the 2023-2024 academic year, the course
underwent a redesign to incorporate GenAl tools and
activities, maintaining its LBD approach while introducing
students to this emerging technology. The redesigned lessons
aimed to foster technical proficiency and critical reflection on
GenAl’s applications and limitations in educational contexts.
This integration provided students with opportunities to
explore the relevance of GenAl for instructional practices and
its broader implications for teaching and learning. By
reflecting on students’ experiences, this study seeks to
contribute practical insights into the potential of GenAl for
teacher preparation programs and its meaningful adoption in
educational practices.

To achieve these goals, the study addresses two key
research questions:

RQ1: How did the pre-service Mechanical Engineering
educators’ experience with the redesigned Educational
Technology course shape their perceptions of GenAl’s
potential as a teaching and learning tool?

RQ2: How did pre-service Mechanical Engineering
educators use and perceive the applications of GenAl tools
for ideation, instructional design, and content creation during
the redesigned Educational Technology course?

These questions provide a framework for examining both
the broader impacts of the intervention on students’
perceptions and their specific experiences using GenAl tools
in an authentic educational context.

The remainder of the paper is organized as follows: Section
Il provides the theoretical foundation of the study, discussing
the role of Educational Technology in teacher education
(I1.A) and the emerging significance of GenAl in this context
(11.B). Section 11l outlines the study’s methodology,
describing the course context, participants, research tools,
and data collection and analysis methods (I11.A-II1.B).
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Section IV presents the results of the intervention, detailing
students’ activities with GenAl tools (IV.A) and their
responses to pre- and post-intervention questionnaires on
awareness, perceptions, and future use of GenAl tools (1V.B).
Section V discusses the research questions and concludes
with implications for teacher education and the integration of
GenAl into instructional practices. Finally, the limitations of
the study along with suggestions for future research are
presented in Section VI.

Il. BACKGROUND

A. Educational Technology in Teacher Education

Educational technology has long been an integral
component of teacher education programs, equipping both
pre-service and in-service educators with the skills necessary
to integrate technology effectively into their teaching
practices. This is especially critical in vocational and STEM-
focused contexts, where technological fluency is
indispensable. Vocational educators must model practices
their students will encounter in professional environments,
while STEM educators are tasked with facilitating inquiry-
driven, real-world problem-solving experiences [14]. These
responsibilities demand that educators view technology as a
cognitive tool that fosters critical thinking, collaboration, and
creativity, rather than as an end in itself [1].

To address these demands, educational technology courses
should aim at fostering TPACK, emphasizing the interplay
between its knowledge domains—technology, pedagogy, and
content—in effective instructional design [13]. Several
approaches have been proposed for achieving this aim (e.g.,
[12, 15, 16]). Among these, the LBD approach [12] stands out
as a widely adopted method. It encourages teachers to
develop their TPACK in an integrated manner, treating it as
a cohesive whole rather than as separate knowledge areas.
This approach emphasizes hands-on, collaborative learning,
with student-teachers working in groups to develop
technology-enhanced solutions to authentic pedagogical
problems. Instructors play the role of facilitators, offering
guidance and support throughout the process.

Design tasks in the LBD approach may vary but typically
involve the creation of technology-supported lessons and
resources. These can be tailored to specific disciplinary
learning needs using specialized digital tools or designed with
more generic technologies [17]. One example of such design
outcomes is a WebQuest, an inquiry-oriented activity where
most or all of the information learners interact with is sourced
from the web [18]. Since their introduction in 1995 by Bernie
Dodge and Tom March, WebQuests have gained widespread
adoption across grade levels worldwide [19].

Research highlights the impact of WebQuests on student
learning, demonstrating their effectiveness in boosting
motivation, promoting collaboration and critical thinking
skills, facilitating knowledge acquisition, and improving
learning outcomes (e.g., [20-23]). From a teacher’s
perspective, the WebQuest model offers a structured yet
flexible framework for designing technology-enhanced,
inquiry-driven learning activities [24]. However, designing
WebQuests presents challenges related to all three TPACK
components and their intersections. These challenges make
WebQuests an ideal design task for cultivating teachers’
technology integration skills, as they mirror the complexities
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of authentic educational contexts (e.g., [25-27]).

Building on these foundations, the Educational
Technology course used in this case study has long adopted
the LBD approach to develop pre-service teachers’
TPACK [1]. Students, pre-service Mechanical Engineering
educators, are engaged in group work over an extended
period through the semester to solve an authentic design
problem. Specifically, they are tasked with designing a
WebQuest for their specific target group of future learners—
students attending a vocational high school in the Mechanical
Engineering specialty. Each of the 10 weekly lessons of the
course focuses on a key aspect of educational technology,
providing students with the necessary knowledge and skills
to address the design challenges posed by the WebQuest
project.

The course, as it was structured until the academic year
2023-2024, included the following lessons:

The Internet as a Source of Educational Resources. This
lesson introduced students to the Internet as a tool for
accessing and evaluating educational resources. It
emphasized critical evaluation skills, teaching students to
assess the quality, reliability, and relevance of online content.
Using structured guidelines and checklists, students
evaluated a variety of educational websites. This hands-on
activity equipped them to select high-quality, appropriate
resources for their WebQuest projects, aligning with inquiry-
driven learning goals.

Exploring WebQuests. Students were introduced to the
structure and pedagogical foundations of WebQuests, an
inquiry-oriented learning strategy. Through analysis of
sample WebQuests, students examined key components such
as the introduction, task, process, resources, evaluation, and
conclusion. Discussions focused on the strengths and
adaptability of the WebQuest model. This foundational
lesson enabled students to begin constructing their own
WebQuests with a solid understanding of the framework and
its potential for fostering critical thinking and collaboration.

Developing Interactive Educational Websites. This lesson
provided students with the skills to create interactive
educational websites to host their WebQuests. They explored
website development tools focusing on features that enhance
usability, interactivity, and learner engagement. Students
began designing the structure and preliminary content for
their WebQuest websites, ensuring alignment with
pedagogical goals and inquiry-based principles.

Peer Review and Feedback. Students presented their
WebQuest drafts to peers and instructors, receiving
constructive feedback on structure, content, and usability.
These sessions allowed students to refine their projects
iteratively, addressing alignment with inquiry-based learning
principles and improving their designs. The collaborative
process fostered critical evaluation skills and exposed
students to diverse approaches to WebQuest design.

Educational Video Creation. This lesson introduced
students to the use of video as a medium for enhancing
teaching and learning. The primary objective was to equip
students with the technical skills and creative strategies
needed to create engaging educational videos that align with
instructional objectives. Students created short videos to
serve as the introductory component of their WebQuests,
orienting learners to the topic and sparking their curiosity. By
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producing these multimedia elements, students enhanced
their ability to use video as a tool for promoting engagement
and supporting inquiry-based learning.

Leveraging Web 2.0 Tools. Students explored the potential
of Web 2.0 technologies —such as blogs and tools for creating
comics, word clouds, and other multimedia objects— for
enhancing interactivity, collaboration, and engagement in
educational settings. Students brainstormed ways to
incorporate these technologies into a hypothetical WebQuest
design, considering how these tools could be used to support
each stage of the WebQuest process. Outputs were shared in
class discussions, providing students with feedback and
inspiration for their final WebQuest projects.

Finalizing and Presenting WebQuest Projects. In the final
sessions, students completed their WebQuest projects,
ensuring all required components were included and aligned
with inquiry-based learning principles. Groups presented
their finished WebQuests to the class, reflecting on the design
process and receiving final feedback from peers and
instructors.

