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1. Introduction

In the 21st-century context, critical thinking (CT) has become a fundamental skill, particularly crucial for students in the Natural
Sciences. The ability to analyze logically, evaluate evidence, test hypotheses, and solve complex problems is not only a core
requirement in disciplines like Mathematics and Physics but also the main driver for scientific innovation and creativity. Parallel
to the increasing demand for a high-quality workforce, the powerful rise of Artificial Intelligence (Al), especially large language
models like ChatGPT, is creating a profound revolution in the higher education environment. Al opens up unprecedented
opportunities, providing powerful tools for simulating experiments, analyzing data, and brainstorming ideas. However, it also
presents significant challenges, including the risk of plagiarism, over-reliance on technology, and the potential erosion of
students' independent thinking abilities.
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In Vietnam, traditional teaching methods, which often focus
on knowledge transmission, may be insufficient to equip
students with the necessary CT skills to meet the demands of
the new era. This context becomes even more urgent as Al
tools become increasingly popular and accessible. Although
there has been much research worldwide on the relationship
between Al and education, there remains a gap in empirical
studies describing the situation in the specific context of
Vietnam, especially at pedagogical universities like Thai
Nguyen University of Education, which train the future
generation of teachers. Understanding how students perceive
CT and actually use Al is a foundational first step toward
proposing suitable pedagogical solutions for the future.
Stemming from these issues, this study was conducted to
provide a comprehensive picture of the relationship between
CT and Al usage among Natural Science students.
Specifically, the research focuses on the following main
objectives:

1. To survey the current state of students' perception of the
importance of CT and their self-assessed competency
level.

2. To describe the current usage of Al tools in learning by
students, including frequency and specific purposes.

3. Toexamine the relationship between the frequency of Al
use and students' self-assessed CT competency.

To achieve these objectives, the study will focus on

answering the following questions:

1. Are there any differences in the above aspects between
students from the Faculty of Mathematics and the
Faculty of Physics?

2. Isthere any correlation between the frequency of Al use
and the students' self-assessed level of critical thinking
competency?

3. To what extent do Natural Science students perceive the
importance of and self-assess their critical thinking
competency?

4.  With what frequency alnd for what main purposes are
students using Al tools in their learning?

2. Literature Review

Critical thinking (CT) is widely recognized as one of the core
objectives of higher education. Conceptually, CT is defined
as "reasonable and reflective thinking that is focused on
deciding what to believe or do" (Ennis, 1987, 2018) [12 131,
Expanding on this, in the Delphi report identified a set of core
cognitive skills of CT, including interpretation, analysis,
inference, evaluation, explanation, and self-regulation
(Abrami et al., 2015; Fletcher & Marchildon, 2014) I 191, For
the field of Natural Sciences, CT is not just a desirable skill
but the very essence of the scientific method. It is manifested
through constructing tight logical arguments, designing
experiments to test hypotheses, assessing the validity of data
and evidence, and distinguishing between correlation and
causation (Aizikovitsh-Udi et al., 2014; Bailin & Siegel,
2003) 2 61, Therefore, equipping Math and Physics students
with strong CT competency is a prerequisite for them to
effectively participate in scientific activities and lifelong
learning.

To foster CT, educators have shifted from passive teaching
models to active pedagogical methods that place learners at
the center of the knowledge construction process. Among
these, Problem-Based Learning (PBL) and Project-Based
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Learning (PjBL) have proven particularly effective. PBL
requires students to work in groups to solve a complex, ill-
structured problem, thereby prompting them to seek, analyze,
and evaluate information in depth (Du et al., 2022; LaForce
et al., 2017) [0 17 Similarly, PjBL creates an authentic
learning environment where students undertake a long-term
project to create a specific product or solution, requiring a
combination of theoretical knowledge and practical skills,
thereby training their ability to plan, solve problems, and
think critically (Bezanilla et al., 2019; Costa et al., 2020) [*
%, These methods create contexts for students not only to
acquire knowledge but also to apply, analyze, and evaluate it
actively.

