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Abstract

In the realm of water resources education, harnessing the power of artificial intelligence offers
a promising avenue to enhance classroom instruction and practical learning experiences. So
artificial intelligence tools can contextualize students. Artificial intelligence (Al) as a field has
been developing over the course of these last decades, but in the past few years has taken more
importance in the field of higher education, specifically in careers such as Civil Engineering.
As a result, the purpose of this study is to explore the development of critical thinking in Water
Resources students by using artificial intelligence programs. Platforms such as ChatGPT can
assist students in interpreting given information, such as waterway sizing, water supply and
environmental laws to facilitate the learning process. Civil engineering students from the
Universidad San Francisco de Quito USFQ who are focused on Water Resources studies were
surveyed. They were asked to use Al programs as a tool to be prepared and have background
information before class, and data was collected to identify whether their performance had
improved after using these programs.

INTRODUCTION

Today the use of artificial intelligence is becoming more common both for tasks related to
electronics or telecommunications and for new areas such as education [1,2]. Tools like
ChatGPT have gone from being niche to having broader use [3,4]. It is becoming increasingly
common to interact with products that appear "intelligent", although the label "artificial
intelligence" may have been replaced by other euphemisms [5,6]. Since November 2022, with
the emergence of the ChatGPT tool, there has been an exponential increase in the use of
artificial intelligence across all domains. Although ChatGPT is just one of many generative Al
technologies, its impact on teaching and learning processes has been notable [7]. Today this
tool is no longer exclusive to people who are in the world of programming or related to these
fines and now it is given to them as much as in part of medicine, research, manufacturing and
security and education, as in this case, the focus of this document [8].

However, knowing that Al can work faster than humans and cover skills almost as well
as humans do, there is a blind spot for Al now of creating ideas and critical thinking. Machines
cannot use to emulate themselves, so human interaction is still need and robots will not replace
us as most people fear[9]. For the use of ChatGPT, normally it would be needed first to give
it the context and the subject, then based on the questions it gets asked it will develop an answer
for every possible outcome. That is why human criteria have an important place in it, and asking
specific questions might help the bot create better responses to any question it gets asked, but
it cannot improve on its own.



Artificial Intelligence (Al) integration in education is becoming more and more
important in a world that is becoming more and more digital. This work in progress focuses on
the ways that generative Al—like ChatGPT—can enhance critical thinking in the context of
teaching water resources.

Based on critical thinking questions and reformulating them, the research was
conducted at Universidad San Francisco de Quito, to its Civil Engineering student that take
Water Resources related class. We will look at how students' perceptions have changed [10—
12], how their learning experiences have improved, and how improved academic outcomes
have resulted from the use of ChatGPT in the classroom. Furthermore, we'll look at how this
technology has influenced students' viewpoints on the matter and ascertain their preferences
and recommendations for the incorporation of Al into their education going forward [13,14].
This research project aims to evaluate how students view the use of Al in their education on
water resources and to ascertain how students view the use of Al in their studies, especially
when it comes to water resources; and to enhance the educational experience with a particular
emphasis on how Al may efficiently support the learning process.

BACKGROUND

Critical thinking is a crucial skill that individuals should cultivate from an early age [15]. This
skill is multifaceted, encompassing various abilities and knowledge that require time and effort
to master [16]. The key components of critical thinking include interpretation, analysis,
inference, evaluation, explanation, and self-regulation [17].

Interpretation in critical thinking refers to understanding and making sense of
information or texts. It involves identifying the purpose, context, viewpoints, implications, and
possible multiple interpretations [18,19]. Analysis involves breaking information down into its
fundamental parts, examining the key elements and components, and understanding how they
are related to each other [20,21]. This involves the ability to identify patterns, connections,
underlying assumptions, and implicit assumptions. Inference in critical thinking refers to
drawing logical and reasonable conclusions based on the available evidence. It involves using
reasoning in a particular way towards the general, and deductive reasoning that goes from the
general to the particular to reach well-founded conclusions [22,23].

Evaluation aims assessing the quality, relevance, and reliability of the information,
arguments, or sources provided. It involves critically examining the arguments presented and
the methods used to support the assertions or conclusions offered [18,24]. Explanation
encompasses the ability to clearly communicate and articulate thoughts, ideas, and arguments
in a way that is coherent and understandable to others. This includes the ability to provide
reasons and evidence to support claims made [25]. Self-regulation in critical thinking includes
the ability to critically reflect on one's own thinking and assess its logic, coherence, biases, or
weaknesses. It implies being aware of personal limitations and prejudices and being open to
reconsider or modify one's own beliefs or points of view based on new evidence or
arguments [26,27] .