B. Generative Al and Teacher Education

GenAl represents a transformative branch of artificial
intelligence that enables the creation of new content—such as
text, images, videos, audio, and code—through advanced
machine learning models trained to understand and replicate
the structure and characteristics of specific types of
data [28, 29]. These models, including Large Language
Models (LLMs) like OpenAl’s ChatGPT and Google’s
Gemini, rely on user input to generate outputs that resemble
the original data. Beyond LLMs, other GenAl architectures,
such as Generative Adversarial Networks (GANs) and
diffusion models, underpin a wide range of applications
designed to serve various purposes across industries.
Depending on the intended application, GenAl tools can
produce outputs in diverse formats, adapting their user
interfaces to meet the needs of users seeking text-based,
visual, or multimedia content [30].

The potential of GenAl to revolutionize education has been
highlighted in numerous studies. For students, GenAl offers
efficient and effective personalized learning opportunities,
fosters creativity in tasks like writing or project development,
increases their motivation, and supports them in inquiry-
oriented activities [31-33]. For educators, GenAl tools hold
promise for enhancing productivity, creativity, and
instructional capacity. They may streamline tasks such as
lesson and resource creation [2] and foster creativity by
inspiring innovative instructional strategies and approaches
to lesson planning [4]. Moundridou et al. [3] in their
classification of GenAl tools for educator use imply that these
tools may support educators in: (i) planning — assisting them
in instructional design, (ii) content creation — generating
materials in diverse formats like text, images, and videos, (iii)
evaluation — facilitating assessment and feedback, and (iv)
delivering instruction effectively — acting as teaching
assistants to provide them with ideas and support for
addressing the challenges of effective instruction.

While these potentials are promising, research highlights
that their realization heavily depends on providing educators
with the skills and training necessary to leverage these tools
in practice. Chiu [5] advocates for reimagining pre-service
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teacher education programs to position Al literacy as a core
component; likewise, Barrett and Pack [6] highlight the
urgent need for professional development initiatives in these
matters. However, for educators to effectively utilize these
tools, they must not only familiarize themselves with their
technical functionalities but also develop a nuanced
understanding of how to integrate them appropriately and
efficiently into their teaching practices [7, 8]. In this sense,
Zhai [9] underscores that comprehensive training and support
enable teachers to move beyond basic applications of GenAl,
empowering them to use it for personalized learning, adaptive
feedback, and co-creative educational experiences. Teacher
education should therefore focus both on technical
proficiency and pedagogical application to ensure that
educators can leverage GenAl tools to enhance learning
environments while fostering inquiry, creativity, and critical
thinking among students.

In line with this approach, researchers have proposed
specific frameworks to guide teacher training on GenAl.
Alexandrowicz [10] suggests incorporating exemplar
activities that combine traditional pedagogical methods with
Al-based tools, emphasizing critical evaluation and ethical
considerations  alongside  practical  applications in
instructional design. Similarly, Saimon et al. [11] advocate
for the use of structured models, such as the 6E Learning by
Design framework, which integrates phases like exploration,
engineering, and evaluation to equip teachers with the skills
to design and refine Al-supported instructional strategies.
These proposals underscore the importance of professional
development programs that not only introduce educators to
the functionalities of GenAl tools but also provide
comprehensive guidance on their integration into curriculum
design and delivery. By addressing both technical and
pedagogical dimensions, such initiatives prepare educators to
navigate the complexities of GenAl while maximizing its
potential to transform teaching and learning practices.

Building on the growing recognition of GenAl’s potential
in education and the need to prepare teachers to integrate it
effectively, the Educational Technology course described in
the previous Section (11.A) was redesigned before the spring
semester of the 2023-2024 academic year to incorporate
GenAl tools and activities. Retaining its foundational LBD
framework, the redesign aimed to familiarize students with
this emerging technology while fostering both technical
competencies and critical awareness of its applications and
limitations.

The course continued to center around the development of
a WebQuest project, with the following lessons being
modified or newly introduced to integrate GenAl into the
learning process.

Generative Al in Education. This newly introduced session
provided students with a foundational understanding of
GenAl concepts, tools, and applications in education.
Through a lecture and lab session, students explored how
text- and image-generation tools could be used to support
instructional design. Following the session, students worked
in groups to experiment with these tools, developing inquiry-
based lesson plans and creating multimedia components for
their hypothetical lessons. These outputs were shared and
discussed in an online forum, allowing students to reflect on
their experiences and exchange feedback.
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Developing Interactive Educational Websites. This lesson,
while retaining its focus on website creation, encouraged
students to consider how GenAl could enhance the design
process. Students reflected on how features embedded in
website-building tools could support personalization and
interactivity. In addition to creating the initial structure and
content of their WebQuest websites, students discussed ways
to leverage these capabilities to engage learners and align
with inquiry-driven principles.

Leveraging Web 2.0 Tools. This redesigned session built
on the original lesson’s exploration of Web 2.0
technologies—such as blogs, comic creators, word clouds,
and other online tools—by integrating GenAl as a teaching
assistant. Students used GenAl to brainstorm creative and
practical ways to incorporate Web 2.0 tools into their
WebQuest designs, exploring how they could support
different stages of inquiry-driven activities. This activity
introduced students to GenAl’s potential to assist in
instructional planning and ideation. Outputs were shared in
an online discussion forum, where students received peer and
instructor feedback and critically reflected on the role of
GenAl in supporting their instructional strategies.

Finalizing and Presenting WebQuest Projects. In the
redesigned course, the final sessions retained their original
structure, with students completing their WebQuest projects
to ensure all required components were included and aligned
with inquiry-based learning principles. Groups presented
their finished WebQuests to the class, reflecting on the design
process and receiving final feedback from peers and
instructors. Additionally, however, students were asked to
reflect on their use of GenAl during the project. They shared
insights into how Al tools supported their instructional design
efforts, providing valuable perspectives on the practical
application of GenAl in educational contexts and contributing
to the broader evaluation of the intervention.

Other lessons, such as Educational Video Creation,
remained largely unchanged but included brief discussions
about the potential of GenAl to support instructional design,
including multimedia content development. In Fig. 1, the
overall structure of the course is presented, along with the
enriched sections featuring GenAl tools.

I1l. METHODOLOGY OF THE STUDY

A. Context and Participants

This study was conducted during the spring semester of the
2023-2024 academic year as part of the Educational
Technology course, offered to pre-service Mechanical
Engineering educators in their sixth semester at the School of
Pedagogical and Technological Education (ASPETE), a
higher education institution in Athens, Greece, specializing in
engineering education. The course enrolled 31 students, all of
whom had previously completed a foundational course on
educational technology during their third semester, which
introduced them to a range of digital tools and inquiry-based
learning principles.

The primary objective of the Educational Technology
course was to further develop students’ TPACK, equipping
them to integrate educational technologies into constructivist,
inquiry-driven instructional designs. Following an LBD
approach, the course engaged students in collaborative,

870

project-based learning as they developed WebQuests tailored
to vocational high school learners in the Mechanical
Engineering specialty (see Section I1.A).

For the purposes of this study, the course was redesigned
to integrate GenAl tools and activities, familiarizing students
with these emerging technologies while fostering critical
awareness of their affordances and limitations. These
additions provided students with hands-on experience in
leveraging GenAl tools for instructional planning, content
creation, and multimedia design, enhancing their technical
competencies and instructional creativity (see section 11.B).

B. Research Tools, Data Collection and Analysis

A mixed-methods approach was used to evaluate the
impact of the intervention, combining quantitative and
qualitative data sources.

