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Abstract

Due to the rapid advancement of Al technology, using Al as a learning aid has become a common
learning method in higher education. This fact can be found in many research papers and educational
reports related to Al This study, based on this premise, examines the feasibility and effectiveness of
guiding students to use Al to learn about sustainable development, and observes whether students'
Al usage habits affect their ability to learn about sustainable development through this method. The
study takes a compulsory course at a university in Taiwan as an example. By guiding students to use
Al tools to learn about sustainable development, it not only reduces the pressure on teachers due to
limited course time and the need for students to learn on their own, but also allows students to apply
sustainable development-related knowledge in their team reports through the process of self-study.
Based on the data collected from the questionnaire, using Al as an auxiliary tool for sustainable
development learning is an effective strategy, and most students are able to acquire the necessary
sustainable development-related knowledge. However, we have noticed that students’ daily habits
of using Al will affect the effectiveness of their learning related to sustainable development through
Al For example, whether or not to pay for the use of Al will result in differences in learning outcomes.
In addition, the number of devices on which Al is used is also related to students’ anxiety in learning
behavior. Students also have a gap to bridge between acquiring knowledge and being able to put it
into practice in life, and they are not clear about the relationship between Al using and sustainable
development. Therefore, this research suggests that, in future, teachers should focus on helping
students understand the relationship between Al and sustainable development, and guide them to
apply the acquired sustainable development knowledge in their personal lives.

Keywords: Al integration into teaching; Al and sustainability; education of sustainable development
(ESD); personalized learning

1. Introduction

The impact of generative artificial intelligence (AI) on higher education has become undeniable.
Data released by Campbell Academic Technology Services in 2025 indicates that the proportion of
faculty and students using Al tools for teaching, administration, and academic work in 2025 will be
significantly higher than in 2024 [8]. Ever since the ChatGPT craze swept the world in late 2022, higher
education has been facing constant challenges: How can Al tools be applied in teaching and research?
How can faculty guide students to use Al as a learning aid? Is Al truly a suitable learning aid for
students? Research and suggestions addressing these issues are constantly being proposed. For
example, UNSECO proposed competency frameworks for the use of Al in higher education in 2025,
providing faculty with recommendations for its use in teaching and identifying potential obstacles
and challenges[35].
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At the same time, the concept of sustainable development is gaining increasing attention. Since
the 2015 publication of the United Nations document A/RES/70/1, "Transforming our world: the 2030
Agenda for Sustainable Development,” the Sustainable Development Goals (SDGs) have become
increasingly embedded in our world. From the perspective about education of sustainable
development (ESD), we should help students understand how sustainability can be implemented in
their lives. This is reflected in SDG 4.7, which states, "Ensure that all learners acquire the knowledge
and skills needed to promote sustainable development."

Given the importance of learning about the SDGs and the increasing maturity of Al tools and
technologies, using Al tools to teach students about sustainable development could be an appropriate
pedagogical approach. Dr. Huang, one of the researchers, has been guiding master's students using
Al tools to develop lesson plans and assignments since 2023. Over a five-week period, the program
gradually guided students through the development of a 40-minute lesson plan suitable for
elementary school students. The study showed that using Al tools did help students further their
understanding of sustainable development, but due to limitations in the technology and teacher
guidance at the time, students felt the resulting assignments and lesson plans were inadequate [14].
This unsuccessful experience led the researchers to reconsider whether different approaches should
be used to guide students. Furthermore, the growth and advancement of Al technology between 2024
and 2025, along with its increased capabilities, should make it even more effective in integrating
sustainable development into teaching and guiding student learning.

Regarding the relationship between Al and sustainable development learning, since Al is a tool
that can achieve certain results as an educational aid, how can we use this teaching aid to guide
students in their use and further their understanding of the SDGs? This research is based on the
results of a course conducted at a university in Taiwan from 2024 to 2025. Because the course is a
required course with a common syllabus, the instructor needs to guide students in using Al tools as
a personalized learning aid outside of class. This method is used by the instructor to first guide
students in gaining a basic understanding of the SDGs, then through group discussions and allowing
students to use Al for independent learning outside of class. Finally, the knowledge related to
sustainable development is applied in the final group report.

This study aims to understand whether using Al as a learning aid can help students learn about
sustainability in a personalized way. However, we also noted that students' learning of sustainability
through Al is related to their personal Al usage habits. Therefore, this study will focus on two main
questions:

Question 1: Does the use of Al tools as learning aids help students learn about sustainability?

Question 2: Does students' Al usage habits affect their learning of sustainability through AI?

2. Literature Review

The use of Al as a teaching aid is supported by a wealth of literature. Drawing on guidelines and
reports from education-related foundations and research institutions, including the United Nations
and UNSECO, as well as research from experts and scholars, we will discuss how Al can benefit both
students and teachers as a personalized learning aid. While some of the literature and reports
discussing Al may focus to specific educational systems (e.g., K-12) or regions (e.g., Latin America),
these discussions can provide insights into real-world practices. This review will include discussions
and research related to sustainable development. Furthermore, we will include supporting research
on Al and higher education, examining the impact of Al on higher education from a practical
perspective.

2.1. UNSECO'’s Views on the Use of Al in Higher Education

The United Nations and UNSECO have already made recommendations on the relationship
between Al and higher education since the advent of Al and its impact.

