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Abstract

This study examines how students are able to think critically and
solve problems when Atrtificial Intelligence (Al) tools are used in
higher education. Using a kind of experimental research design, data
were collected from sixteen undergraduate students with one group
using Al-assisted learning and the other using traditional learning
methods. In order to evaluate the improvements in cognitive
performances with pre-test and post-test assessments, semi-
structured interviews were conducted. The results indicated that the
group using Al tools showed better improvement compared to the
group that did not use an Al tool. For critical thinking, they had a
delta of 1.41 meaning they did better at that score than the non-Al.
The t-test score for the team was 4.12 and p-value < .01. Likewise,
the delta for problem solving was 2.73, t-test=5.02 showing a p-
value<.001. The estimated effect sizes suggest the effects of Al on
higher-order cognition using all data were medium to large, d =
0.65—0.81. The qualitative information from the findings supported
this. The Al technologies promoted engagement, student autonomy
and strategic reasoning among students using it. Al-enhanced
instruction, as per the analysis, can help learners develop critical
reflections in addition to adapting learning and essential skills.
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Recommendations stress the importance of incorporating Al
literacy and ethics in curricula to maximize rewards and reduce
cognitive dependency.

Keywords: Artificial Intelligence, Critical Thinking, Problem-
Solving, Higher Education, Cognitive Skills.
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1. Introduction

Data representation and manually finding patterns in data using
human expertise are being rapidly replaced by artificial intelligence
(Al). This transformation represents one of the most significant
shifts in modern society (Chen et al., 2023). Automated pattern
detection and the ability of new machine learning algorithms to
independently develop optimized solutions for specific analytical
tasks have revolutionized how knowledge is generated and applied.
This automation benefits both educators and researchers by
improving efficiency and simultaneously increasing opportunities to
deal with learning and cognitive processes more in-depth. Janiesch
et al., 2021). In today’s higher education sector, Al is one of the
most important technologies for both students and teachers. Al can
support students’ learning processes, and enable instructors to
design instruction in a more effective way.

As schools and colleges adopt Al based tools, one avenue of
research receiving increasing attention is the study of how these
tools affect essential cognitive skills such as analysis and problem-
solving abilities. The ability to think critically and reason effectively
are skills that students require to thrive academically and develop
skills necessary for life-long learning.
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This study looks at Al-assisted instruction affects students’ critical
thinking and problem-solving ability in higher education.
Researchers are comparing students who learned via Al tools with
those who learned through traditional methods. This will help in
empirically analyzing if tools significantly contribute to enhanced
higher-order cognitive development.

2. Literature Review

The capacity to think critically and deal with different life problems
is a lifelong learning process by higher education, especially by
technology. When students improve their cognitive skills, they
begin thinking about and evaluating this knowledge. In addition,
they will also develop modified strategies for tackling new issues.
Previous research showed that more cognitive efforts must be
accompanied by more capability as otherwise, it leads to frustration
and disengagement (Elbyaly & Elfeky, 2023). It is expected of
higher education institutions to foster critical thinking that enables
sound reasoning, decision-making, and reflective judgment. Nadeak
and Naibaho (2020) have stated that critical thinkers are aware of
their actions and are able to use knowledge flexibly across
situations. But there is limited understanding of how transfer of
these skills happens in a digital or artificial intelligence enhanced
learning environment (Al-Adwan et al., 2022; Hsieh & Huang,
2020).

2.1 The Importance of Critical Thinking in Higher Education
The term critical thinking is interpreted to refer to one’s capacity to
analyze, evaluate, and interpret information as well as to reach
rational and reasonable conclusions. According to Paul and Elder
(2006), it is a disciplined process used to develop certain intellectual
traits essential for reasoning and problem solving. Tang, et al.
(2020) noted that curiosity, skepticism, and reflective judgment
must be fostered to cultivate critical thinking. This skill is not just
about analyzing data but is a type of motivation or disposition to
challenge assumptions and work through complex questions
(Monteiro et al., 2020). By allowing students to carry out
independent investigation and evidence-based reasoning, these
skills are crucial in higher education. These skills will not just help
in academic success, but further employability (Fuchs, 2023).