For critical thinking a person must be related to certain values for this process, such as
(1) autonomy, which is being able to control the process of reasoning and mental analysis; (ii)
humility, which is being able to know the limits and the scope of the knowledge that one has;
(ii1) trust in reason: refer to the fact that this knowledge will benefit society [28]; (iv) fortitude,



which is having the ability to detach from stereotypes and beliefs, for the purpose of accepting
the truth based on knowledge, regardless of whether it is contrary to what we know or think
we know, (v) empathy, which is being able to put yourself in someone else's shoes and
understand their position to inform; (vi) integrity, which is being honest in recognizing how
much intellectual standards are lacking within knowledge, (vii) impartiality, which is being
able to put emotions aside to be able to participate in knowledge even if this information is
against us; and, (viii) perseverance, which is being able to face the difficulties of knowledge
and not stop inquiring to reach the goal [29-31] .

The learning activities described in this study are specifically designed to support
students' development as critical thinkers. This project attempts to actively engage students in
the process of interpretation, analysis, inference, evaluation, explanation, and self-regulation
by incorporating interactive exercises, problem-solving scenarios, and group discussions
[32,33]. In addition, each project is designed to help students apply critical thinking to real-
world situations related to water resources classes in accordance with the following objectives:
Examine how students view the inclusion of Al: students consider how Al, such as ChatGPT,
can help students. learn about water by developing their analytical and interpretive skills
through interactive exercises and discussions.

Also, to improve educational process through collaborative discussion and real-world
problem solving are used to improve understanding and application of fluid concepts [34,35].
To Improve learning outcomes such as analytical and thinking skills are enhanced by providing
opportunities for students to assess reliability and draw logical conclusions, such as through
research projects and case studies [36,37].

METHODOLOGY

This exploratory study encompasses the results of using ChatGPT as a tool to aid critical
thinking in water engineering students. The instrument was a survey developed by researchers
and validated by experts [38,39]. An anonymous survey was distributed to the students during
Spring 2022 to civil engineering in their 5%, 6! and 8™ semester who took Fluid Mechanics
(n=18), Hydraulics (n=16) and Sanitary Engineering (n=20) respectively. At the beginning of
each course students were asked to use ChatGPT for specific assignments like watching videos
to contextualize students about a topic and then formulate questions to the bot so they get
critical thoughts based on the subject. At the end of the semester, we established questions to
measure students” perception regarding the activity effectiveness, how easy was to use the tool,
how they think we can improve or expand its use and if they liked it. Surveys were distributed
online and data was imported using Excel. The responses were categorized by cluster through
thematic analysis [40] and the organized by themes.

Results

The results are presented below, based on the previously outlined survey methodology. Data
collection involved multiple-choice questions and responses to open-ended questions at the
conclusion of the sanitary engineering, fluid mechanics, and hydraulic engineering course.
Participants shared their insights and feedback, providing a more comprehensive understanding
of their educational experience. Analysis of multiple-choice responses revealed identifiable
patterns in areas of higher and lower satisfaction, while responses to open-ended questions



offered qualitative insights into specific challenges and suggestions for improvements. These
findings serve as a foundation for assessing the effectiveness of the course and offer
opportunities to enhance the educational quality in the engineering fields mentioned. The
results in percentage for all the courses showed the following:

Deseripton  |Ne |Ye
1. Before the ICV - 4002 course, had you heard of ChatGPT? 58.30% |41.70%
2. Before the ICV - 4002 course, had you used ChatGPT? 75.00% | 25.00%

3. During the ICV - 4002
course, did you use ChatGPT | 16.70% |- 16.70% 41.70% | 25%
to summarize the videos?

4. During the ICV - 4002
course, did you use ChatGPT | 8.30% |8.30% 8.30% 16.70% | 58.30%
for the video reflections?

5. During the ICV-4002
course, did you use ChatGPT
to ask questions about the|0.00%
topics presented in the
assignments?

83.30% 16.70% | 0.00%

In accordance with the methodology employed for the multiple-choice survey, five
inquiries were posed to ascertain the prior knowledge of the utilization of ChatGPT in the
respondents' water resources course. In the initial assessment, it was revealed that more than
half of the participants were unfamiliar with ChatGPT before enrolling in the water resources
course. Merely 41.7% had awareness of ChatGPT, and only 25% of the class had engaged with
ChatGPT prior to the commencement of the course.

After gaining familiarity with ChatGPT, students began employing the tool to
summarize instructional videos utilized in the course. This observation manifested in 83% of
the students utilizing ChatGPT at least once for video summarization, with 25% utilizing
ChatGPT for summarizing all videos. Furthermore, a notable 91.7% of students utilized
ChatGPT for reflective exercises after viewing instructional videos, and the entirety of the
participants, amounting to 100%, employed artificial intelligence to respond to queries related
to the course project.

Close-Ended Questions

How did you find the use or application of ChatGPT in the ICV - 4002 course?

Innovative 91%
Tedious 9%

How could the use or application of ChatGPT in the ICV - 4002 course be improved?




Should no longer be used (unreliable
source). 25%
Participation 8%
[nvestigation 67%

How did you like the Youtube videos presented in the ICV - 4002 course?

Interesting 92%

Lengthy and tedious 8%

How could the use of YouTube videos in the ICV - 4002 course be improved?

Activities and participations 50%
Forums 17%
Reducing the number of abstracts 33%

Any suggestions or criticisms regarding the use and application of GPT Chat and/or
'YouTube videos related to the ICV - 4002 course?