For example, in 2021, UNSECO published Al and Education: Guidance for Policymakers, which
is based on the Beijing Consensus on Artificial Intelligence and Education. The report stated that the
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use of Al will empower teachers and enhance teaching [21]. The content also mentioned that Al can
assist teachers in doing more work, and believed that teachers can work with Al to implement the
‘dual teacher’ model. In 2023, UNSECO published Harnessing the Era of Artificial Intelligence in
Higher Education: A Primer for Higher Education Stakeholders. The report noted that Al can provide
personalized learning and provide personalized feedback to students and teachers. Al for
personalized learning can provide instruction tailored to students' needs, allowing them to learn at
their own pace and be applied to personalized course settings.[18]. The use of Al in higher education
can help learners meet their individual learning needs through existing learning frameworks. This
can be achieved through a blended approach, using contextual tools to help students achieve specific
learning needs. [18]

In 2024, UNSECO proposed a preparatory framework for students and teachers to integrate Al
tools into education. In the advice to students, UNSECO suggests that Al can be used to build a
favorable learning environment with the goal of promoting a learning-oriented curriculum
environment, in addition to Hardware and robotics, Software and Programming languages, most
importantly is "Tools for learning Al techniques". While the topic discussed here is related to K-12,
we note that its core message is to remind users to properly use Al tools to build a conducive learning
environment. [20]In its recommendations to teachers, UNESCO suggests that teachers can integrate
Al into teaching and training students to use Al for learning to support differentiated instruction. In
this document, curriculum objective table 4.2.4 states that teachers can transform their teaching
approach to learning design through the use of Al [21]

2.2. Comprehensive Review of Several Trend Assessment Reports

Several educational research institutions have released surveys on college students' attitudes
toward using Al tool as a learning aid. Recent reports and researches indicate that using Al for study
and homework has become increasingly commonplace. These reports and researches are focusing on
how students use Al for learning and potential concerns.

In 2019, Baker and Smith pointed out that Al can provide students with the learning they need
through personalized needs. Especially in large classes, Al can facilitate flipped learning, allowing
students to familiarize themselves with knowledge outside of class and apply these learning
outcomes in class, thereby improving their individual learning outcomes. [3] Cardona et al. note that
one way Al can be used to expand individual learning is by enabling learners to expand beyond their
individual cognition to a broader learning perspective.[5]

Sack and Little (2025) believe that Al tools can be extremely helpful in assisting individual
students in their learning. This learning approach allows students to precisely master topics of
interest and provides them with the skills they need to acquire, forming a path for using Al to
improve students' learning attitudes, engagement, and effectiveness. [31] However, we also note that
the report Student perceptions of AI2025 released by the Joint Information Systems Committee (JISC)
on May 22, 2025 mentioned that students are worried that over-reliance on Al tool to complete
academic work may lead to a decline in learning quality. They don't understand how fake
information and deepfakes are generated, and they have difficulty identifying the results, which
raises concerns about the use of information and academic integrity. They are also concerned about
whether paying for information will affect the accuracy of the generated results, and about whether
their privacy will be used by Al to predict and influence their behavior and decisions.[2] There are
many papers pointing out the negative impact that Al may have on student learning, so we will not
discuss it here.

If educational research institutions track the relationship between Al and higher education over
time, we can compare their reports and see the annual growth and changes in Al technology. This
study uses EDUCAUSE as an example: EDUCAUSE is a nonprofit association in the United States
dedicated to advancing higher education through technology. Starting in 2020, they included Al in
its reports, with this major topic discussed annually until 2025.
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In 2020, EDUCAUSE included Al in its report for the first time. The discussion included the use
of chatbots to assist students with individualized learning and cautioned against fraud in the use of
Al tools. The report considered Al tools a key technology for higher education learning.[4] By 2021,
Al was again recognized by EDCAUSE as a key technology. Given the continued advancement of
LLM, AI is expected to significantly transform learning. Therefore, the report recommends that
educators rethink fundamental issues in education, as the entry of Al into higher education
represents a potential opening of Pandora's box. The overall and long-term development of higher
education may hinge on how Al technology is used.[28] By 2022, EDUCAUSE believes Al will be
applied to learning analytics and learning assistance tools. The latter, in particular, will become more
than just a data tool, but a learning partner and assistant, based on the maturity and ubiquity of the
devices students use. Al can provide real-time feedback on students' learning, and teachers can use
it to provide students with personalized learning experiences and paths, alleviating the burden of
lesson preparation. [27]

Based on technological developments and the maturity of lesson plans integrating Al into
teaching, the 2023 EDUCAUSE report concludes that Al can provide personalized learning assistance
for students. Therefore, educators should use their knowledge of Al to help guide students' learning.
[26] In the report of 2024, EDUCAUSE argues that trends in Al technology, both positive and
negative, are already changing teaching methods and student learning in various ways. [25] Teachers
should identify the most appropriate uses of Al in their teaching practices. [25] On page 23 of the
report, EDUCAUSE cites several university examples to illustrate how different higher education
institutions are finding the most appropriate ways to use AL In the 2025 edition of the report,
EDUCAUSE warned that while Al is now widely available as a free tool, there is an unregulated gap
between user-generated content and the truth. Previously, higher education was considered the
creator of truth and knowledge, but with Al producing distrust and confusion, traditional higher
education is finding it difficult to grasp the truth.[30] EDUCAUSE has made several
recommendations, including that teachers should guide students in the responsible and ethical use
of Al, and that teaching professionals should equip themselves with a foundational understanding
of the technology. Teachers should remain open to technology and continue to apply and learn about
Al EDUCAUSE's reports over the years have shown the gradual realization of Al tools: initially, it
was merely a suggestion for integrating Al into teaching, but now it has been truly applied and
integrated into teaching.

In addition, a comparison of the numbers also reveals students’ acceptance of Al. The UK's HEPI
(Higher Education Policy Institute) published a research report in February 2024 and 2025. In the
2024 report, 53% of students surveyed used Al as an assessment and assistance tool, and nearly two-
thirds used Alin some form. The 2024 report recommended that educational institutions should teach
students how to use Al appropriately. [11] By 2025, 92% of students will use Al as a support tool, and
88% will use it for both assessment and support. These figures are significantly higher than the 2024
survey results. In the 2025 survey, "explaining concepts" was the most common way students used
Al Other reasons cited for using Al included saving time, improving work quality, and obtaining
personalized support. [10] Freeman's survey report shows that Al has become a primary learning aid
for students, a finding consistent with the observations of several reports cited here. Furthermore,
Wang and Li (2024) also note that the introduction of Al has been beneficial for student learning and
recommend that universities actively promote Al technology. They believe that a "human-computer
symbiosis" model can promote active learning and establish personalized learning paths for
students.[37]