The research tools designed for this study included:

1) Structured questionnaires (see Appendix A) were adapted
from a tool used in prior research [34] and included a
combination of open- and closed-ended questions as well
as Likert-scale items, facilitating efficient data
management, coding, and detailed analysis of responses.
Quantitative data analysis was conducted using R [35].
The questionnaires were completed digitally and were
accessible only to authorized students through the
university’s LMS platform. Specifically, the two
questionnaires and their respective sections were as
follows:

e A pre-intervention questionnaire with 18 questions:
Section A: 10 questions addressing the demographic
characteristics of the participants.

Section B: 6 questions assessing students’ awareness
and perceptions of Al.

e A post-intervention questionnaire with 20 questions:
Section A: 10 questions addressing the demographic
characteristics of the participants.

Section B: 9 questions exploring students’ perceived
impact and future use of LLMs.

2) All activities (see Appendix B), including the final
WebQuest project, were delivered to students and
submitted by them on the LMS platform. In particular,

e In the ‘Generative Al in Education’ lesson activity,
students were tasked with using LLMs and Image
GenAl tools to create inquiry-based lesson plans and
relevant multimedia content, respectively. In addition
to these outputs, they were asked to provide a
shareable link to their conversations with the tools,
along with reflections on the tools’ effectiveness,
challenges, and limitations. Each group submitted the
completed activity as a post in a discussion forum on
the LMS platform.

In the activity of the ‘Leveraging Web 2.0 Tools’

lesson, students should use an LLM to brainstorm

creative and practical ways to incorporate Web 2.0

tools into their WebQuest designs. They submitted

their results by posting in a discussion forum on the

LMS platform both the share link of their conversation

and their reflections on the effectiveness of GenAl as

an ideation tool for instructional design.

Students submitted their finished group projects as an

assignment on the LMS platform and presented them

to the class, receiving final feedback on their
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WebQuests from peers and instructors. They were also
asked to reflect on their use of GenAl during the
project and shared insights into how these tools
supported their instructional design efforts.

Fig. 1 illustrates the redesigned Educational Technology
course and its alignment with the study’s research framework.
Course sections modified or newly introduced to integrate
GenAl are highlighted in blue, while unchanged sections are
shown in gray. The yellow boxes represent the research tools

1
1l

|

and processes used for data collection, including the Pre- and
Post-Intervention Questionnaires, Activity 1, Activity 2, and
the Final WebQuest Project. Each of these processes is linked
to specific aspects of the research questions (RQ1 and RQ2),
which focus on students’ perceptions of GenAl as a teaching
and learning tool, as well as its applications for ideation,
instructional design, and content creation.

Pre-intervention Questionnaire

: o
The Internet as a Source of
Educational Resources

o -~ Activity 1

~

l

'\RQ‘I - Teaching tool

‘ Generative Al in Education ™ |-/

Exploring WebQuests

(]} Collaboratively create inquiry-based lesson plans using -
Generative Al tools (TextGenAl and ImageGenAl).

‘ RQ2 - Ideation

I

|RQ1 - Learning tool

‘RQ1 - Teaching & Learning tool <~
= =

‘ Developing Interactive ~/
Educational Websites

:RQZ - Instructional design }

‘ Peer Review and Feedback

P
IRQ2 - Content creation

I
l

-

|

‘ Educational Video Creation

Leveraging Web 2.0 Tool§~

» & -

> Activity 2
Explore and propose ways to integrate Web 2.0 tools
7 (e.g., comics, videos, blogs) into WebQuests.

—

> Final WebQuest Project

‘ Finalizing and Presentinglﬂﬂ__,i
WebQuest Projects

- POst-intervention Questionnaire

Design a WebQuest for vocational high school students,
hosted on a website, integrating course concepts.

Fig. 1. Overview of the redesigned course structure and research framework.

The study was conducted in accordance with ethical
research practices to ensure the protection of participants’
rights and well-being. Prior to data collection, informed
consent was obtained from all participants, who were assured
that their participation was voluntary and that they could
withdraw at any time without any negative consequences.
Confidentiality and anonymity were maintained throughout
the study, with all data being de-identified and securely stored
to prevent unauthorized access. The intervention and data
collection methods were designed to minimize any potential
risks to participants, focusing solely on their perceptions and
learning experiences. Approval for the study was obtained
from the relevant institutional ethics committee, ensuring
compliance with ethical standards for educational research.

IV. RESULTS

In this section, we present the results from the activities
conducted by the student groups, along with an analysis of
the data collected from the pre- and post-intervention
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questionnaires. The results are organized by data collection
tools to reflect how each source contributes to different
aspects of the research questions. The connections between
the findings and RQ1 and RQ2 are synthesized in the
Discussion and Conclusion section.

A. Student activities

In the activity of the ‘Generative Al in Education” lesson,
students utilized LLMs and Image GenAl tools to create
inquiry-based lesson plans and accompanying multimedia
content. The completed outputs were posted by the 11 student
groups in a discussion forum on the LMS platform. An
analysis of these discussions revealed that the groups selected
a wide range of topics for their lesson plans, including titles
such as “How Refrigerators Work: The Compression Cycle”,
“Applications of Screws and Fasteners in Mechanical
Assemblies”, “Basics of Metal Welding Techniques”, “The
Refrigeration Cycle in Everyday Appliances,” “Introduction
to Gearbox Mechanisms” and “Understanding the Basics of
Internal Combustion Engines.”
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into themes,

Concerning the first part of the activity, the themes that
emerged (Table 1) included:

Table 1. Students’ reflections on using LLMSs to generate lesson plans during the ‘Generative Al in Education’ lesson activity

Thematic Category

Example students’ reflections

Comments

Accuracy and
Output Quality

“The final result was not satisfactory because Al has problems
with translation.”

The tool does not perform well with different languages.

L)

“The results were almost always inaccurate or seemed ‘fake’.

Verification and user intervention are required.

“The lesson plan seemed correct but too simplistic.”

Needs more specialized analysis.

“It could be more detailed with more specialized questions.”

The tool can improve with additional information.

“Gemini analyzed all phases of the exploratory lesson plan and
continuously improved it based on our suggestions.”

Shows a good ability to improve based on feedback.

“ChatGPT understood what we were asking, and the final result
[lesson plan] was quite satisfactory.”

Shows good understanding and satisfactory results.

Prompt Adaptation

“I believe we would get better answers if we were more detailed in
the prompt.”

Details in the prompt affect the quality of the responses.

“If we were more descriptive in what we were asking, perhaps the
result would have been better.”

Guiding Al requires clarity and detail.

“The more specific the questions you ask, the more specific and
detailed the responses you receive.”

A basic principle of effective use of LLMs.

“To incorporate everything we needed into the lesson plan, several
rounds of Q&A were required.”

Improvements require multiple iterations.

“All one needs to do is ask simple and clear questions.”

The tool is effective with simple and well-structured
guestions.

Usability and User

“Sometimes the response generation was interrupted.”

Stability issue during usage.

“ChatGPT is very user-friendly, and we liked the interface for
natural language communication.”

Positive characteristic for users.

“Gemini provides significant assistance to teachers by designing
the lesson for them.”

Useful tool for educators.

“The ability to provide feedback directly on outputs made the tool

Shows the value of feedback mechanisms in enhancing

Experience . : . :
feel more interactive and responsive.” user experience.
“Natural language communication made it easy to interact, but Highlights the accessibility of the interface but notes a
understanding how to phrase prompts effectively took practice.” learning curve for optimal usage.
“It was easy to get started, but understanding how to fine-tune the Reflects a balance between initial ease of use and the
prompts took some trial and error.” learning curve for optimal usage.
“ChatGPT produced a correct lesson plan extremely quickly.” Speed is a major advantage.
“The re§ult was impressive’e’lt first glance, especially considering Highlights the value of speed in content creation.
. how quickly it was created.
Time and - - - - - - —
Performance “The tool saved a lot of preparation time, allowing us to focus on Reflects the time-saving potentlal while emphasizing the
improving the overall content quality.” need for human intervention.
“Even though the initial output was fast, evaluating and correcting Highlights the trade-off between speed and the time
the inaccuracies consumed more time than expected.” required for review and adjustments.
“At any time, [the LLM] can make mistakes, so you need to have
knowledge of the subject to make interventions and ensure the Highlights the need for professional judgment by the user.
Reliability and final result is reliable.”
Supervision “What we realized is that the result you get [from the LLM] should

be used as a starting point for generating ideas, and the final lesson
plan should come from your own interventions.”

