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Introduction: Artificial intelligence-driven feedback and assessment have
become increasingly important teaching approaches in design education.
However, empirical evidence regarding their impact on students’ critical thinking
remains limited.

Methods: To address this gap, this study employed a mixed-methods
design involving a three-week intervention with 70 undergraduate design
students. Participants were randomly assigned to an experimental group
(n = 38) and a control group (n = 32), both with comparable academic
backgrounds. Standardized instruments were used to measure students’ critical
thinking abilities before and after the intervention. During an age-friendly
design workshop, the experimental group received Al-assisted feedback and
assessment, while the control group completed the same instructional activities
without Al support.

Results: The results indicated that the experimental group demonstrated a
statistically significant improvement in critical thinking abilities compared to
the control group after the intervention (p < 0.05). Qualitative analysis further
revealed several mechanisms through which Al-assisted feedback supported
students’ reflective thinking, iterative design processes, and problem-solving
strateqies.

Discussion: These findings suggest that Al- effectively enhance critical thinking
in design education. The study contributes empirical evidence to the growing
body of research on Al-supported learning and provides practical implications
for integrating Al tools into workshop-based design instruction to foster higher-
order thinking skills.

KEYWORDS
artificial intelligence, critical thinking, design learning, feedback, mixed-methods study

1 Introduction

Critical thinking, as a crucial cognitive ability, emphasizes the independent and
in-depth thinking that individuals undertake when analyzing information, evaluating
arguments, and ultimately forming rational judgments and decisions (Dwyer, 2017; Krupat
et al,, 2011). It is not only regarded as the core goal of higher education, significantly
promoting students’ cognitive development and academic performance (Rivas et al., 2023,
2022), but also highly valued in today’s labor market, becoming a key ability for graduates
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to achieve career success and actively participate in social life
(Dumitru and Halpern, 2023). Therefore, exploring effective
teaching methods to enhance students’ critical thinking skills has
become an urgent educational task.

In recent years, the rapid development of artificial intelligence
technology has brought new dimensions and challenges to the
cultivation of critical thinking. Artificial intelligence tools such as
intelligent tutoring systems and adaptive learning platforms can
create personalized and highly interactive learning environments,
providing new possibilities for the development of higher-order
thinking (Kassenkhan et al., 2025; Luo et al., 2025; Niu et al., 2025).
Especially in the era of information explosion and technology-
driven development, critical thinking is crucial for students to
distinguish information and solve complex problems (Luo et al.,
2024; Vu, 2025). How to effectively utilize artificial intelligence to
overcome teaching bottlenecks, stimulate students’ deep thinking
and independent judgment, and achieve a good learning experience
has become a core issue that must be addressed when combining
technology with education (Balch and Loftus, 2023).

In the field of design education, the application of artificial
intelligence is transforming the way students’ creativity and
analytical skills are cultivated in related professional courses.
Some AI applications based on personalized feedback and
scaffolded support are particularly important in design education,
a field that highly relies on iteration and reflection. Tools
driven by artificial intelligence, such as generative design systems
and visualization platforms, enable students to quickly create
prototypes and iterate designs, and receive contextual feedback
throughout the design process, thereby forming an iterative and
reflective learning cycle (Demartini et al., 2024; Serban and Vescan,
2019). These technologies can serve as powerful auxiliary tools
to promote deeper cognitive engagement among students and
stimulate creativity.

Taking this into account, the cultivation of critical thinking
is particularly important in the design discipline, as design is
essentially a decision-making process that balances creativity,
functionality, ethics, and user needs (Verganti et al., 2021). An
excellent designer needs to constantly evaluate the feasibility,
appeal, and sustainability of their solutions, challenge existing
assumptions, and integrate diverse perspectives. In the increasingly
complex social-technical environment, the ability to critically
assess the social, cultural, and environmental impacts of design
has become indispensable. Therefore, emphasizing and cultivating
critical thinking skills in design courses can help students cope with
ambiguous situations in the future and enhance their innovative
capabilities that are people-oriented and socially aware (Rusmann
and Ejsing-Duun, 2022).