2.3. Teachers’ Integration of Al into Classroom and Teaching

How AI can be used in the classroom to enable teachers to teach more creatively, focus more on
teaching activiti es, or even reduce the burden on teachers has long been a key topic of discussion
regarding its integration into teaching. Al as a tool, we have also noticed scholars and reports offering
suggestions. For example, Baker and Smith mentioned in 2019 that using Al technology to assist
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teaching can help teachers avoid ‘one-size-fits-all’ learning and improve the flexibility and scope of
learning assessment. [3]

Cardona et al.'s report also noted that integrating Al into teaching offers practical benefits to
teachers. When teachers use Al to assist with teaching, focusing on concept of ACE (Always Center
Educators) allows them to focus on their students. ACE includes three key components: Designing,
Selecting, and Evaluating Tools for Teaching and Learning; Preparing for and Reflecting on Teaching;
and Doing Teaching. Here, Al can demonstrate its value as a teaching aid for teachers. Al can help
teachers handle details, allowing them to focus more on student learning. It can also free learning
from time constraints, allowing teachers to provide students with the necessary learning process
through the use of Al tools. All of this allows teachers to focus more on their professional
development. [5] A report published by the UK Department for Education in 2024 noted the potential
of Al tools for education, including reducing teacher workload and promoting student autonomy
and personalized learning.[33] This personalized learning approach can guide students through Al
to learn only the knowledge they are interested in (or need for). [33]

However, guiding students to use Al tools requires designing appropriate strategies. For
example, Mollick, E. R., and Mollick, L. (2023) outline five possible approaches: using multiple
examples, providing diverse explanations, reducing the risk of tests or experiments, assessing
learning outcomes through Al, and using Al as a tool to convey key knowledge. [33] We also noted
that human-computer collaboration is a recommended approach for integrating Al into courses by
many scholars. For example, Vieriu and Petrea (2025) noted that the majority of respondents agreed
that Al can enhance learning and human-computer collaboration, and reported that the learning
experience was improved. Nearly 90% of students used Al as an auxiliary tool, providing support
for information retrieval, task management, and instant feedback. Students also supported
integrating Al into traditional teaching methods as a learning aid.[36]

Niloy et al. (2025) noted in a study that most hybrid approaches to Al and learning focus
primarily on language learning, with little research examining the broader aspects of
multidisciplinary learning. They noted that creating a hybrid teaching environment that combines
physical classroom instruction with Al-assisted tools would benefit student learning. [24] While Al
has the potential to transform education, it needs to be properly integrated into academic settings,
such as as a supplement to and enhancement of traditional classroom learning. Citing research by
Rusdiawan et al., they suggest a hybrid approach combining ChatGPT with classroom instructional
methods and recommend future researchers further investigate the potential of this approach. [24]
Their course experiments demonstrated that Al can provide autonomous learning capabilities and
deliver learning content in a broadly customized manner. For example, blended learning can improve
the learning environment and increase student satisfaction with the learning process. They suggest
that the application of Al cannot be ignored; opportunities for coexistence should be created. Reina
Marin et al. (2024) argue that the introduction of Al tools has already transformed higher education
teaching. They found that awareness of Al applications in higher education is low, and most believe
it will have a negative impact on the learning process. They recommend preparing for the potential
of Alin higher education and for a digital learning environment.[29]

2.4. Al and Sustainability

This study explores the topic of guiding students through personalized learning outside the
classroom through Al tools to acquire knowledge related to sustainable development. This differs
from the content of many reports on Al and sustainability. Regarding the relationship between Al
and sustainability, numerous assessment reports and guidelines emphasize two key aspects: (A) the
impact of Al use on environmental resources, and (B) its potential contribution or impact on
education for sustainable development.

Regarding the use of Al by teachers as a tool to assist students in learning sustainability, this is
often extended through the lens of individualized learning. We can categorize this relationship into
macro and micro perspectives: the former considers the relationship between Al and sustainability
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from the perspective of overall sustainability or higher education; the latter, from the learner's
perspective, uses Al as a tool to support sustainability learning within or outside the curriculum.

Taking a macro perspective as an example, the United Nations' 2024 report on Al, when
discussing the relationship between Al and sustainable development, uses all aspects of the SDGs as
the foundation for its discussion and argues that the use of Al will contribute to the achievement of
the SDGs. However, the UN also acknowledges that Al's contribution to sustainability is currently
unclear.[34] Hoernig et al. note that Al applications have positive benefits for higher education and
sustainable development, but they raise two concerns. One is that Al requires vast computing
resources, which could negatively impact the environment. Another is that Al requires significant
capital investment in computing equipment and technology, which could widen the gap between
educational institutions.[12] These issues are also addressed in the literature cited above. UNSECQO,
in its discussion of the relationship between student Al use and sustainability, favors using Al in a
way that avoids environmental disruption and that is consistent with the sustainable development
of humanities and society.[20] Sack and Little's research also notes that the use of Al poses societal
risks to sustainable development. Because Al requires vast amounts of electricity and resources, it
creates a significant carbon footprint. As higher education increasingly adopts Al tools, the
corresponding infrastructure and demand will increase. When schools and students use these
devices, this in turn increases the electricity and resource requirements for AL [31]

We've noticed that these reports often discuss Al and sustainable development from a macro
perspective. They affirm the close relationship between Al and sustainable development. Based on
this premise, our research lab also considers Al as a tool for users to learn about sustainable
development from a micro perspective. Farmanesh et al. (2025) mentioned in a study that the use of
Al can help students reduce learning anxiety, ultimately promoting mental health and building
quality education by enhancing Al capabilities, and contributing to the achievement of SDGs 3 and
4.19] Jasper (2024) noted that, if properly implemented, Al could accelerate progress towards the
SDGs. He cited SDGs 1, 3, 4, and 13 as examples to highlight potential Al applications.[17] AiSagri
and Sohail (2024), through bibliometric analysis, concluded that the use of Al in academia to promote
sustainable development is a growing trend. Al can provide educational institutions with scalable
and cost-effective teaching solutions, particularly by delivering personalized learning experiences at
scale, reducing the need for additional teaching resources while maintaining high-quality
education.[1]

According to a literature review, Al can serve as an appropriate teaching aid for teachers and
can help students with their learning needs, both in and outside the classroom. Teachers can also
benefit from Al support, providing greater flexibility in their teaching. Furthermore, Al is closely
related to sustainable development, impacting not only the environment, energy, and the
development of educational institutions, but also serving as a tool for students in ESD learning.