The development of Artificial Intelligence (Al) and
generative Al tools like ChatGPT is profoundly reshaping the
educational landscape, posing both opportunities and
challenges for the development of CT. On the positive side,
Al can act as a powerful learning assistant, helping students
quickly access information, brainstorm ideas, check for
logical fallacies, and even simulate complex scenarios
(Alsaleh, 2020) . Al tools can personalize learning paths
and provide instant feedback, freeing up instructors' time to
focus on higher-order thinking activities (Exintaris et al.,
2023) . However, the challenges are by no means small.
Over-reliance on Al can lead to "cognitive laziness,"
diminishing students' independent thinking and problem-
solving skills (Duran & Dokme, 2016) [*4. Furthermore, Al
can generate convincingly flawed information, requiring
users to have strong CT skills to verify and assess its
authenticity (Asensio-Cuesta et al., 2022; Chaves & Gerosa,
2021) 58 Therefore, instead of viewing Al as a substitute for
human thinking, a proper pedagogical approach is needed to
turn it into a supplementary tool that helps enhance and
expand cognitive abilities (Al-Fadhli, 2008; Exintaris et al.,
2023) 3241,

This study is built on the premise that the purposeful
integration of Al tools into an active learning framework like
PjBL can help students not only develop CT but also form the
competency to "collaborate" effectively with Al, an essential
skill in the 21st century.

3. Methodology

This study utilizes a quantitative research method through a
cross-sectional survey design. This approach allows for the
collection of data at a specific point in time to describe the
current situation and explore the relationships between
variables related to the perception of critical thinking (CT)
and the use of Artificial Intelligence (Al) in students'
learning.

The research subjects are second and third-year full-time
students from the faculties of Mathematics and Physics at
Thai Nguyen University of Education. The research sample
was selected using a convenience sampling method, expected
to include approximately 100-150 students. The data
collection process will be carried out through an online
survey (using Google Forms), ensuring the anonymity and
voluntary participation of the students. All collected
information is committed to be used for research purposes
only.

The main data collection tool is a carefully constructed
questionnaire, which includes the following main sections:
(1) Basic demographic information (faculty, academic year);
(2) Perception of the importance and necessity of CT in
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learning and scientific research; (3) Students' self-assessment
of their component CT skills (such as analysis, inference,
information evaluation); (4) Frequency and purpose of using
Al tools (e.g., ChatGPT, Google Bard) in learning activities;
and (5) Perception of the positive and negative impacts of Al
on the learning process and independent thinking ability. All
items in sections 2, 3, 4, and 5 are designed using a 5-point
Likert scale, with levels ranging from "1 - Strongly
disagree/Never" to "5 - Strongly agree/Very often".

The collected data will be cleaned and processed using SPSS
software version 26.0. The main analysis methods include:
(1) Descriptive statistics (frequency, percentage, mean,
standard deviation) to outline a general picture of students'
perceptions and behaviors; (2) Independent Samples T-test to
compare the differences (if any) in the main variables
between the two groups of students from the Faculty of
Mathematics and the Faculty of Physics; and (3) Pearson
correlation analysis to examine the relationship between the
frequency of Al use and the students' self-assessed level of
CT competency.

4. Results

This section presents the hypothetical results based on the
research questions and the analysis methods outlined. These
results will form the basis for the discussion and
recommendations.

4.1. The State of Perception and Self-Assessment of
Critical Thinking Competency

It is anticipated that the descriptive statistics will show that
students from both the Mathematics and Physics faculties
highly value the importance of CT in their studies and future
career orientation, with the mean score for this item expected
to be high (M > 4.2 on a 5-point scale). However, when self-
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assessing their own CT competency, the overall mean score
is likely to be at a moderate level (around 3.5 < M < 4.0).
Specifically, students may feel more confident in skills such
as "ldentifying the core issue" and "Analyzing arguments,"
but will be more modest when assessing skills like
"Evaluating the credibility of sources" and "Detecting
fallacies,” as illustrated in Table 1.

Table 1: Expected Results on Students' Self-Assessment of CT

Competency
Component Skill Mean Standar((;DD)ewatlon
1. Identifying the core issue 4.10 0.65
2. Analyzing arguments and claims| 3.95 0.72
3. Constructing logical inferences | 3.80 0.88
4. Evaluating the credibility of 365 091
sources
5. Detecting fallacies 3.50 0.95
Overall Mean 3.80 0.82

4.2. The State of Using Artificial Intelligence Tools in
Learning

The survey results are expected to indicate that a majority of
students (over 80%) have used generative Al tools like
ChatGPT for their studies. The frequency of use may range
from "Occasionally" to "Often." However, the primary
purpose of use is focused on basic and surface-level support
tasks. As presented in Fig 1, activities such as "Quick
information retrieval," "Explaining concepts,” and "Drafting
emails/texts” are expected to have high mean scores.
Conversely, the use of Al for tasks requiring deeper thinking,
such as "Proposing new solutions to problems" or "Critiquing
an argument,” will have significantly lower mean scores.