However, despite the increasingly widespread application of
artificial intelligence in design education, existing research still has
significant limitations. Most studies focus on the overall teaching
effects of introducing AI tools, but generally lack comparative
research on the impact of Al tools on students™ critical thinking
development. Current literature often lacks rigorous control groups
in its experimental designs, making it difficult to accurately
distinguish the extent to which improvements in critical thinking
skills can be attributed to AI technology itself, rather than
other teaching factors or students’ natural development. This
methodological gap limits our understanding of how AI promotes
higher-order thinking development in design education and also
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affects the scientific optimization of related teaching strategies and
tool designs.

This study focuses on whether artificial intelligence tools can
enhance the critical thinking ability of design major students
by providing personalized feedback and scaffolding learning
experiences. The study adopts a mixed-methods approach to
systematically compare the impact of using and not using Al
tools on the development of students’ critical thinking. A 3
week randomized controlled study was conducted. We recruited
70 undergraduate students from the design major of Fuzhou
University in China. A pre-test was conducted to ensure that there
were no significant differences between the experimental group
and the control group in terms of baseline critical thinking levels,
age, gender, and professional foundation. The experimental group
integrated the use of ChatGPT-3.5 Al tools designed with prompts
into their regular design courses, applying it to the analysis of design
problems, the conception of solutions, and the evaluation of designs
to provide personalized feedback and evaluation. The control group
received the same number of class hours but traditional teaching
without Al assistance, and both groups received unified feedback
from the teacher at the end. Qualitative data such as learning
process analysis and interviews were also collected to explore in
depth the specific impact paths of Al tool intervention on critical
thinking through a mixed-methods approach.

This study enriches the theoretical foundation of technology-
enhanced learning in the field of design education by exploring
the relationship between artificial intelligence and the cultivation
of critical thinking in design majors. At the practical level, the
findings of this study have direct guiding value for design educators,
curriculum developers, and teaching administrators, providing
evidence-based support for the reasonable integration of intelligent
technology into the design teaching process. This helps educators
create a more systematic and supportive learning environment in
design courses, transforming artificial intelligence from an auxiliary
tool into a teaching partner that promotes the development of deep
design thinking.

2 Related work

2.1 Artificial intelligence in design
education

Artificial intelligence technology has become a core driving
force for educational innovation, providing a unique intelligent
support for the teaching and learning process. In the field of design
education, the application of artificial intelligence tools initially
focused on knowledge-assisted skills training, such as how to better
enhance cognitive abilities and the construction and acquisition
of design knowledge (Zhang et al., 2026). In the field of design
education, the application of artificial intelligence tools is gradually
shifting from assisting skills training to supporting the cultivation
of higher-order design thinking. In practice, artificial intelligence
technologies such as generative design platforms and interactive
web-based assessment tools can provide personalized support based
on students’ design process and outcomes, thereby meeting the
diverse cognitive and creative needs of design learners. Lively et al.
integrated Al-generated tools into web design education, using
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image- and text-based AI generators and software to enhance
design students’ aesthetic and creative copywriting skills (Lively
etal., 2023).

In theory, Some researchers have also integrated certain
concepts with artificial intelligence tools and design goals and
principles. Roias et al. combined the 4PADAFE instructional
design concept with artificial intelligence applications. 4PADAFE
Plan,
Planning, Instructional Material Production (4P), Teaching Action
(AD), Formative Adjustments (AF), and Evaluation (E) to explore
the possibilities and advantages of generative artificial intelligence

represents Academic Project, Strategic Instructional

tools in improving the teaching and learning process of design
education (Ruiz-Rojas et al., 2023).

Existing research has begun to focus on the impact of
artificial intelligence tools on the development of critical thinking,
and related discussions are equally important in the context of
design education. Some studies have shown that AI can promote
students’ reflection and argumentation in design decisions through
structured process feedback, thereby fostering the development of
critical thinking (Muthmainnah and Oteir, 2022; Zhao and Dang,
2026). This structured scaffolding adapts well to the timeliness
of AI output, enabling students to experience multiple rounds
of exploration and iteration in a short period, thus conducting
in-depth thinking and critical analysis to enhance their design
thinking patterns, creative thinking, and reflective thinking abilities
(Saritepeci and Yildiz Durak, 2024). These cases demonstrate that
artificial intelligence is not only a technological enhancement
for design studies, but also a key means to propel design
education to a deeper level and lay the foundation for students’
design development.