3. Research Methods and Objects

This study was based on three classes taught by the researcher. This course is a mandatory, one-
year course offered in all departments during the second or third year of university. It is a long-
standing institution, having been offered since the university's founding. The course discusses topics
related to life and philosophy, organized into ten units, guiding students to discuss the value and
direction of life. [6,15] The courses used in this study did not primarily focus on the SDGs; rather,
they incorporated discussions of the SDGs into course units or individual/group reports. The three
classes included in this study were all third-year university students. None of the students had a
science or engineering background, and their majors were primarily in the humanities and social
sciences. There are totaled 140 students in three classes.

3.1. Description of student status

This study discusses guiding students to learn the SDGs through the assistance of Al tools. Here,
we first provide a brief description of students' knowledge of the SDGs.
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Taiwan's education system considers the SDGs to be important competencies or
accomplishments. Since 2017, the Ministry of Education has been planning and promoting SDG
learning among students. However, university students' understanding of the SDGs remains limited.
In 2023-2024, Dr. Huang, one of the authors of this article, received a project grant to research how to
enhance university students' understanding of the SDGs within the curriculum. A pre-test, conducted
before SDGs instruction, among a sample of 110 sophomores and juniors revealed that only 30.9% of
students reported having studied the SDGs before entering university, and 37.2% believed they
understood the content and significance of the SDGs. [16] The research revealed that students'
understanding of the SDGs was insufficient. This was evident not only in their lack of clarity about
the SDGs' content and their literal interpretation of the text, but also in their difficulty in applying the
SDGs' goals to the required group reports. The findings from the 2024 research were reaffirmed in
the 2024-2025 course: even with the changing student demographics, there is still need for
improvement in students' understanding and application of the SDGs.

3.2. Research Design

Because the course for this study runs over the entire academic year, the researchers designed
the course to include, in addition to the ten units, students completing a research project of their own
choosing as a final report, incorporating SDGs learning into the report preparation. This school has a
long history of mandatory courses, and for nearly 15 years, all faculty have been required to adhere
to a common curriculum. All teachers who teach the class are required to teach within the common
curriculum. While the content can be determined independently by the instructor, the challenge of
covering the syllabus content within a fixed timeframe is inherent. Introducing the SDGs into the
curriculum presents challenges, particularly as students are not yet fully familiar with the SDGs.
Integrating the SDGs into the curriculum would require additional student learning: this is where
the value of Al as a supporting tool becomes apparent. The research process is illustrated below:

Question:

1.Is it possible to use Al as a learning aid for
the SDGs?

2. The impact of Al experience on learning.

Course and Assignment Design:

Respond to questions
based on analysis results

Data Analysis:
Course Structure and Assignment Design ¥

Giotlp Diseiission Blaniiink 1. Whether the report complies with the

course design

Based on the Final Report

2. Analysis of questionnaire results

1

Data collection: Report review
’ Two full semesters of courses ‘ — questionnaire collection

Review and Discussion
Each group reported _ Final report output (and the process)

Group Discussior— Guide students to use Al as a

personalized learning tool
outside of the curriculum

Figure 1. Research process.
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Taking into account students' learning backgrounds, the instructors briefly reviewed the basic
concepts of the SDGs and explained the standards for using Al in the course during the first week of
school, during the final report presentation. Throughout the semester, the instructors scheduled
regular group discussions with students to observe students' effectiveness in using Al to learn about
the SDGs. They offered guidance as appropriate through these discussions, asking students to apply
the goals and encouraging, but not forcing, the use of the second-level targets of the SDGs for more
precise mapping. This process was fully implemented throughout both semesters.

At the end of the two-semester course, the instructor conducted a final questionnaire survey.
Since the course already involved students using Al as a tool to assist with team reporting, the
questionnaire did not examine students' actual use of Al in their daily lives or studies. Instead, it
focused on how students used Al to complete reports related to the SDGs and how they used Al as a
personalized learning tool. In addition to basic personal information, the questionnaire included
three groups of questions: the first section covered personal Al usage habits; the second section
assessed attitudes, consisting of 12 multiple-choice questions, inquiring about the relationship
between Al use and learning and report completion; the third section examined students' current Al
usage status, consisting of three groups of questions to understand their current focus on Al-based
report writing; and the final section consisted of open-ended, free-to-answer questions. The
questionnaire was designed based on references to multiple research reports. For example, the HEPI
survey reports from 2024 and 2025 cited in the aforementioned literature serve as a reference. The
questionnaire also uses a five-point Likert-type scale. The questionnaire aimed to understand
students' experiences and usage of Al as a personalized learning tool in this course.

3.3. Assignment Design

The report titles for the course used in this research were decided by the students in each group
based on their own interests. The researcher, as the instructor, had limited requirements for the
reports to: (A) be related to the topics discussed in the syllabus, (B) be written in the form of an essay
using APA format, and (C) be linked to the SDGs. The connection to the SDGs is because this is one
of the most directly adopted contents in Taiwan's promotion of ESD. In 2020, teachers in Taiwan
begun to have the SDGs Education Handbook as a reference for teaching below high school level.
However, as mentioned above, the author of this article, Dr. Huang, found in his 2023-2024 research
that Taiwanese students still not enough in this area of learning.[16] Therefore, when guiding
students to learn ESD, SDGs are used as the representative and foundation of ESD.

With the group discussion of SDGs, the researchers required that reports address the goals.
Linking these to the targets was encouraged but not required, and further discussion of indicators
was not required. The report's connection to one of the goals was determined by the instructor during
group discussions with each group. Some topics may cover a wide range of goals, and the instructor
ensured that each group linked their report to at least one goal. The instructor recommended limiting
the number of goals or targets from one to three. If a group felt their report should connect to more
than the required number of goals or targets, the instructor would reward them with additional credit
if they provided justification.