The tool is more useful as a creative idea generator rather
than a fully automated solution.

Accuracy and Output Quality: Students highlighted
varying levels of satisfaction with the quality of the Al-
generated lesson plans. Some noted issues such as translation
problems, inaccuracies, or overly simplistic outputs, while
others found the results to be satisfactory for general tasks.
They also observed that iterative feedback improved the
quality of the outputs.

Prompt Adaptation: Crafting detailed and specific prompts
emerged as a key factor in generating meaningful Al outputs.
Students reflected on how clearer, more descriptive prompts
led to improved responses, emphasizing the importance of
precise input to achieve the desired outcomes.

Usability and User Experience: The tools were generally
regarded as user-friendly, with students appreciating their
ability to simplify the lesson planning process. However,
technical interruptions, such as response generation failures,
occasionally disrupted their workflow.

Time and Performance: The speed at which lesson plans
were generated was a major advantage, with students noting
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the efficiency of the tools in producing initial drafts. However,
creating a fully refined and complete lesson plan required
multiple iterations and ongoing adjustments.

Reliability and Supervision: Students stressed the
importance of professional judgment and oversight when
working with GenAl tools. While these tools were seen as
valuable for generating ideas and providing a starting point,
students emphasized the need for user intervention to ensure
accuracy, reliability, and alignment with instructional
objectives.

These reflections demonstrate how students navigated the
balance between leveraging the efficiency and creativity of
GenAl tools and applying their own critical thinking and
instructional expertise to refine the outcomes.

Concerning the second part of the activity, which involved
using Image GenAl tools to generate images relevant to their
lesson plans, students’ reflections revealed the following
themes (Table 2):
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Table 2. Students’ reflections on using Image GenAl tools to generate images relevant to their lesson plans during the ‘Generative Al in Education’ lesson

activity

Thematic Category

Example students’ reflections

Comments

Accuracy and
Output Quality

“It was not what I expected because the program showed an air
compressor and not a refrigeration compressor as I requested.”

Highlights a mismatch between user expectations
and the tool’s output.

“The result was what I expected, as the image shows all the tools needed
for welding.”

Positive feedback on the tool’s outputs.

“The images Firefly generated were not satisfactory for educational use.”

Indicates a limitation in the tool’s quality or
relevance for educational purposes.

“Craiyon produced a variety of high-quality images, but it struggled with
creating specific technical illustrations.”

Indicates strong creative capabilities but limited
precision for specialized content.

“The photo created was quite impressive and met my expectations... [
believe it would definitely attract students’ interest.”

Points out the potential for Al-generated content to
engage students.

“Although the generated content was accurate, it required significant
editing to align with my lesson objectives.”

Shows that while the tool is useful, it still requires
human oversight for fine-tuning.

Prompt Adaptation

“I had to be more specific to get the result I wanted.”

Reflects the importance of prompt engineering.

The result wasn’t exactly what I expected, as I had to use several different
prompts to achieve the desired outcome.”

Demonstrates a trial-and-error approach in prompt
formulation.

“Good knowledge of English is required... The results are less
satisfactory when the prompt is in Greek.”

Highlights a language barrier in tool functionality.

“When I added context to the prompt, the response became much more
relevant to my lesson plan.”

Shows how providing additional context in prompts
enhances the relevance of Al outputs.

“The tool I used was Craiyon. The results lacked variety and took a long

Indicates repetitive results and slower performance.

time to generate the images.”

User Experience

image quickly.”

“Deep Dream Generator created the image we requested very quickly...
It’s convenient when a teacher wants to create an original, ‘custom’

Positive acknowledgment of efficiency and
usefulness for instructional materials.

“At any time, [the tool] can make mistakes, so you need to have
knowledge of the subject to ensure the final result is reliable.”

Reflects the need for human oversight in using
these tools.

Reliability and

Supervision needed to get closer to the desired outcome.”

“The results were not always reliable; refinements and adjustments were

Indicates the necessity for user intervention to
improve or adapt outputs.

“Some outputs contained factual errors that could mislead students, so

careful verification was required before use.”

Highlights the importance of fact-checking Al-
generated content for educational purposes.

Accuracy and Output Quality: Students reported varied
levels of satisfaction with the quality of the generated images.
While some outputs met expectations, accurately reflecting
their prompts and aligning with educational needs, others fell
short, producing results that were irrelevant or unsuitable for
instructional use. This variation underscores the need for
refinement to ensure outputs meet specific educational
requirements.

Prompt Adaptation: The importance of crafting precise
and specific prompts was a recurring theme. Students
observed that better-defined prompts often led to improved
results, while vague or overly general inputs produced
suboptimal outputs. Some noted the additional challenge of
working in languages other than English, which affected the
quality and relevance of generated images.

User Experience: Students reflected on their experiences
using the tools, emphasizing their subjective perceptions of
ease of use and efficiency. While some appreciated the
convenience of generating custom visuals quickly, others
remarked on a perceived lack of variety in the generated
outputs or the time required to achieve satisfactory results.

Reliability and Supervision: Students highlighted the
necessity of human oversight when using GenAl tools. They
noted that the generated images occasionally required
significant refinement and that subject-matter expertise was
essential to validate the reliability of the outputs. This theme
underscores the tools’ role as a starting point for creative and
instructional efforts, rather than a fully autonomous solution.

This analysis highlights both the potential and limitations
of Image GenAl tools, demonstrating their ability to support
teachers in creating engaging visual content while
emphasizing the importance of effective prompting, user
expertise, and critical evaluation.

The student activity of the ‘Leveraging Web 2.0 Tools’
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lesson involved using an LLM as a teaching assistant to
provide ideas for integrating Web 2.0 tools into a WebQuest.
Across the responses, all student groups acknowledged the
potential of the LLM to generate “...many great ideas.”
Several groups further appreciated that “...[the LLM] fully
justified everything it proposed,” “...its suggestions were
easily comprehensible,” and “...was there to help us when we
were stuck.” However, the analysis of students’ interactions
with the LLM revealed that most groups engaged with the
tool in a limited manner, typically submitting a single request
prompt and not engaging in iterative dialogue. This pattern of
usage may have influenced the nature of their responses,
which lacked diversity and thematic variation. While the
activity demonstrated the LLM’s ability to support ideation
effectively, it also highlighted a tendency among students to
approach the tool as a static resource rather than an interactive
assistant.