4 Copyright © ISTJ b gine okl (3 gia
A g glall 4 gal) Alaall


http://www.doi.org/10.62341/darc1943

International Scienceand ~ VOlume 38 ) B kI 50 e
Technology Journal Part 1 aaall - m

Akl g glall 4 gal) Al ISTJ}\Q

http://www.doi.org/10.62341/darc1943

2.2 Problem-solving Skills Involved Success of Students
Solving problems is somewhat similar to critical thinking. It,
however, focuses on the ability to identify, produce, and evaluate
solutions. The demand for “problem-solving ability” has increased
over the years in the changing job landscape (Szabo et al., 2020;
Giileg, 2020). Today’s students who think critically and solve
problems collaboratively are more adaptable and innovative.
Studies show effective problem solving depends on knowledge,
reasoning ability, and regulation of reasoning (Alam & Mohanty,
2023). Thus, improving problem solving skills in higher education
can enhance students’ cognitive flexibility and professional
readiness.

2.3 Impact of Al on Education

Al helps to personalize instructional plans and enhance
effectiveness in learning. Al technology can mimic particular
aspects of human reasoning for optimizing adaptive feedback,
automating assessments and personalizing learning. Studies have
shown that Al enhances high-order thinking through the automation
of routine tasks permitting learners to engage in complex reasoning
especially creativity (Ahmad et al., 2020). Al can also boost and
enhance teacher productivity through the automation of routine
tasks as well as streamlining decision-making. But it can lead to
cognitive downsizing and passive learning when systems are relied
on to replace human judgment, rather than complement it (Huang &
Rust, 2021). For equal integration, one must adapt and balance the
Al-powered tracking about personalization with pedagogical
development, so that students do not lose energy capacity for pursuit
and critical reflection (Angwaomaodoko, 2023). When used
properly, Al can humanize learning, enhance inclusion and ensure
understanding through interaction and real-time responses.

3. Methodology

3.1 Research Design

This study employed a case study—based quasi-experimental
research design to investigate how Al-aided instruction influences
students’ critical thinking and problem-solving skills in higher
education. The design was selected because it allows for an in-depth
examination of a contemporary educational phenomenon within its
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real-world context (Yin, 2014). The approach combined
quantitative and qualitative methods to enhance validity through
triangulation. The researchers created an experimental group, given
Al-aided instruction, and a control group, exposed to traditional
teaching. Both groups did pre-test and post-test to see improvement
in their critical thinking and problem-solving skill. Further, semi-
structured interviews helped researchers learn how students feel
about Al-learning.

3.2 Data Collection

Online surveys and structured assessments were used to collect
primary data. The survey instrument to measure cognitive skill
development was subjected to expert review for content accuracy
and reliability. Participants responded to the study instruments
through surveys hosted on SurveyMonkey. The researchers selected
sixteen undergraduate students to participate in the study through
purposeful sampling. This idea was to provide that the respondents
possess certain features essential for the study. Students should get
enroll in higher education and learn about Al usage in studies. The
selected sample was small but the produced report meaningfully
explored the students’ experiences and cognitive outcomes. Ethical
protocols were observed throughout the study. Consent was
obtained from all participants and they were assured of their
voluntary participation and of confidentiality.

3.3 Sample Selection

The research included participants from both public and private
universities to enhance representativeness. Students from
engineering and management disciplines were prioritized, given the
higher prevalence of Al use in these fields. Random sampling within
these disciplines ensured that each student had an equal opportunity
for selection, while proportional allocation-maintained balance
between institutions and cognitive levels. The students were divided
based on their academic status. The ones that fell under the top 50%
were selected as high-cognitive whereas the other ones from the
lower 50% were selected as low-cognitive based on cumulative
GPA. Being stratified like this allowed for comparisons at different
levels of ability on the cognitive test. Data collection was conducted
over a six-month period and included interviews with faculty to
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identify the Al tools most frequently integrated into instruction.
These interviews supplemented quantitative results by
contextualizing how Al was used to support students’ learning
processes.