During the presentation process, students were required to research the relationship between
the topic and the assigned goals or targets behind the class time, using Al as a learning aid. This was
intended to avoid the "one-size-fits-all" learning problem mentioned above by Baker and Smith
(2019): due to time constraints, instructors are limited to providing a brief overview of the SDGs
within the course unit.[3] However, the range of topics students freely generated was wide, and
individual group discussions would be time-consuming, and the content might not be appropriate
for students' research interests. Alternatively, the researchers employed the "dual teacher" model
proposed by UNSECO in 2021.[22] After the instructor provided guidance on the SDGs, the Al tool
served as a secondary teacher, advising students on their presentations. Finally, further discussions
were held in class with the instructor to confirm the appropriateness of the content.
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The incorporation of the SDGs into the final group reports differs slightly between the two
semesters. First-semester group reports are required to include the SDGs in the conclusion, and to be
a summary and preparatory step for the second-semester research. Second-semester group reports
incorporate the SDGs within the context of the report, serving as the foundation for the overall
discussion. Second-semester group reports can, but need not, be related to the first-semester reports;
students can decide whether to continue the topic based on their group discussions. Reports are
written in a similar manner to essays and must provide references in APA format. For the 2024-2025
course, the three classes will have a total of 20 groups in the first semester. Due to group
consolidation, the remaining 18 groups will be present in the second semester. Twelve of the 18
second-semester groups will continue the topics of their first-semester reports, hoping to engage in
more in-depth discussions.

3.4. Research Ethics

Only Professor Huang's classes, one of the researchers, was eligible to complete the
questionnaire. The questionnaire was administered during the final class. Completion of the
questionnaire had no bearing on student grades. Students already knew their final score at the time
of completion, so completing the questionnaire had no impact on their overall score.

All participating students were adults and were clearly informed that the contents of the
questionnaires and reports would be used in a completely anonymous research paper to be published
in English in an international academic journal outside of Taiwan. All students were also informed
that if they did not wish their opinions to be cited, they could indicate so. Conversely, if a student felt
the opinion was particularly unique and wished to have it specifically cited in the paper, they could
also indicate so. The questionnaire is completely anonymous to protect students' rights and identities.
For example, there's no need to enter department or grade. In addition to biological male and female,
the gender section also offers options for "other" and "I prefer not to disclose." Even the researchers
as a instructor were unable to determine the true identities of the respondents based on the responses
from the class. The final number of respondents was 108. Regarding gender, excluding three students
who declined to disclose their gender, the remaining group was predominantly female, likely due to
the department in which the class was taught.

4. Research Results and Discussion

The questions of this study is whether AI tools can assist students in learning sustainable
development. Furthermore, it asks whether students' experience and habits with Al influence their
use of Al for personalized learning. We will present the findings from different perspectives below:
a comparison of group reports, narrative statistics and qualitative feedback, and quantitative
analysis. We will then present research and discuss these findings.

4.1. Results of Reports

We first created a table comparing the student report topics from the two semesters with the
corresponding SDGs, allowing us to examine learning outcomes through the report outcomes. Table
1 below lists the final report topics for all groups in the three classes, along with their links to the
SDGs. There were 20 groups in the first semester, but in the second semester, due to group mergers
and other factors, the final number of groups was 18. Each column in the table represents the same
group, and the content of the reports from the same group over the two semesters is compared. The
report titles in the table were independently proposed by each group and may not necessarily
conform to the requirements for a thesis title. This is permitted by the instructor.
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Table 1. Topics of student group reports in two semesters and their corresponding SDGs content.
1st semester topic Related to SDGs 2nd semester topic Related to SDGs
The happy marriage under 51,54,55,5.A, Merged with other groups
gender equality and 5.C in the 2nd semester
Nuclear waste controversy Aboriginal hunting
7 1,11, and 15
in Orchid Island culture
*Marriage and Family: A
The Boy and the Heron 3 Critique of Hayao 3and 10
Miyazaki's Works
Environmental and Social
Justice in Urban
Development: Can the
Sociology of Fashion 12 11
Area of Wenzaizun
Become a Model of
Sustainability?
"The Power of Foreign
Eating meat and reducing Women: The Survival
13 5.4 and 10.2
carbon emissions Stories of Foreign
Spouses in Taiwan"
Education shapes the self: *The distribution of
the potential impact and 17 educational resources 45
importance of universal . and social justice in rural .
education and urban areas
Nuclear power generation 13 *Is nuclear energy green 71,72,73,7.A
issues . energy? and 7.B
Faith and the meaning of *The meaning of life and
3.4,16.1 4.7
life faith
Why are modern people 51111 *Why do modern people
increasingly reluctant to 3'4’ 13. 1’ increasingly avoid 3,513
marry? o marriage?
*The Transformation of
The impact of
Marriage: The Influence
environmental change on
X of Self-Perception, X
family and marital
Religion, and
relationships )
Environment
*The role and position of
The role of mother 5.1,10.2 1,3,4,5,8
the mother
*Legalization of
Legalization of euthanasia 3 ) 3.4
euthanasia
) _ *Euthanasia capsule
Euthanasia capsule cabin 3.8,16.3 3,16
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The Practice and Challenge
of Reducing Inequality:
Religion, Social Justice, and Social Justice: The
10.3 16.10
the Protection of Rights and Rwandan Genocide
Interests in Family and
Marriage
Youth suicide issues 3 *Youth suicide issues 3
The rights and social
Surrogate mother 3.7 integration of new 10
immigrants in Taiwan
When "Becoming a Better
) ) ] Self" Becomes a Tool of
Discussion on Juvenile
4.7,4.a Mind Control— 3.4
Social Cases
Debunking the Myths of
Spirituality Courses
) o *In-depth exploration of
Gender inequality in today's
) 5.1 gender inequality in 51,55
society .
today's society
*The Future of Marriage
Customs: The Intersection
Changing trends in modern
. 5 of Contemporary 58,12
marriage )
Marriage Values and a
Sustainable Society
Homosexuality's self- *Aboriginal "herding"
identity and family 10.2,10.4 culture under changing 11
acceptance times
Living conditions of 103 *Merged with other groups
migrant workers in Taiwan ' in the 2nd semester

*Indicates a continuation of the research topic from the previous semester.