Students submitted their completed group projects as an
assignment on the LMS platform and presented their
WebQuests to the class, receiving final feedback from peers
and instructors. Additionally, they were asked to reflect on
their use of GenAl throughout the project and to share
insights into how these tools supported their instructional
design efforts. Among the 11 groups, 4 (36%) reported
utilizing GenAl, specifically ChatGPT, during the
development of their WebQuests. The reflections provided by
these groups revealed mixed experiences. While GenAl was
applied across several sections of the WebQuest, its perceived
effectiveness varied. One group shared a positive experience,
noting that “ChatGPT helped us design the rubric for the
evaluation section.” Another highlighted its dual usefulness,
stating, “We asked ChatGPT initially to explain how to
design the WebQuest,” and further noting its support in
designing the process section: “It also helped us divide the
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students into groups and assign roles to each.” However,
other groups expressed dissatisfaction with the tool’s output.
For instance, one group attempted to use ChatGPT for the
Task component but ultimately rejected its suggestions: “We
attempted to use ChatGPT to give us ideas for what task to
assign to students in the WebQuest. The results were
unsatisfactory, so we didn’t use them.” Another group
reported only limited use of ChatGPT, stating, “We used
ChatGPT sparingly... mainly to draft the introduction of the
WebQuest.” These reflections highlight both the potential
and the limitations of GenAl in supporting instructional
design. While some groups found ChatGPT useful for tasks
such as creating rubrics or structuring the WebQuest process,
others encountered challenges in obtaining contextually
relevant or satisfactory outputs, leading them to either refine
the tool’s suggestions or abandon them altogether.

B. Pre and post-intervention questionnaires: Students’
awareness, perceptions, and future use of GenAl tools

From the 31 students enrolled in the course, a total of 20
completed both the pre- and post-intervention questionnaires.
The remaining 11 students may have been absent on the day
of administration of either the pre- or post-intervention
questionnaire or chose not to participate, as the questionnaire
was optional. While no demographic or academic data were
collected from non-respondents, their absence may have
introduced selection bias, as they could represent a subset of
the population with differing levels of engagement, interest
in GenAl tools, or availability. As the study was conducted
within the constraints of a semester-long course, follow-up
with non-respondents to understand their reasons for non-
participation was not feasible. Ethical considerations related
to the voluntary nature of participation further restricted the
ability to obtain responses from all enrolled students.

To evaluate the implications of the limited sample size
(N =20), a post-hoc power analysis was conducted to
determine whether it was sufficient to detect statistically

Pre-intervention Heatmap

significant differences in pre- and post-intervention responses.
The analysis was based on the calculated effect sizes (d) from
the data, which ranged from 0.39 (small effect size) to 1.02
(large effect size) across the selected questions. Using the
mean effect size (d = 0.62), representing a medium effect
size according to Cohen’s guidelines, and assuming a
significance level of « = 0.05 and a statistical power of 1 —
B = 0.8, the analysis indicated that a minimum sample size
of approximately 42 participants would have been required.
Consequently, the sample size in the present study was
insufficient to achieve the desired power, and the results
should be interpreted with caution.

Most respondents were third-year students, predominantly
male, and graduates of vocational high schools. Nearly all
participants reported owning personal computers and having
reliable internet access at home, reflecting a high level of
technological readiness. Quantitative data from the pre- and
post-intervention questionnaires was collected to assess
changes in students’ awareness and perceptions of GenAl
tools. Heatmaps (Fig. 2) illustrate the frequency distribution
of students’ responses to selected questions before and after
the intervention, with darker shades representing higher
response frequencies. In the pre-intervention heatmap, most
students rated their familiarity with Al (Q11) and GenAl
(Q12) at moderate levels, with fewer responses in the highest
categories (4 and 5). Similarly, their belief in the utility of
GenAl tools in their studies (Q14-Q16) was modest, with
responses predominantly clustered in the middle categories (2
and 3). The post-intervention heatmap reveals a distinct
upward shift, with higher frequencies observed in Likert scale
categories 4 and 5 across most questions, particularly for Q12
(“Tknow what GenAl is”). Responses to New Q14 (“I believe
that using GenAl tools supported me in the Educational
Technology course”) were similarly concentrated in the
higher categories, indicating increased confidence in GenAl’s
relevance and utility.

Post-intervention Heatmap
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Fig. 2. Pre- and post-intervention heatmaps illustrating the frequency distribution of students’ responses to selected questionnaire items on awareness and
perceptions of GenAl. darker shades represent higher response frequencies on a 5-point Likert scale.

Table 3 provides a detailed breakdown of these shifts,
presenting the distribution of Likert scale responses for key
questions. The data highlights the overall positive trend in
students’ familiarity with and perceptions of GenAl. For
example, the mean score (M) for Q12 increased significantly
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from the pre- to post-intervention responses (M = 2.55 to
M = 3.65), reflecting a notable improvement in students’
understanding of GenAl tools. Standard deviation (SD)
reveals reduced variability for Q12 (SD = 1.146 to SD
0.988), indicating greater consensus among students in their
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post-intervention perceptions. Similarly, Q14 (“I believe that
using GenAl tools supported me in the Educational
Technology course”) showed a moderately high mean score
post-intervention (M = 3.50, SD = 1.000), reinforcing the
tool’s perceived relevance to their studies. Q15 (“I believe
that using GenAl tools will generally help me in my studies™)
and Q16 (“I believe that GenAl tools are important for my

field of study”) also demonstrated increases in their mean
scores and lower standard deviations post-intervention,
signifying improved agreement and confidence in the
applicability of GenAl tools.

These trends are visualized in Fig. 3, which depicts the
differences in Likert scale responses before and after the
intervention.

Changes in students’ awareness and perceptions of GenAl: Pre- vs post-intervention mean scores
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Fig. 3. Comparative bar chart of pre- and post-intervention mean scores for selected questions on awareness and perceptions of GenAl tools. Error bars
indicate standard deviations (SDs).

Table 3. Pre- and post-intervention means (M) and standard deviations (SD) for selected questions on students” awareness and perceptions of GenAl tools

Pre-intervention Post-intervention

Question v ) M D
Q11. I know what artificial intelligence is. 3.70 0.979 4.20 0.523
Q12. | know what generative artificial intelligence (GenAl) is. 2.55 1.146 3.65 0.988
Q14. | believe that using GenAl tools could support me in the Educational Technology course. 2.95 1.146 X

New Q14. | believe that using GenAl tools supported me in the Educational Technology course. X 3.50 1.000
Q15. | believe that using GenAl tools will generally help me in my studies. 2.70 1.031 3.25 0.851
Q16. I believe that GenAl tools are important for my field of study. 2.70 1.129 3.10 0.912
Q18. | believe that GenAl tools should be integrated as teaching aids across other courses. X 2.95 1.276
Q19. | believe that | will use GenAl tools on my own initiative for other courses. X 3.00 1.257

Further insights were drawn from students’ responses to
QI8 (“I believe that GenAl tools should be integrated as
teaching aids across other courses”) and Q19 (“I believe that
I will use LLMs on my own initiative for other courses”).
While both items showed moderate agreement (Q18: M =
2.95,SD =1.276 ; Q19: M =3.00, SD =1.257 ), the
standard deviations indicated variability in how students
perceived the utility of LLMs for future use. These results
suggest cautious optimism among students, with some
enthusiastic about expanding GenAl’s role in their education,
while others remain uncertain about its broader applicability.

The correlation analysis revealed several key relationships
between the variables both pre- and post-intervention. Before
the intervention, a significant correlation was observed
between Q11 and Q12 ( r =10.718, p = 0.00036 ),
highlighting a strong connection between general Al
understanding and GenAl familiarity. The correlation
between Q14 and Q15 (r = 0.477, p = 0.0336) indicates
the relevance of GenAl’s anticipated support in the course
(Q14) to its learning potential (Q15). Similarly, the
correlation between Q15 and Q16 (r = 0.642, p = 0.00226)
highlights the relationship between GenAl’s learning
potential (Q15) and its teaching potential (Q16). After the
intervention, certain relationships became more pronounced,
particularly the correlation between Q14 and Q15 (r =
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0.588, p < 0.005) and between Q15 and Q16 (r = 0.688,
p = 0.0008). Additionally, a moderate to strong positive
correlation was observed between Q14 and Q16 (r = 0.577,
p < 0.006 ), highlighting the relevance of GenAl in
supporting specific courses (Q14) to its utility as a teaching
tool (Q16). Concerning the questions Q18 and Q19 that were
introduced in the post-intervention questionnaire, the
strongest correlations were observed with Q16 (Q19 and Q16:
r =0.735 p < 0.001; Q18 and Ql6: r=0.728, p <
0.001), highlighting a strong link between recognizing the
importance of GenAl tools for educators (Q16) and their
perceived utility both as a learning (Q19) and teaching (Q18)
aid. No other statistically significant correlations were
observed, likely due to the small sample size and reduced
statistical power. This suggests that weaker relationships may
not have been detected, and the findings should be interpreted
with caution.