4. Results and Findings

Researchers investigated Al-facilitated lessons and the effect on
students’ critical thinking and problem-solving skills in higher
education. Data from pre and post-tests were analyzed for both
experimental (Al-aided) and control (traditional) groups with
qualitative insights from semi-structured interviews.

4.1 Al Impact on Critical Thinking Skills

The students in the Al-aided group improved their critical thinking
more than the control group. Table 1 shows the mean scores of both
the groups before and after instruction.

Table 1. Pre- and Post-Test Mean Scores for Critical Thinking

Group Pre-Test Post-Test | Difference
Mean Mean
Experimental (Al-aided) 35.16 36.57 +1.41
Control (Traditional) 34.94 35.78 +0.84

As shown in Figure 1, both groups improved, but the experimental
group’s mean gain (A = 1.41) was noticeably higher.

Critical Thinking Scores: Pre vs Post Test
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8
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=
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Experimental (Al-aided) Control (Traditional)
Group
Figure 1. Comparison of Pre-Test and Post-Test Mean Scores for Critical
Thinking.
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An analysis of covariance (ANCOVA) was conducted to control for
pre-test effects. The post-test mean score of the Al-aided group was
significantly higher than the non-Al aided group, F(1,30) = 5.76, p
< .05 confirming that Al instruction program enhances critical
thinking ability (Mdiff = 0.91). A paired-sample t-test was
performed to validate these results (Table 2).

Table 2. Paired Sample T-Test Results for Critical Thinking

Group Mean SD | t- Df p- Significance
Difference value value

Experimental 1.41 0.82 | 412 | 15 | 0.001 | Significant

(Al-aided)

Control 0.84 0.79 | 215 | 15 | 0.045 | Significant

(Traditional)

Both group members showed significant improvement, although,
Al-aided expression members made greater improvement. The
results offered strong support for the hypothesis that use of Al tools
facilitates reflection and critical analysis with feedback which is
personalized and cognitive scaffolding. Qualitative interviews
supported the quantitative data. Students said using Al tools allowed
them to “see things from different angles™ and “develop strategies
for reasoning”. By contrast, students in the control groups faced
more difficulties transferring their critical thinking without Al
assistance.

4.2 Impact of Al on Problem-Solving Skills

Al-aided instruction also improved students’ problem-solving
abilities. The experimental group displayed a larger gain in mean
scores compared to the control group (Table 3).

Table 3. Pre- and Post-Test Mean Scores for Problem-Solving

Group Pre-Test Mean | Post-Test Mean | Difference
Experimental (Al-aided) | 30.12 32.85 +2.73
Control (Traditional) 29.97 31.24 +1.27

8 Copyright © ISTJ Ak sine qolall (3 s

A g glall 4 gal) Alaall


http://www.doi.org/10.62341/darc1943

International Scienceand ~ VOlume 38 aaxd) G0  p el Tt Ay -~
Technology Journal Part 1 laal et e ot Tk S > <

A i o e IST.A7

http://www.doi.org/10.62341/darc1943

Problem-Solving Scores: Pre vs Post Test
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Figure 2. Comparison of Pre-Test and Post-Test Mean Scores for
Problem-Solving Skills.

The Al-aided group’s improvement (A = 2.73) was more than
double that of the control group (A = 1.27), and the difference was
statistically significant, t(15) = 5.02, p < .001, indicating a large
effect (d = 0.81). Students in the experimental group reported that
Al tools enabled real-time feedback and adaptive problem
sequencing. One participant stated, “The Al system gave hints when
I was stuck and helped me break problems into smaller steps.” In
contrast, control group students reported feeling “less confident
tackling complex problems alone.”

4.3 Insights into the Results

Overall, the findings show that the Al-based learning can enhance
the skills. The result of effect size showed that the use of Edu-Quest
assessment software had a medium effect on critical thinking (d =
0.65) and a large effect on problem-solving (d=0.81).