2.2 Critical thinking in design

Critical thinking is often conceptualized as “the ability to think
critically and make rational decisions in complex and uncertain
situations.” This higher-order cognitive ability is rooted in Dewey’s
concept of “reflective thinking,” the core of which lies in the cyclical
process of exploring, questioning, and evaluating design problems
and solutions (Dewey, 1922; Rodgers, 2002).

In design, critical thinking is not merely a lofty cognitive
concept, but a core skill deeply embedded in professional practice.
The design process is essentially a cycle of continuous analysis,
judgment, choice, and reflection, in which critical thinking
naturally permeates every stage, from problem definition and
solution generation to evaluation and optimization (Piotrowski,
2011).

Within design pedagogy, this competency becomes evident
when learners rigorously dissect contextual design conditions,
thoughtfully balance competing demands, such as functionality,
sustainability, and user needs, critically assess not only their own
proposals but also peer-generated alternatives, and substantiate
design choices through logically structured, evidence-based
reasoning (Tovey, 2015). Cognitively, critical thinking in design
extends beyond evaluating pre-existing solutions; it actively
fuels conceptual evolution by prompting designers to revisit,
reinterpret, and sometimes fundamentally reframe their prior
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design experiences, thereby deepening domain-specific knowledge,
refining conceptual frameworks, and strengthening metacognitive
awareness (Findeli, 2001; Giinther and Ehrlenspiel, 1999).

In design practice, critical thinking is often externalized and
deepened through argumentation. Argumentation is defined here
as a systematic process of presenting design propositions based on
evidence and providing reasonable support for them (Giinther and
Ehrlenspiel, 1999). Designers not only need to generate ideas, but
also need to be able to clearly articulate the basis, trade-offs, and
logic behind design decisions. This is the specific manifestation of
critical thinking in the design process. The elements such as “claim-
evidence-basis-support-rebuttal” in the Toulmin argument model
provide an effective framework for analyzing and constructing
design arguments, helping students develop systematic and rational
expression skills in design reviews, proposal defenses, and other
aspects (Hitchcock, 2005; Toulmin, 2003).

To enhance students critical thinking skills in design,
structured argumentation has been widely adopted as an effective
teaching intervention method. Although traditional approaches
such as facilitating discussions and debates or structuring
viewpoints have been proven to promote the development of
critical thinking, they are often limited by issues like insufficient
time and delayed feedback (Schindler and Burkholder Jr, 2014).
In recent years, Al-driven argumentation tools have offered
innovative solutions to this dilemma. However, while artificial
intelligence-supported argumentation tools have shown significant
potential, current research primarily focuses on the concepts
and applications of the technology itself; how they differentially
influence the critical thinking abilities of design students remains
to be studied. Therefore, this study aims to construct a comparative
experiment to explore the specific mechanisms by which AI-
powered argumentation tools affect the development of students’
critical thinking skills in design education, thereby filling a research
gap in this field.

Therefore, this study aims to explore the impact of artificial
intelligence tools on students’ critical thinking abilities in designing
instructional scenarios through a controlled experiment, and
focuses on addressing the following two research questions:

Research Question 1: In university design courses, are
there significant differences in critical thinking skills between
students in the experimental group who used Al-assisted feedback
and argumentation and those who used traditional design
teaching methods?

Research Question 2: How did the critical thinking skills
of the experimental group students change specifically in pre-
and post-test assessments during the use of Al-assisted design
argumentation tools?