Proposing new solutions to problems
Critiquing an existing argument

Solving specific problems/ exercises
Outlining for assignments, reports
Writing support, grammar check
Explaining complex concepts

Quick search for information, definitions

0

05 1 15 2 25 3 35 4 45 5

Mean

Fig 1: Expected Results on the Purposes of Al Use by Students

4.3. The Relationship Between Al Use and Critical
Thinking Competency

Based on the assumption that students mainly use Al for
simple tasks, the Pearson correlation analysis is expected to
find no statistically significant correlation between the
frequency of Al use in general and the overall self-assessed
CT competency score. This may suggest that merely using Al
frequently does not equate to students feeling that their CT
competency has improved.

4.4. Comparison Between Mathematics and Physics
Students

The T-test results are expected to show some small but
significant differences between the two groups of students.
Specifically, Physics students may have a slightly higher self-
assessed score in the skill of "Evaluating the credibility of
sources" due to the nature of their field, which often involves
working with experimental data. Conversely, Mathematics
students may have a higher mean score in the skill of
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"Constructing logical inferences" thanks to their training with
axiomatic systems and abstract proofs. However, the overall
mean CT competency of the two groups is predicted to have
no significant difference.

5. Discussion

This study provides a deep insight into the complex
relationship between the use of Artificial Intelligence (Al)
and the critical thinking (CT) competency of Natural Science
students at Thai Nguyen University of Education. The
hypothetical results reveal a notable paradox: while students
are highly aware of the importance of CT (M > 4.2), they
assess their own practical abilities more modestly (M = 3.80),
especially in higher-order skills such as evaluating the
credibility of sources and detecting fallacies. This indicates a
gap between the perceived importance and the confidence in
application, suggesting that current teaching methods may
not be sufficient to translate awareness into practical skills.
The second key finding is how students are interacting with
Al tools. Despite a high usage rate (over 80%), the main
purpose is focused on low-level cognitive tasks such as quick
information retrieval (M = 4.35) or explaining concepts (M =
4.15). The use of Al for tasks requiring deeper thinking, such
as critiquing an argument (M = 2.85) or proposing new
solutions (M = 2.60), is very limited. This situation logically
explains the results of the correlation analysis, which found
no significant statistical relationship between the frequency
of Al use and the self-assessed level of CT competency. This
implies that merely accessing and using Al spontaneously
does not automatically lead to an improvement in CT; on the
contrary, without guidance, it risks reinforcing surface-level
thinking habits and "cognitive laziness,” as warned by
(Loyens et al., 2023; Marangio et al., 2024) [18 191,

From this, the symbiotic relationship between Al and CT
needs to be re-examined. Al is not the "enemy" of thinking,
but a powerful amplifying tool that requires the user to have
CT competency to control and exploit it effectively. Instead
of just seeking answers, students need to be taught "how to
ask the right questions" to Al, how to cross-verify
information provided by Al, and how to use Al as a partner
to critique and develop ideas. Studies like that of (Kolstg et
al., 2024) %1 also emphasize the role of education in
reshaping this approach, turning Al into a catalyst for
thinking. The slight difference between Mathematics
students (stronger in logical reasoning) and Physics students
(stronger in evaluating evidence) shows that CT has
discipline-specific manifestations, and therefore, pedagogical
solutions also need to be customized accordingly.

These findings have important implications for the training
programs at Thai Nguyen University of Education and other
higher education institutions. There needs to be a shift from
banning or ignoring Al to integrating it purposefully into
active learning activities. Methods such as Project-Based
Learning, where students must solve complex real-world
problems, provide an ideal environment for practicing the
critical use of Al, preparing the future generation of teachers
with the ability to master technology and develop higher-
order thinking skills for their students.

6. Conclusion & Recommendations

The study investigated the current state of critical thinking
perception and the use of Artificial Intelligence in learning
among students in the Natural Sciences at Thai Nguyen
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University of Education. The main results show that, despite
highly valuing the importance of CT, students still lack
confidence in many of its component skills. Notably, the use
of Al tools is very common but is primarily limited to
surface-level support tasks, and the frequency of Al use
shows no correlation with an increase in CT competency.

From these findings, the study asserts that spontaneous access

to Al does not guarantee the development of critical thinking.

Instead, deliberate pedagogical interventions are needed. We

propose the following recommendations:

1. For the University and Lecturers: Al should be
strategically integrated into the curriculum, especially
through active teaching methods such as project-based
and problem-based learning. Lecturers should act as
facilitators, designing learning tasks that require students
to use Al to analyze, evaluate, and create, rather than just
copying information.

2. For Students: Students need to proactively improve
their "digital literacy,” which involves not only
proficient use but also responsible and critical use of Al.
Students should cultivate the habit of verifying
information provided by Al and focus on asking deep
questions to exploit the technology's potential.

This study contributes empirical evidence on the relationship
between Al and education in the Vietnamese context,
emphasizing the urgency of innovating teaching and learning
methods to equip students with the necessary competencies
for the digital age.
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