The post-intervention questionnaire also included the
open-ended question “What do you specifically think the
integration of GenAl tools in the Educational Technology
course offered you?” (Q17). Based on the students’ responses
to it, the following thematic categories were identified (Table
4):

Familiarity with GenAl: Students frequently emphasized
how the integration of GenAl tools helped them become
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familiar with their functionalities, applications, and potential.
Responses reflected that many students were introduced to
GenAl for the first time and gained a better understanding of
how these tools operate. This learning experience served as a
foundation for further exploration and skill development.
Creativity and Resource Creation: The tools were
recognized for their ability to inspire creativity and assist in
generating new ideas, particularly for producing visual and
multimedia resources. Students appreciated the role of GenAl

in supporting imaginative thinking and enhancing their ability
to create engaging content for educational purposes.
Efficiency and Convenience: Several students highlighted
the practical advantages of using GenAl tools, describing
how these tools streamlined their work processes and made
tasks quicker and more manageable. They noted how
structured support provided by GenAl facilitated the
completion of assignments, saving time and effort.

Table 4. Categorized student responses to the open-ended question: “What do you specifically think the integration of GenAl tools in the Educational
Technology course offered you?” (Q17)

Category Explanation

Response examples

Students gained familiarity with

GenAll tools, including their before...

Familiarity with

“The integration of Al into the course taught me how to use it, as I didn’t know how

“I became more familiar with Al since I often used it to search for specific things.”

GenAl f%?gst?;]ﬁ lities, applications, and “I gained familiarity with Al tools, which helped me build a foundation for further
P ) exploration.”
. GenAl tools inspired creativity, helped . . . i
Creativity and students generate new ideas, and “It helped me more w1th”the creative part.
Resource facilitated the production of visual and It gave me many ideas.
Creation “It helped me create images for the site and inspired ideas for the WebQuest.”

multimedia resources.

GenAl tools made tasks easier and
faster, offering structured support for
completing assignments.

Efficiency and
Convenience

“Quick responses, concise information on topics, and help with structuring assignments.”
“It made it easier for me to find various things I needed.”
“With the right prompt, Al provides a good guide on how to approach an assignment.”

Broader Students gained new knowledge and “It broadened my general knowledge by providing more information.”

Knowledge and perspectives from working with GenAl  “It gave me more knowledge and a better understanding of the course.”

Insights tools, enriching their understanding. “A broader perspective on things.”

Critical Students evaluated the limitations “It allows for more complete and immediate knowledge but comes with a higher risk of
Reflection on challenges, and broader implications of misinformation.” hecking inf . ﬁ d
GenAl using GenAl tools in education. It makes many mistakes, so cross-checking information is necessary. It often needs

guidance to understand something.”

Broader Knowledge and Insights: Students reported that
working with GenAl tools enriched their understanding and
broadened their perspectives. Through their interactions with
these tools, they accessed new knowledge and information,
which contributed to a more comprehensive grasp of course
content and concepts.

Critical Reflection on GenAl: Students reflected on the
limitations and challenges of using GenAl tools in education,
such as the potential for misinformation and the need for
cross-verification of generated content. Their responses
demonstrated an awareness of the complexities involved in
leveraging these technologies effectively and responsibly.

This analysis underscores the multifaceted impact of

integrating GenAl tools into the course, highlighting their
potential to foster familiarity, creativity, and efficiency while
also encouraging critical thinking and reflection on their
broader implications.

Fig. 4 visually represents the frequency of responses within
each category. Notably, the highest number of responses fell
under the themes of Creativity and Resource Creation and
Broader Knowledge and Insights, indicating students’
recognition of GenAl’s potential in fostering creative outputs
and expanding their understanding. The theme Critical
Reflection on GenAl, while less frequent, highlights the
nuanced engagement of students with the limitations of these
tools.

Distribution of Thematic Categories from Q17 Responses
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on GenAl
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and Insights

Fig. 4. Distribution of student responses across thematic categories for the open-ended question: “What do you specifically think the integration of GenAl
tools in the Educational Technology course offered you?” (Q17).

V. DISCUSSION

This section addresses the study’s research questions: RQ1,
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which explores how the redesigned Educational Technology

course shaped pre-service Mechanical Engineering educators’

perceptions of GenAl’s potential as a teaching and learning
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tool, and RQ2, which delves deeper into how these educators
used and perceived the applications of GenAl tools for
ideation, instructional design, and content creation. Together,
these inquiries provide a comprehensive understanding of
both the broader impacts of GenAl integration on students’
familiarity and perceptions, as well as the specific
affordances and limitations of these tools in supporting
instructional practices.

RQ1: How did the pre-service Mechanical Engineering
educators’ experience with the redesigned Educational
Technology course shape their perceptions of GenAl’s
potential as a teaching and learning tool?

The integration of GenAl tools into the redesigned
Educational Technology course had a notable impact on
students’ familiarity with these technologies and their
perceptions of their potential for teaching and learning. Pre-
and post-intervention results (Table 3, Fig. 2) indicate a
significant improvement in students’ awareness of both
artificial intelligence and GenAl, with higher frequencies of
agreement observed in Likert scale categories for related
questions (Fig. 1). Additionally, responses showed reduced
variability, suggesting a greater consensus among students
regarding their familiarity with these technologies.
Reflections from Q17 further confirm that hands-on exposure
to GenAl tools during the course contributed to this
familiarity, providing a foundation for exploring their
functionalities and applications (Table 4. Learning and
Familiarity with GenAl). Building on this enhanced
familiarity, students demonstrated a positive shift in their
perceptions of GenAl’s educational potential. Prior research
highlights that familiarity with Al tools enables users to better
recognize their benefits, such as supporting personalized
learning and improving efficiency [36, 37]. Consistent with
these findings, the results of this study show that students
gained an increased appreciation for GenAI’s role in
education.

Perceptions of GenAl as a Learning Tool. Students’
perceptions of GenAl as a tool to enhance their learning were
generally positive but nuanced. Responses to Q15 (Table 3
and Fig. 2) revealed a growing recognition of GenAlI’s ability
to enhance learning efficiency and support personalized
educational experiences. Students were also slightly
confident about using GenAl tools independently for their
other courses, as indicated by their responses to Q19 (Table
3). Students’ reflections in Q17 (Table 4 and Fig. 3) revealed
their appreciation for GenAI’s ability to efficiently and
conveniently streamline their learning processes by
broadening their knowledge and providing concise
information and creative ideas. However, the challenges they
identified, including inaccuracies and the need for iterative
refinement of outputs, tempered their enthusiasm and
underscored concerns about the tools’ reliability. These
findings align with observations by Monib et al. [38], who
noted that while learners value GenAl tools like ChatGPT for
their efficiency and ability to streamline tasks, they remain
cautious about the quality and accuracy of the outputs. Such
dual perspectives highlight both the promise and the
limitations of using GenAl as a learning tool.