3 Methodology
3.1 Participants

This study aimed to evaluate the impact of a 3 week
workshop on “Age-Friendly Healthcare System Interface Design,’
incorporating Al-assisted design tools, on the critical thinking
skills of design students. A randomized controlled trial design
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was employed. This study adopted a randomized controlled trial
design. Seventy undergraduate design students from a university
in southeastern China were selected as the research subjects. After
signing the informed consent form, they were randomly assigned
to the experimental group (n = 38) and the control group (n =
32) in a I:1 ratio using a computer-generated random sequence.
Before the 4 week intervention began, we tested the baseline data
of both groups to verify the effect of randomization. The results of
independent sample ¢-tests and chi-square tests (Table 1) showed
that there were no statistically significant differences between the
two groups in key variables such as design foundation course grade
points, gender, and design study duration (p > 0.05), indicating
that the random grouping was effective and the groups had good
comparability. After the intervention, all people in the experimental
and control group completed the entire research process, and
their data were included in the final analysis. To comply with
academic ethics guidelines, this research was approved by the ethics
review committee of the host university before it commenced.
All participants signed informed consent forms, clearly explaining
the research objectives, procedures, and their right to voluntarily
withdraw. Considering potential copyright issues related to the
design process and the work, all data during the research process
was anonymized and kept strictly confidential.

3.2 Experimental procedure

This study collected quantitative data through pre-tests and
post-tests to assess the critical thinking abilities of design students.
We conducted a 3 week “Age-Friendly Medical System Interface
Design” workshop at Fuzhou University during the winter semester
of 2025. The workshop was held once a week for 1h, and was led
by two researchers who had undergone unified training. Figure 1
shows the design of the experiment.

The experimental group received training on the following
topics over the 4 weeks: “Age-Friendly Design,” “Solution
Evaluation,” “Iterative Optimization,” and “Product Testing.”
During the project implementation, students in this group were
permitted and encouraged to use various applicable Al-assisted

TABLE 1 Participant demographics.

10.3389/fpsyg.2026.1806913

design tools, including Manus and Chatgpt 3.5. Students in the
control group participated in the same workshop with the same
theme, duration, and structure, but were prohibited from using
any Al-based design tools during the project implementation; they
were only allowed to use basic design software such as Sketch
and Adobe to complete the tasks. The initial assessment involved
students from both the experimental group and the control group.
They completed pre-tests using relevant scales to determine their
baseline levels of critical thinking. After the intervention, post-tests
were conducted for both groups of students.

To obtain effective quantitative results, we first used paired tests
to determine whether there were significant differences in pre- and
post-test scores within each group, thus comparing the pre- and
post-test results of the experimental and control groups. Paired -
tests were used when the data approximately followed a normal
distribution; otherwise, Wilcoxon signed-rank tests were used.

To compare the effectiveness of the intervention, we used
analysis of variance (ANOVA) to test whether there were significant
differences in post-test scores between the experimental and control
groups, controlling for pre-test results. We then combined the
changes in post-test scores with those changes in pre-test scores to
determine the final effect of the intervention.

In addition, this study also collected qualitative data through
semi-structured interviews to gain a deeper understanding of the
actual experiences and views of the students in the experimental
group regarding the artificial intelligence-supported design tools.
We conducted a 10 to 15min interview with all the students in
the experimental group, focusing on their experiences of using
Al tools for design and exploration during the workshop. The
content covered the impact of the tools on their design thinking,
creative generation, solution optimization and other design
learning processes, as well as the challenges they encountered
regarding critical thinking in the human-machine collaborative
design process.

The interview outline was mainly composed of open-ended
questions to encourage participants to fully express their thoughts
and insights. Subsequently, this study used Maxqda software to
conduct a thematic analysis of the interview texts, aiming to identify
common themes related to critical thinking in design learning
in the students’ responses. The thematic analysis strictly followed

Variable Control group (n = 32) Experimental group (n = 38) Statistical test p-value

Age (years)

Mean & SD 207 £1.3 209412 “t* = —0.68 0.501
Gender, n (%)

Male 14 (43.8%) 18 (47.4%) X =0.09 0.764
Female 18 (56.2%) 20 (52.6%)

Years of design study, n (%)

<1 years 10 (31.2%) 14 (36.8%) )(2 =0.25 0.618

>1 years 22 (68.8%) 24 (63.2%)

GPA in foundation courses

Mean + SD 3.51+0.26 348 +0.28 ** =0.48 0.635
Frontiers in Psychology 04 frontiersin.org
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%% Participants (Undergraduate Design Students)

Design students recruited for a 4-week experimental study comparing Al-assisted and traditional learning
approaches.