In the table above, the areas marked with an X indicate continuity between the two semesters.
While some groups changed their research topics, most maintained a more or less consistent focus
from the previous semester. Most of these topics were relevant to students' daily lives or areas of
focus, and easily integrated with the SDGs. Due to extensive discussions between teachers and
students, students were able to provide appropriate explanations of the topics and report content in
relation to the SDGs.

Regarding the relevance of the topic to the SDGs, one group, despite understanding the
instructor's instructions, failed to connect their report to the SDGs. This group received a B- in their
final report. Four groups remained confined to discussing goals in both semesters. Four groups
discussed both goals and targets in the first semester, but only goals in the second. These four groups
were either merged or had a second-semester topic that continued from the first semester but
expanded in scope, requiring more extensive explanation. For the most of groups, discussing goals
in the first semester shifted to discussing targets in the second semester, or the number of discussions
became more extensive.
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An analysis of the group report topics revealed that of the 17 SDGs, goals 3, 4, and 5 were
mentioned the most frequently, while goals 6, 8, 9, 14, and 17 were not mentioned at all. This
distribution may be related not only to the topic selection but also to the students' living
environments. For example, regarding SDG 14, although Taiwan is surrounded by the ocean, Hou
(2023) noted in a research report that Taiwanese citizens obtain public information on the ocean
primarily through online media and have little knowledge of the content of ocean policies. Since their
lives have no real connection to the ocean, this SDG goal was overlooked.[13]

We also noticed that students weren't focusing on the relationship between Al and sustainability
from both a macro and micro perspective. When teachers guided them in using Al tools to study the
SDGs in group work, students focused on how to use the tools to complete reports and what
knowledge they would gain. The relationship between Al and sustainability discussed in Section 2.4
above was not within their focus.

4.2. Observing Student Responses from Narrative Statistics

Based on the student responses, the study presents the following analysis:

4.2.1. Number of Al Tools Used and Payment Habits

In the usage habits, given that students may not be limited to using just one Al tool, the
questionnaire was designed to allow students to select multiple choices. Of the 108 students, 54
indicated that they only used one Al tool, with two single users using Gemini and Grok, and the
other 52 using ChatGPT. Other types of Al such as Co-Pilot or DeepSeek, were not used
independently in this survey. Of those using two or more tools, 41 used two (37.9%), 11 used three
(10.2%), and only two used four. In the tool usage, a total of nine different AI tools appeared in this
survey. ChatGPT was the most commonly used Al tool in this study, appearing 106 times. In addition
to ChatGPT, other mainstream Al tools, including Gemini, Microsoft Co-Pilot, and DeepSeek, were
also used by many students. In addition to these four most mainstream tools, Grok, Claude, felo,
NotebookLM and Perplexity were also cited by at least one person as their primary tools.

Among students who used two Al tools, their tool combination was "ChatGPT + another Al
tool." The most common combination was ChatGPT + Gemini. Among students who used three Al
tools, the most common combination was "ChatGPT + Gemini + Microsoft Co-Pilot." The two students
who used four tools used "ChatGPT + Gemini + Co-Pilot + Felo" and "ChatGPT + Gemini + Claude +
Deepseek". This combination reflects the prevalence of ChatGPT and Gemini in student usage habits.
Furthermore, the data also suggests a desire or trend among students to integrate multiple tools for
personalized Al learning. However, further analysis is needed to determine whether students' Al
usage habits are related to brand adherence.

This study also analyzed which devices students use Al on, using a multiple-choice question:
mobile phone, tablet, laptop, and desktop computer. 27.8% of students used Al tools on only one
device, with the largest percentage using laptops and mobile phones. Among students who used Al
on two devices, the vast majority (71.7%) used a "laptop + mobile phone" model. This usage pattern
is likely closely related to students' personal experience, as mobile phones are extremely convenient,
while laptops can provide practical tool needs. Among students who used Al on three devices, the
vast majority (87%) used a "laptop + mobile phone + tablet" model. The data indicates that using Al
on at least two devices is the mainstream approach. This is not only due to the convenience of these
devices and Taiwan's highly developed internet environment, but may also be driven by students'
desire to maximize efficiency by switching between devices in different situations. The lowest
number and percentage of students used Al on desktop computers, possibly due to students'
expectations for mobility and convenience.

In terms of whether or not students paid for Al 21 out of 108 students paid for using, accounting
for approximately 19.4% of the total. According to a survey conducted by the Taiwan Market
Intelligence & Consulting Institute in Q4 2024, the proportion of students who paid for Al on their
own was approximately 17%, making the two figures similar. [19]
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4.2.2. Aspects of Using Al Tools to Learn Sustainable Development-Related Knowledge

The objective of this study is to investigate whether students' use of Al tools is helpful in learning
about sustainable development. Based on the students' responses, we calculated the number of
students who responded strongly (5) and agreed (4 points). 87% of students would use Al tools to
learn about sustainable development and read the content and knowledge about SDGs provided by
Al 82.4% of students believed that AI tools could help them gain a deeper understanding of
sustainable development. The results show that most students believe that the use of Al tools is
helpful in their learning about sustainable development. Considering that students prepared reports
in groups, it is possible that some students did not actually learn about sustainable development or
prepare reports.

To confirm whether students' use of Al for sustainable development learning is consistent with
their regular study habits, the study also asked students about their Al usage habits. 93.5% of students
already use Al as a learning aid, and 90.7% believe that using Al helps them manage their time better.
Importantly, 83.3% of students already use Al to assist with course assignments or reports, and 85.2%
use Al tools to assist with writing assignments related to the Sustainable Development Goals. These
numbers are significant; the majority of those who strongly agree and agree mentioned in the
previous paragraph also scored between 4 and 5 points here.