None 90%
Use more ChatGPT as a complement to
videos 10%

In the responses provided by the participants, patterns in word choice were identified
in answering the open-ended questions. Specifically, in question number six, it was highlighted
that 91% of respondents found the use of ChatGPT innovative in the context of water resources
classes, while 9% perceived it as tedious. This high percentage showing a similar opinion
supports the general preference for the use of ChatGPT in activities related to water resources
courses. In exploring how ChatGPT could be employed to enhance water resources classes, it
was observed that 67% of the respondents suggested the application of artificial intelligence
(Al) to conduct more research activities. Eight percent suggested its use in participatory
activities, and 25% considered that its current use was adequate to optimize summaries and
reflections on the audiovisual material used in class.

Regarding the perception of the audiovisual material provided through platforms such
as YouTube, students were consulted about their experience with the videos presented in class.
In this regard, 92% agreed that the videos were interesting, while only 8% expressed that they
were long and tedious. Additionally, inquiries were made about possible improvements in the
use of YouTube in the water resources course, and the responses varied: half of the respondents
suggested its greater use in activities related to visual content, 17% advocated forum
discussions after watching the videos, and 33% thought that the number of summaries should
be reduced. Finally, 90% of the participants mentioned that they would not make any
suggestions or criticisms regarding the use and application of ChatGPT and/or YouTube videos
related to the course.

Additionally, it was noted that many students expressed appreciation for the opportunity
to provide feedback on the overall course experience. This suggests an active interest in



improving the quality of teaching and learning in the context of water resources. The diversity
of opinions reflects a variety of perspectives on how the use of technologies such as ChatGPT
and YouTube can be optimized to enrich the educational experience.

DISCUSSION

The findings were consistent with the predetermined expectations outlined by the

objectives. One of the primary aims was to gauge students' perceptions regarding the
integration of new technologies, such as Artificial Intelligence (Al), into their daily academic
responsibilities, with a focus on optimizing the learning experience in technical subjects. The
discernment of student perceptions was facilitated through the analysis of their responses.
The utilization of innovative digital platforms and tools, such as artificial intelligence, has been
shown to enhance learning outcomes in disciplines related to water resources by streamlining
the assimilation of information. Artificial intelligence enables concise responses to queries that
would otherwise necessitate extensive exploration for an answer [41].

The feedback from students who participated in the study highlights that the inclusion
of ChatGPT during instructional hours has significantly contributed to enhancing their
comprehension, resulting in noticeable improvements in their learning outcomes.
Consequently, it is plausible to assert that artificial intelligence has enriched the educational
experience in water resources classes. The incorporation of social media platforms in civil
engineering assignments has the potential to reshape students' perspectives on the complexity
of the subject matter.

The responses obtained underscore students' inclination towards engaging in more
activities facilitated by artificial intelligence, such as participation in forums and utilization in
research endeavors. Thus, this initiative contributes to the cultivation of novel ideas and
concepts, thereby enhancing students' comprehension.

It is imperative to acknowledge that while language models like ChatGPT serve as
potent tools for text generation and dissemination of general information, they are not tailored
for accessing reliable sources or verifying the accuracy of information [42]. Consequently,
caution must be exercised when relying solely on such models for research purposes. Language
models derive responses from patterns ingrained within pre-existing datasets, lacking the
capacity to authenticate the veracity of the information or distinguish between credible and
unreliable sources [43]. Despite drawing upon diverse sources, including web pages, articles,
and online forums, the reliability and accuracy of the information generated may vary
significantly [42,43].

CONCLUSION

In analyzing the responses provided by participants, distinct patterns in word choice
emerged, particularly evident in the feedback concerning the integration of ChatGPT in water
resources classes. Notably, 91% of respondents perceived ChatGPT as innovative, while a
minority, constituting 9%, found it tedious. This overwhelming consensus reflects a clear
preference for the utilization of ChatGPT in activities associated with water resources courses.
Moreover, the survey highlighted the students' suggestions for optimizing the use of artificial
intelligence (Al) in their academic endeavors. Approximately 67% advocated for employing
Al in research activities, while 8% proposed its integration into participatory engagements, and



25% deemed its current usage adequate for enhancing summaries and reflections on course
material.

The findings underscore a robust interest among students in leveraging technological
advancements to enrich their educational experience in water resources. Notably, the majority
expressed satisfaction with the audiovisual materials presented in class, signaling a positive
reception towards innovative teaching methods. Additionally, the students' diverse
recommendations for enhancing the utilization of platforms such as YouTube and ChatGPT
underscore their active engagement in improving the quality of teaching and learning. This
collective effort towards innovation signifies a promising trajectory towards harnessing
technology to foster deeper comprehension and engagement within the realm of water
resources education. As the present work is a work in progress, it is important to note that a
future analysis will be conducted to quantitatively compare the mean grades of students who
used Al in their water resources classes versus those who did not. This comparison is intended
to realistically denote whether the use of Al influences the improvement of water resource
classes, thus visualizing whether the use of Al allows for a better overall understanding of the
subject.
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