Baseline Measurement: Experimental Critical Thinking Assessment (Pre-test)

2¢ Random Assignment

Participants randomly assigned to one of two experimental conditions with equal distribution.

&3 Experimental Group (Al-Assisted)

S Week 1
Age-Friendly Design

Principles and methodologies for
designing age-friendly interfaces
and products.

Al Tools: Manus, ChatGPT 3.5

S Week 3
Iterative Optimization

Techniques for iterative design
improvement based on feedback
and performance metrics.

Al Feedback System

& Week 2
Solution Evaluation

Methods for evaluating design
solutions against user
requirements and accessibility
standards.

Al-Assisted Analysis

& Week 4
Product Testing

Comprehensive testing
methodologies for design
validation and user acceptance.

Al Testing Tools

d

&Y Control Group (Traditional)

& Week 1
Age-Friendly Design

Principles and methodologies for
designing age-friendly interfaces
and products.

Traditional Research

5 Week 3
Iterative Optimization

Techniques for iterative design
improvement based on feedback
and performance metrics.

Standard Tools

& Week 2
Solution Evaluation

Methods for evaluating design
solutions against user
requirements and accessibility
standards.

Manual Evaluation

S Week 4
Product Testing

Comprehensive testing
methodologies for design
validation and user acceptance.

Conventional Testing

Final Project Implementation

Complete age-friendly interface design project with Al collaboration throughout all
phases

Final Project Implementation

Complete age-friendly interface design project using traditional methods and tools

L

Post-Test Assessment

Critical thinking skills re-assessment after the 4-week intervention.

J

|~ Data Analysis & Comparison

FIGURE 1
Workflow design process of the workshop experiment.

Statistical comparison of critical thinking development between experimental and control groups.

the six-step framework proposed by Braun and Clarke to ensure
the systematicity and reliability of the analysis process, whic as
shown in Figure2 (Braun and Clarke, 2006): (1) Familiarizing
with the data: reading the interview transcripts to form an initial
understanding; (2) Generating initial codes: marking the content
units of the text; (3) Searching for themes: clustering related codes
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to form the initial shape of potential themes; (4) Reviewing themes:
checking the matching degree between themes and codes, and
optimizing the theme structure; (5) Defining and naming themes:
precisely defining the connotation of each theme and naming it;
(6) Writing the report: selecting representative original materials
to clearly present the analysis results in the research. This analysis
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Familarizing with the Data
Reading, re-reading, and transcriping

data.

Generatine Initial Codes
Highliging interesting parts,

creating labels

Searching for Themes
Grouping codes into potential

themes

Defirine & Naming Themes
Checkng themes against codes &

entire dateset

Producing the Report
Presenting clear definysis with examples.

¥

Ensuring Systemaicity and Reliability in Qualtative Research.

)
i

5]

Step 4:

R| |

Step 6:

@.

FIGURE 2
Thematic analysis process.

helps to understand the impact of Al tools on students’ critical
thinking in their professional learning experience from a design
perspective, thereby effectively complementing the quantitative
research results.

This study had already undergone review and approval by the
ethics committee of the host university before its implementation.
All participants were informed of the purpose of the study, the
process and potential risks, and signed an informed consent form
before data collection. Participation was entirely voluntary, and
students were informed that they had the right to withdraw from
the study at any time without facing any penalties. To protect
the privacy and confidentiality of the participants, all collected
data have been anonymized. Additionally, any design works and
learning records generated during the seminar are regarded as
confidential research materials and will not be used for any non-
research purposes or evaluations.