Perceptions of GenAl as a Teaching Tool. Students’
perceptions of GenAl’s potential to support teaching were
more ambivalent. While many recognized its utility in
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enhancing creativity, supporting lesson planning, and
streamlining content creation (Table 4), the slight post-
intervention increase in responses to Q16 reflected moderate
recognition of GenAl as a teaching tool in Mechanical
Engineering Education. This was also the case with Q18
responses that indicated cautious optimism (Table 3 and Fig.
2). These findings align with observations by Bae et al. [39],
who noted that pre-service teachers often recognize the
importance and usefulness of GenAl tools but may not feel
fully confident in integrating them into their teaching
practices. Such ambivalence may stem from uncertainties
about GenAl’s reliability and the complexities of adapting it
to real-world teaching contexts. Bae et al. emphasize the need
for structured experiences to bridge this gap, suggesting that
professional development opportunities targeting Al literacy
could play a pivotal role in building educators’ confidence
and competence in leveraging GenAl for teaching.

Interconnected Perceptions: Teaching and Learning. The
interconnected nature of students’ perceptions of GenAl as
both a teaching and learning tool was evident in the results.
Correlation analysis (Section 1V.B) revealed strong post-
intervention links between students’ perceptions of GenAl’s
utility in the course (Q14) and its broader applications in
learning (Q15) and teaching (Q16). These findings suggest
that as students recognize GenAl’s relevance in specific
educational contexts, they also begin to perceive its wider
applicability across various teaching and learning scenarios.
Similarly, the strong correlations between Q16 (teaching
potential) and Q18/Q19 (utility in teaching and learning)
indicate that understanding GenAI’s relevance to education
as a field positively influences its perceived use in diverse
contexts.

These relationships highlight the value of structured course
activities that embed GenAl in authentic teaching and
learning scenarios. Such experiences help students critically
evaluate and adapt these tools for varied educational purposes,
fostering both familiarity and critical engagement. By doing
S0, pre-service educators can develop nuanced perspectives
on GenAlI’s potential to transform teaching and learning.

RQ2: How did pre-service educators use and perceive the
applications of GenAl tools for ideation, instructional design,
and content creation during the redesigned Educational
Technology course?

The redesigned Educational Technology course introduced
pre-service educators to GenAl tools, focusing on three key
applications identified by Moundridou et al. [3]: ideation
(generating ideas to address instructional challenges),
instructional design (assisting in organizing and structuring
activities and lesson plans), and content creation (producing
resources in various formats such as text and multimedia).
Students’ reflections and activity outcomes revealed their
perceptions of how these tools supported these applications,
while also highlighting limitations and areas for further
refinement.

Ideation—Students perceived GenAl tools as useful for
generating ideas, especially in providing starting points for
instructional challenges. In the Web 2.10 lesson (Section
IV.A), students used an LLM to brainstorm applications of
Web 2.0 tools in a WebQuest. Some groups appreciated the
tool’s capacity to generate “many great ideas” and justify its
suggestions comprehensively, though most interacted with
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the tool only once, suggesting limited engagement with its
iterative potential. Similarly, in the lesson plan activity,
GenAl tools offered general guidance but often required
refinement to better align with specific instructional needs
(Table 1: Reliability and Supervision). Negative feedback
from the WebQuest project revealed dissatisfaction with
GenAl-generated ideas in certain cases, as one group rejected
ChatGPT’s suggestions entirely, deeming them irrelevant.
Responses to Q17 (Table 4 and Fig. 3) further highlighted
students’ mixed perceptions: while many valued the tools for
their creative potential, others recognized their limitations in
producing nuanced, context-specific ideas.

Instructional Design—Students’ experiences revealed that
GenAl tools can facilitate planning and structuring
instructional activities but require significant user oversight.
In the lesson plan activity, students used LLMs to draft
inquiry-based lesson plans (Table 1), noting the efficiency
with which organized frameworks were generated. However,
many found the outputs too simplistic for specialized topics,
necessitating iterative adjustments to ensure alignment with
instructional objectives. Similarly, during the WebQuest
project (Section IV.A), students used ChatGPT to
conceptualize activity sequences, assign roles, and draft
evaluation rubrics. While these applications align with Hu et
al.’s [2] observations about GenAl streamlining instructional
planning, students noted that the tool’s generic outputs often
failed to account for the nuanced demands of their projects.
These perceptions underscore the importance of critical user
intervention to refine GenAl-generated instructional designs.

Content Creation—GenAl tools were perceived as
effective for generating multimedia content, particularly for
efficiency in creating visuals. In the Image GenAl activity,
students appreciated the tools’ ability to produce visually
engaging materials quickly, with reflections emphasizing
their utility for crafting original images (Table 2: User
Experience). Responses to Q17 (Table 4) echoed this
sentiment, with students acknowledging that GenAl tools
enhanced their creative outputs. However, challenges arose in
ensuring the relevance and accuracy of the generated content.
In the Image GenAl activity, students reported that the tools
often produced irrelevant or inaccurate outputs (Table 2:
Accuracy and Output Quality), such as mismatched visual
representations. Dissatisfaction with text-based outputs in the
WebQuest project (Section IV.A) further highlighted
limitations in using GenAl for content creation.

The findings demonstrate that the redesigned Educational
Technology course effectively introduced pre-service
educators to the diverse applications of GenAl tools,
equipping them with foundational skills and fostering an
awareness of their potential and limitations. Across all three
applications, students valued GenAl tools for their ability to
provide initial guidance, streamline workflows, and enhance
creativity. However, recurring challenges—including generic
outputs, limited contextual depth, and the need for
refinement—nhighlighted the critical role of user oversight
and active engagement in realizing these tools’ educational
potential. These insights align with prior research, which
underscores GenAl’s complementary role in instructional
design and content creation [2, 3] and emphasizes the
necessity for educators to critically evaluate and adapt
outputs to meet specific learning objectives and students’
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needs [4, 9, 40].

While the results suggest that these tools require further
refinement to better support nuanced educational contexts,
they also highlight the value of iterative, hands-on
experiences in building pre-service educators’ technical
confidence and pedagogical judgment. This approach is
echoed in the work of Mishra et al. [8], who advocate for
teacher education programs to balance technical and
pedagogical training, fostering effective integration of GenAl
into instructional practices.

VI. CONCLUSIONS

The integration of GenAl tools into the redesigned
Educational Technology course provided pre-service
Mechanical Engineering educators with valuable insights into
the opportunities and challenges of incorporating artificial
intelligence in education. The course enhanced their
familiarity with GenAl and deepened their understanding of
its potential to streamline teaching and learning processes,
improve efficiency, and foster creativity. While students
recognized the tools’ utility in ideation, instructional design,
and content creation, their reflections also highlighted the
need for critical oversight to address limitations such as
generic outputs and contextual inaccuracies. These findings
emphasize the dual role of GenAl as both a facilitator and a
subject of critical evaluation, underscoring the importance of
iterative, hands-on experiences in developing educators’
technical confidence and pedagogical adaptability, equipping
them to use these technologies effectively and critically
evaluate their role in diverse educational contexts.

The integration of GenAl tools into education necessitates
a strong commitment to ethical practices, particularly in
safeguarding privacy, ensuring data security, and addressing
biases inherent in Al systems. As students interact with
GenAl platforms, it is essential that institutions and educators
ensure compliance with data protection regulations,
maintaining transparency about how data is collected,
processed, and used. Additionally, biases embedded in Al-
generated content could inadvertently perpetuate stereotypes
or inaccuracies, underscoring the need for rigorous critical
evaluation of outputs before their application in educational
settings. Adherence to established ethical guidelines and
frameworks is critical to navigating these challenges
responsibly. Resources from the European Commission [41],
the U.S. Department of Education [42], and UNESCO [43]
provide valuable recommendations for fostering the ethical
and impactful use of Al in education. By incorporating these
principles, educators can ensure that the adoption of GenAl
tools enhances learning experiences while upholding
academic integrity and ethical standards.