While students believe that using Al tools can help them learn about sustainability, transitioning
from knowledge and reporting to real-life practice is difficult. The number of students willing to try
to put sustainability into practice in their lives has dropped to 78%.

4.2.3. Narrative Statistics on Learning for Sustainable Development

The questionnaire included four questions directly related to applying Al to sustainable
development learning. The five-point scales for "Using Al to assist with homework writing" and
"Reading SDG materials provided by AI" scored 4.130 and 4.120, respectively. Students also believed
that Al could help them gain a deeper understanding of the SDGs and their content. These data echo
the questions in the second half of the questionnaire. 87% of students expressed a positive response
to the question "I would use generative Al to assist with my report writing: Using Al to explain or
describe content related to the SDGs." However, we noted that translating Al-acquired knowledge
into practical application in real life is not easy, just as we said above, with a mean of only 3.898 and
a standard deviation of 0.8531. This suggests that students' understanding of sustainable
development remains largely at the knowledge level and requires motivation to put what they have
learned into practice. See Table 2 for relevant information.

Table 2. Students’ attitudes towards using Al for sustainable development learning.

Item N M SD

I would use AI tools to assist me with my assignments related to the
108 4.130 0.7623
Sustainable Development Goals.

I'would carefully read the Sustainable Development Goals materials provided
108 4.120 0.7577
by generative AL

I would try to practice the content about the Sustainable Development Goals
108 3.898 0.8531
provided by generative Al in my daily life.

Al can help me gain a deeper understanding of the Sustainable Development
108 4.009 0.7673
Goals and their content.

4.2.4. Qualitative Answers
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The study included an open-ended section at the end of the questionnaire to understand whether
students had any thoughts or attitudes about Al. Excluding those who expressed no opinion (e.g.,
"No") or overly simplistic answers (e.g., "Al is really stupid"), the study received feedback from eight
students. Table 3 shows these eight responses:

Table 3. Qualitative feedback list.

Attitude Feedback text content

‘My thinking is quite diffuse, so organizing information into

coherent forms can be challenging. Generative Al can help me

Positive Attitude address this shortcoming.
-Sometimes, I feel like the entire thing was written by Al, but it still

contains my own thoughts.

Chatgpt isn't suitable for searching, only for polishing and
boosting confidence.

‘I'm sometimes afraid to use it, fearing it will limit my thinking.

It saves learning costs, but the benefits aren't great, as the

introduction can easily become misleading. If the user lacks
Negative or discernment, they'll be led astray.

Reserved Attitude , .
‘It's more complete, but it can also make people lazy.

-You need to practice communicating with the Al, and the prompts
must be complete.
-Al can only be used as a supplementary tool, somewhat helpful for

finding information, but it's still very rigid in terms of the content

of the article.

We noted that of the eight responses, only two expressed a positive and proactive
understanding, believing that Alis indeed helpful for learning. The other six responses were negative
or reserved. These reservations included skepticism about Al's capabilities and personal expectations
regarding its use (e.g., concerns about laziness or the requirement to "complete prompts"). This
negative attitude echoes the proportion of responses to the "Possible Concerns About Using A"
section in the second half of the questionnaire. For example, 70% of students expressed concern that
"the answers generated by the generative Al are problematic but I won't be able to tell," and 69%
expressed concern about not being able to tell if the Al has plagiarized answers.

4.3. Sources of Differences in Attitudes, Usage Experience, and Ongoing Learning Behavior Towards
Generative Al Tools

Regarding attitudes, usage experience, and ongoing learning behavior towards generative Al
tools, there were no significant differences based on gender or the number of Al tools used. However,
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regarding students' personal usage habits, it was found that "whether or not they paid for generative
Al tools" and "number of devices used" contributed to significant differences in Al learning behavior.

4.3.1. Analysis of Payment

Table 4 below shows that while the average scores for both the paid and non-paid groups are
generally above 4, the paid group's average scores are significantly higher than the non-paid group
in all aspects. This suggests that the decision to pay or not makes a statistically significant difference
in user learning behavior. For related data, please refer to Table 4.

Table 4. Analysis of differences in attitudes, usage, and ongoing learning behaviors toward generative Al tools

by payment type.
. Paid or Mean
Questions (Standard T-Score
Not ..
Deviation)
Unpaid 4.276
(87) (.710)
I already use generative Al as a learning aid. Paid -3.986™
21) 4.762
(:436)
Unpaid 4.276
(87) (.772)
I think generative Al can help me save time learning Paid -3.850™
21) 4.762
(:436)
Unpaid 4.253
. . . C . (87) (.766)
After the Al generates the article, I will review and polish it to make it Paid 3.545"
more in line with my personal writing style. 1) 4.714 ’
(:463)
Unpaid 4.046
. . (87) (.791)
I would carefully read the Sustainable Development Goals materials Paid 2110°
provided by generative Al 1) 4.429 ’
(:507)
Unpaid 3.816
. . (87) (.856)
I'would try to practice the content about the Sustainable Development Paid 2,065
Goals pro-vided by generative Al in my daily life. 1) 4.238 ’
(.768)
Unpaid 4471
(87) (.607)
Al would provide the content I need for my report. Paid -2.520
21) 4.762
(:436)
Unpaid 4.172
(87) (.838)
More to learn. l:;;l 4571 -2.056
(:598)
Ur(g;a)ld ?;7419) 1977
Use generative Al to help generate report content Paid 4504
(21 (.814)

Note: *p<.05; **p<.01; **p<.001.

As shown in Table 4, in terms of learning behavior, those who paid reported saving more time,
learning more, and obtaining more content needed for their reports than those who did not. Payers
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were also more meticulous in their use of Al than those who did not pay (for example, users would
review and polish the text to enhance their personal writing style). The most striking response was
for the question, " I would try to practice the content about the Sustain-able Development Goals pro-
vided by generative Al in my daily life." The average score for the non-paying group was only 3.816,
while the paying group had a score of 4.238.

Overall, students who paid for Al tools were more positive about their learning assistance. This
may be due to the fact that paid versions offer a more robust or complete personal experience. We've
noted in some online reports that differences in Al usage between paid and unpaid versions include
functionality, computational models, data upload space, and conversation window length. [38] This
suggests that students using paid Al tools receive more comprehensive and comprehensive
information on sustainable development than those using unpaid versions, resulting in better
learning outcomes.