Table 4. Effect Size (Cohen’s d) for Critical Thinking and Problem-
Solving

Measure Cohen’s d | Interpretation
Critical Thinking | 0.65 Medium Effect
Problem-Solving | 0.81 Large Effect
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The data suggest that Al fosters adaptive learning environments by
providing immediate feedback and tailored challenges that match
students’ cognitive levels. The benefits of these more personalized
experiences probably help the experimental group perform better.
Overall, the results seem to support that Al-supported teaching
promotes critical reflection, strategic reasoning, and cognitive
flexibility in higher education.

5. Discussion

This paper aims to find out how critical thinking and problem-
solving skills of the university students impacted by Al. The
findings show that Al-aided instruction contributes to cognitive
domains with previous research confirming AI’s pedagogical
potential (Elbyaly & Elfeky, 2023; Tang et al., 2020). The outcomes
of the quantitative investigation demonstrated that the group using
Al made significantly greater gains in critical thinking (A = 1.41, p
< .01) and problem-solving (A = 2.73, p < .001). According to
qualitative findings, learners with Al support display enhanced
confidence, flexibility, and engagement skills.

5.1 Interpretation of Findings

The fact that critical thinking improved suggests that the use of Al
tools provided effective scaffolding for analytic thinking and
metacognitive awareness. Students who utilized Al received
feedback that adjusted to their needs and interactive prompts that
encouraged deeper exploration and reflection. The study suggests
that Al can foster higher-order thinking by creating individualized
pathways for learners, allowing them to trial multiple strategies,
according to Yang et al. (2021). Al's ability to break down tasks into
smaller chunks and give users instant feedback on their progress
could help people become better problem solvers. The actively
learning through the dynamic feedback loops provide a range of
opportunities and help the students regulate themselves which are
two vital elements for the establishment of generalizable problem-
solving skills (Szabo et al., 2020; Guleg, 2020). These results
collectively confirm that by adopting AI’s personalized and iterative
learning environment, the teaching-learning experience can be
improved. This can provide cognitive autonomy along with
adequate scaffolding. Nonetheless, teachers should design Al
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integration properly to prevent passive learning behaviors or
becoming too reliant on machines.

5.2 Implications for Higher Education

The findings have important implications for teaching in higher
education. According to Southworth et al. (2023) and Ahmad et al.
(2020), applying Al can help teachers concentrate more on teaching
and less on admin work. More importantly, the Al development
helps in creating critical thinking, creativity, easy thinking, and
another ability of the 21st Century. By incorporating Al tools into
the learning environment, teachers may differentiate their
instruction. For example, Al based systems will detect skill gaps,
adjust task difficulty and recommend resources. It allows the student
to make meaningful decisions and fosters intrinsic motivation.
According to Park and Kwon (2024), Al is essential for sustaining
lifelong learning for anyone one chooses. Institutions must use Al
transparently with privacy and non-discrimination to data.
Dependence on algorithms produces irrationality in human beings.
Al in education should lead to enhancing human thought and no
causing a replacement of the human.

5.3Challenges and Opportunities

Some students might stop thinking if they depend on auto correct,
etc. which means nothing to them, as per Huang and Rust, the Al
forces organizations to make tasks simple, which in turn slows down
the cognitive effort over a period of time. Teachers should therefore
use Al as a thinking partner that triggers curiosity, discussion, and
dispute, not as an answer engine. According to Seo et al. (2021), one
positive aspect of Al is that it promotes diversity due to its
adaptability to diverse learning styles along with rapid feedback in
real time. Simulating the complex real-world scenarios, simulation
capability enables the students to apply the theoretical knowledge
they have acquired in the practical field. AI’s adaptable analytics
can offer support for formative assessment that can help teachers
adapt better by identifying learning patterns. Teachers and students
are empowered in their ability to construct learning outcomes that
reinforce critical and creative thinking through an ongoing cycle of
feedback and iteration.
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6. Conclusion