VII.

One of the primary limitations of this study is the small
sample size, which may have impacted the statistical power
of the findings. A post-hoc power analysis was conducted to
evaluate whether the sample size was sufficient to detect
statistically significant differences in pre- and post-
intervention responses. The analysis indicated that a sample
size of approximately 42 participants would have been
required to achieve sufficient statistical power. Consequently,

LIMITATIONS OF THE STUDY
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the results should be interpreted with caution. Additionally,
the absence of responses from 11 enrolled students, who
either opted out of the questionnaires or were absent during
administration, may have introduced selection bias. These
non-respondents could represent a subset of the population
with differing levels of engagement or interest in the course
and GenAl tools. Future studies should aim to include larger
sample sizes and implement mechanisms to mitigate non-
response, such as collecting demographic information at the
outset or designing follow-up strategies to understand reasons
for non-participation. These measures would enhance the
generalizability and robustness of the findings.

In addition to the small sample size, this study’s findings
are influenced by several other limitations that should be
considered. The study focused on immediate post-
intervention effects without follow-up assessments to
evaluate long-term retention or the practical application of the
learned skills. This constraint, imposed by the semester-long
course structure, limited the exploration of the sustained
impact of the intervention on students’ teaching practices and
the integration of GenAl tools in real classroom settings.
Similarly, the absence of a control group restricted the ability
to isolate the intervention’s effects and account for potential
external influences.

The study was conducted in a specific cultural and
institutional context—a Greek institution with pre-service
Mechanical Engineering educators—whose familiarity with
and positive attitudes toward technology likely influenced the
findings. While no significant technical challenges were
encountered during the course, the participants’ high level of
technological readiness and reliable access to digital tools
may limit the generalizability of the results to other
populations with differing technological competence or
attitudes toward GenAl tools.

Future research should address these limitations by
incorporating longitudinal components, control groups, and
more diverse and larger samples across varied disciplines and
institutional contexts. Expanding the scope of data collection
to include long-term evaluations would provide deeper
insights into the sustained impact and broader applicability of
GenAl tools in education.

APPENDIX

Appendix A

Pre-Intervention Questionnaire

1) Demographic Data:
Q1. Gender.
Q2. Year of study at ASPETE.
Q3. Type of high school.
Q4. Direction in high school.
Q5. Order of preference for the department where | study.
Q6. My grade in the 3" semester Computer Applications in Education
course.
Q7.lownaPC.
Q8. I have an internet connection.
Q9. I am familiar with PC use.
Q10. I am familiar with internet use.
2) Awareness and Perceptions of Al:
Q11. I know what artificial intelligence is.
Q12. I know what generative artificial intelligence (GenAl) is.
Q13. Which of the following GenAl tools have you used? (Select all
that apply.)
Q14. | believe that using GenAl tools could support me in the
Educational Technology course.
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Q15. | believe that using GenAl tools will generally help me in my
studies.
Q16. | believe that GenAl tools are important for my field of study.

Post-Intervention Questionnaire

1) Demographic Data:
Q1-Q10. Same as Pre-Intervention Questionnaire.

2) Perceived Impact and Future Use of LLMs:
Q11-Q13. Same as Pre-Intervention Questionnaire Q11-Q13.
Q14. | believe that using GenAl tools supported me in the Educational
Technology course.
Q15-Q16. Same as Pre-Intervention Questionnaire Q15-Q16.
Q17. What do you specifically think the integration of GenAl tools in
the Educational Technology course offered you?
Q18. I believe that GenAl tools should be integrated as teaching aids
across other courses.
Q19. I believe that | will use GenAl tools on my own initiative for
other courses.

Appendix B

Activity 1: ‘Generative Al in Education’ Lesson Activity

In this activity, you will collaboratively practice using some of the

Generative Al tools introduced during the lesson with your group.

Before You Begin:

1.Review the lesson presentation and Chapters 3 and 4 of the guide available
in the “Educational Material” section of the course.

2.Register (all group members) on the following tools and familiarize
yourselves with their features:
- OpenAl - ChatGPT 3.5
- Google — Gemini
- Adobe — Firefly
- Craiyon
- Deep Dream Generator

3.As a group, select a topic from your field that you hypothetically would
like to teach to vocational high school students. This topic will be the basis
for developing inquiry-based lesson plans using the tools.

Part A: Using TextGenAl Tools (to Generate Lesson Plans)

1.Use ChatGPT and Gemini (some group members with one tool, and others
with the other) as assistants to create each an inquiry-based lesson plan.

2.Do not limit yourself to the first response you receive. Engage in a back-
and-forth dialogue to refine and improve the output.

3. Share/export your conversation and save the corresponding link.

Discussion Board Task: Each group should create a discussion thread and

have all group members respond to the following prompts:

= What was the topic for which you tried to create a lesson plan?

= Share the link to your conversation with the tool.

= Reflect: Was the final output satisfactory? What were its shortcomings?
What do you think could be done to get “better” responses? Is there
anything else worth commenting on?

Part B: Using ImageGenAl Tools (to Generate Relevant Images)

1. For the same topic, each group member should use a different tool from
the following: Firefly, Craiyon, or Deep Dream Generator.

2.Create an image that you would present to your students to spark their
interest and orient them to the topic.

3. Save the generated image and record the prompt you used.

Discussion Board Task: In the same discussion thread, each group member

should respond to the following prompts:

= Which tool did you use?

= What was the prompt you gave?

= Attach the file of the image generated by the tool.

= Reflect: Was the result what you expected? What were its
shortcomings? How do you think better results could be achieved?

Activity 2: ‘Leveraging Web 2.0 Tools’ Lesson Activity

In this activity, you will explore ways to incorporate various Web 2.0 tools
into the design of a WebQuest.
Below are the Web 2.0 tools you will evaluate for their potential integration:
- Digital comic creation tools
- Word cloud creation tools
- Video creation tools
- Digital interactive poster creation tools
- Website or blog creation tools
Proposing Applications for Web 2.0 Tools in a WebQuest
For each tool, answer the following:
= Which section(s) of the WebQuest would you use the tool in?
= How would you use the tool?
= For what purpose?
= Who would use the tool in each case (students or educators)?
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Seeking Al Assistance for Tool Utilization

If you found it challenging to generate ideas for one or more of the tools

above, seek assistance from ChatGPT or Gemini. Provide the following:

= The link to your conversation with the Al tool.

= Your reflection: Were the ideas provided by the Al useful? What worked
well, and what could be improved?

Final WebQuest Project: Submission Guidelines

For your final project, you will work with your group to design a WebQuest
for a vocational high school course within your field of expertise. This
project will integrate the theoretical and practical knowledge you have
gained throughout the course.
Your WebQuest should be hosted on a website that your group creates and
publishes using Canva or a similar platform.
Submission Requirements
When submitting your project, include the following details:
1. Group Members’ Names: List the full names of all group members.
2.URL of the WebQuest: Provide the link to your published WebQuest.
3. Title of the WebQuest: Specify the title of your WebQuest.
4.Use of Generative Al Tools: If you utilized any Generative Al tools,
answer the following:
= Which Generative Al tools did you use?
= Why did you use each tool, and how was it applied in the project?
= Did you find these tools helpful in designing or developing the
WebQuest? If yes, explain how they assisted you. (For example: Did
they clarify something you didn’t understand? Provide ideas? Generate
content that you wouldn’t have created on your own?)
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