From another perspective, this analysis could be a continuation of the digital divide. The
disparity in resources accessed through paid and unpaid Al applications could lead to disparities in
learning outcomes in the future. Even if students all use Al tools for personalized learning, this could
still lead to disparities in learning outcomes. For example, Attewell (2025) mentioned students'
concerns about whether to pay for learning.[2] Similar warnings are also found in the aforementioned
literature. For example, the Cardona team mentioned the importance of focusing on the long-tail
effect of learner differences. They noted that students have diverse learning styles, and researchers
should be aware of both the potential and challenges of Al in addressing these situations. Although
the Cardona team did not discuss the issue of paid access, their observations remind us that
personalized learning may differ depending on students' usage status and experience.[5] Pelletier et
al. clearly mentioned that economic disparities may lead to disparities in usage. They emphasize the
importance of protecting the rights of students from lower socioeconomic backgrounds to use Al,
emphasizing the importance of ensuring equal access to equipment and technology for all
students.[26] This phenomenon is also reflected in the 2024 and 2025 HEPI reports. Both reports note
that family financial considerations and the price of Al influence students' willingness to use it.[9,10]

4.3.2. Analysis of the Number of Devices Used

The study also compared the number of devices used. Students who were willing or able to use
more devices performed better in sustainable development learning. Students who used Al on only
one device performed significantly worse than those who used it on three or more devices. See Table
5 for a comparison of the number of devices used and students' Al habits.

Table 5. Analysis of Differences in Attitudes, Usage, and Sustained Learning Behavior for Al Tools by Number

of Devices.
. Mean
Questiones Number of devices (Standard F-value
used .
Deviation)
One device 3.833
(30) (.949)
I already use generative Al to help Two devices 4.283 4.039
me complete assignments or (53) (.744) Two. Three (or more)
reports required by my courses. Three (or more) 4.360 >One
devices (25) (.638)
One device 3.500
(30) (1.042)
I will actively search for and learn Two devices 3.925 4593
techniques and skills to use (53) (.874) Three (01: more)>One
generative Al Three (or more) 4.240
devices (25) (.831)
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One device 4.033
. . (30) (.809)
After Al produces the article, I will Two devices 4453

review and polish it so that the text 3.850°

- . (53) (.667)

can be more in line with my Three (or more) 44, 1$80 Two>One
personal writing style. devices (25) (714)
One device 3.167
I'm worried about not (30) . (1.206)

. . Two devices 3.396 .
understanding the techniques or 53 1149 3.980
instructions when using generative (53) (1.149) Three (or more)>One
Al to complete reports. Three (or more) 4.000

devices (25) (.957)

Note:"p<.05;"p<.01;""p<.001.

Students who can use Al on multiple devices have higher requirements for writing
sustainability-related reports and are therefore willing to learn different techniques and instructions.
Students who can give better instructions can obtain more complete or customized information when
writing sustainability-related reports. This applies not only to the acquisition of sustainability-related
information related to this study, but also to the acquisition of information for many different
reporting areas. However, the number of devices used also reveals students' anxiety about accessing
information. This anxiety is mentioned in the aforementioned HEPI 2025 report, which states that
students worry that their understanding of AI will never keep pace with the pace of Al
development.[10]

5. Conclusions

Based on the above research, we can confirm that the use of Al tools as learning aids can be
helpful for students in their sustainable development studies, as evidenced by student responses.
However, we also observed that students' Al usage habits influence their learning of sustainable
development through Al, particularly whether they pay for it and the types of devices they use. One
possible explanation is that, because Al tools are already widely available, when teachers guide
students to use Al for personalized learning, students are highly receptive and quickly adapt to this
learning approach. However, when students actually learn, their individual usage habits influence
their learning, leading to the findings in our data analysis. Students' usage behavior has an impact
on learning outcomes. This can be linked to discussions about Al literacy, while also highlighting the
potential digital divide in learning caused by the conditions under which Al is used. Further and
more in-depth research is needed in this area to understand how students' experience and habits
influence their learning through AL

This paper's contribution lies in applying the extensive academic research on the use of Al as a
personalized learning aid for students to the study of ESD, and in validating the impact of student
usage habits. By guiding students to use Al to learn ESD, the perspectives on using Al tools as
learning aids, as proposed in several previously mentioned documents, were proven. As instructors,
when it is difficult to allocate classroom time to guide students in sustainable development-related
knowledge due to the school curriculum and the common curriculum, researchers can guide students
in learning through Al outside the classroom. By integrating Al with final reports and engaging with
students during group discussions, students' understanding of sustainable development-related
knowledge can be enhanced.

For students, using Al as a personalized learning tool for sustainability can be a significant aid.
As sustainability becomes a widespread global trend, students face the challenge of learning a vast
and comprehensive framework while also considering how to apply this knowledge to their reports.
This can be challenging if students lack a solid foundation. However, Al can provide them with
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relevant sustainability information and, through personalized learning, help them apply this
knowledge to their team reports.

While research suggests that Al can be used as a personalized learning tool for students, the
results also suggest that this type of learning has potential for continuous improvement. When
students use Al to learn about sustainability, they often fail to address the macro and micro
relationships between Al and sustainability, as discussed in Section 2.4. While Al certainly brings
convenience, it remains unclear whether students are engaging with sustainability knowledge
critically or thoughtfully.

Research also shows that while students acquire the necessary knowledge about sustainable
development, there's a gap when it comes to translating this knowledge into real-life practice.
However, as we know, the United Nations emphasizes its implementation in promoting sustainable
development, including Al-related literacy or competencies such as values, attitudes, and
behaviors.[32] The work by Valentini and Blancas (2025), cited at the beginning of our paper, also
supports this emphasis on literacy and cognitive abilities.[35] Therefore, while using Al as an
auxiliary tool is helpful for student learning, how to guide students to apply this knowledge in their
daily lives will be a topic worthy of further research and discussion.
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