According to the above-developed theory on students' thinking and
intelligence degradation occurring because of modern Al, finding
results to support the theory would not be that difficult in today's
education sector. Should the theory be true, it is an alarming state
for the future generations' workforce productivity quality. The most
productive set of students are those pursuing higher education in
university and it is at this level they are being trained for a profession
and pouring the foundation to using their intelligence and thinking
capabilities in their related fields of work. These are the types of
workers that Al is trying to develop technology for and should
modern Al be hindering these students' capabilities, it would be a
cause for Al industries to take note and carefully plan out the
implementation of their technologies. The research on the impact of
Al on critical thinking and problem-solving skills may serve as an
indicator to the future generations' workforce productivity quality
and should the results be the same as the theory, they may warrant
support to redevelop Al to cater for intelligence-based development.
In today's modern era of education, it is clear that the influence of
Al and its related modern technologies have begun to take root. As
can be seen in the higher education sector, technology has already
started its steady dominance with the implementation of digital
databases, online submission of assignments, virtual classrooms,
email correspondence between students and lecturers, and also the
recently popular online lectures that enable access to the students
for viewing the lectures anytime and anywhere. The previous
qualitative exploration generates strong insight that Al has already
started to influence and change the higher education sector. As an
evident tool of Al, technology has brought on many different modes
of learning and interacting between students and lecturers. What
would interest the Al field and related industries is whether these
kinds of technology-driven changes are good enough or whether the
embracement of Al implementation towards the intelligence of a
higher education student would be more beneficial. Al industries
would be looking at the cause and effect relationship of
implementing modern Al to intelligence levels to better prepare a
future generation workforce for acceptance of Al and its related
technologies.
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7. Recommendations

To properly include Al in a higher education setting, this needs to
include certain measures, while also ensuring the critical thinking
and problem-solving abilities are augmented. One aspect is
integrating Al into the curriculum. Al application is necessary for
design of a course in college and universities to personalize learning
and engaged cognition and avoid treating Al as a tutor. Instead,
redesign the learning architecture for Al such that it will provide
personalized lessons, instant feedback, and analytical or critical
thinking. Through Al-based platforms, learning gaps can be
identified for each individual student and the content’s difficulty
level will be adjusted accordingly, allowing students to learn at just
the right level. Integrating of technology encourages student
autonomy in learning and enhances students’ motivation in study. It
is also in line with the 21st century educational competency
framework.

7.1 Faculty Training and Pedagogical Readiness

To make Al work in education, teachers have to commit to
designing and implementing Al-infused learning experiences. It is
recommended that faculty members receive continuous professional
development on their Al literacy, including algorithmic bias, ethics,
and design. Teachers shouldn’t just be trained to use Al systems but
also to decipher what Al tells them in relation to their students.
Educational institutions must prepare training modules agreeing to
more pedagogical and less technical use of Al so that innovation
must remain in balance with human activities.

7.2 Improving how we teach critical thinking and problem
solving

We should use Al to augment human intelligence, not replace it.
Teachers can offer an open-ended question using Al and a real-
world context to trigger a dialogue and or reflection. For example,
adaptive Al tutors can offer counterarguments, allowing students to
assess various viewpoints and enhance their reasoning. When we
apply Al like this it supports guided discovery learning, along with
metacognition and critical inquiry too. Using Al will uphold the
intellectual demand for cognitive growth and offer useful feedback
through adaptive learning.
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7.3 Policy and Ethical Considerations

Universities as well as policymakers have to create a framework to
ensure transparency, data privacy, and fairness in the use of Al. Al
assessments and feedback should be managed by the ethical policies
defining the limits to automation. Institutions must also encourage
the practice of Al literacy amongst students so that they understand
how algorithms function and how to judge the outputs. When you
are careful, that is, don’t misuse things, we can use it.

8. Future Research Directions

Future studies should broaden their scope to include cross-
disciplinary investigations and longitudinal studies of AI’s effects
on thinking processes. Research across different institutions could
identify what demographic and cultural factors make a difference as
well as differences in technologies. This research would help
educators better understand how Al can be used for teaching, as well
as limitations.
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