3.3 Instruments
3.3.1 Critical thinking assessment tool
This study adapted the Chinese version of the Critical

Thinking Disposition Scale (CTDI-CV) to assess students’ critical
thinking levels before and after intervention. The original scale

Frontiers in Psychology

10.3389/fpsyg.2026.1806913

assesses seven aspects of critical thinking: truth-seeking, openness,
analytical thinking, systematic thinking, confidence in critical
thinking, curiosity, and cognitive maturity, using a 6-point
Likert scale, ranging from 1 (strongly disagree) to 6 (strongly
agree). Higher scores indicate a stronger tendency toward critical
thinking. While the original scale comprises 70 items across
seven dimensions, a shortened version was developed to minimize
participant fatigue and ensure response quality within the intensive
design workshop context. Through a systematic content validity
evaluation, two design education experts and one psychometrician
reviewed the items to ensure alignment with the design-
thinking process. Ultimately, it retains five dimensions suitable for
design research: openness, analytical thinking, systematic thinking,
confidence in critical thinking, and cognitive maturity. These
dimensions are all closely related to design. Items were selected
based on their factor loadings in previous validation studies and
their relevance to creative problem-solving. Finally, three questions
were chosen for each dimension to ensure their linguistic and
cultural context was consistent with the design context.

To ensure the validity of the scale, we measured its reliability
and validity. The overall content validity index (CVI) of the CTDI-
CV is 0.89, indicating satisfactory content validity. To evaluate
the internal consistency of the scale, a reliability analysis was
conducted. The overall Cronbach’s a coefficient of the CTDI-CV is
0.90, and the a coefficients of each subscale range from 0.61 to 0.74,
reflecting satisfactory internal consistency for each dimension.

4 Results

4.1 Quantitative analysis results

This section presents the quantitative and qualitative analysis
results of the CTDI-CV scores. Table 2 summarizes the descriptive
statistics of the pre-test and post-test scores of the experimental and
control groups. It shows that the average score of the experimental
group increased by 3.29 points, while that of the control group only
increased by 0.81 points. This indicates that the progress of the
experimental group was more significant. The experimental group
also demonstrated greater dispersion in the differences between the
pre-test and post-test, with a wider range of individual variations,
suggesting that the intervention effect may be more significant
among different individuals.

Table 3 presents the results of paired comparisons between pre-
test and post-test. After conducting a normality test, it was found
that the differences between the pre- and post-tests for both groups
did not satisfy the assumption of normal distribution (Shapiro-
Wilk test, p < 0.05). Therefore, the Wilcoxon signed-rank test
(Wilcoxon symbol rank test) was used to examine the differences in
the pre- and post-test scores between the experimental group and
the control group.

The results showed that although the control group exhibited
a certain degree of score improvement between the pre-test and
post-test, this difference did not reach a statistically significant
level (p = 0.1039). This indicates that under the condition of no
intervention, the variation in students scores is limited, and it
may mainly reflect the time effect. In contrast, the experimental
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TABLE 2 Descriptive statistics for pre-test and post-test scores by group.

Pre-test mean & SD

Post-test mean & SD

10.3389/fpsyg.2026.1806913

Mean difference 4+ SD

Range of difference

Control 32 51.31 £6.19 52.12 £6.38

0.81 £ 3.15 [-7,7]

Experimental 38 52.08 £+ 7.02 55.37 +£7.14

329+ 3.76 [~1,16]

TABLE 3 Paired comparisons between pre-test and post-test scores.

Normality test (Shapiro—Wilk)

Statistical test

Conclusion

Control W =0.9013, p = 0.0067

Wilcoxon signed-rank test

0.1039 Not significant

Experimental W =0.8667, p = 0.0003

Wilcoxon signed-rank test ‘

<0.001 Significant (Post-test > Pre-test)

group showed a larger improvement between the pre-test and post-
test, and the difference reached a statistically significant level (p <
0.001), indicating that under the experimental condition, students’
performance improved significantly.

It should be noted that the paired test analysis only compares
the pre-test and post-test within the same group. It cannot
directly draw a causal conclusion that the experimental group
is superior to the control group. The significant improvement
in the experimental group may be related to the intervention,
but it could also be influenced by factors such as initial level
differences, individual differences, and other factors (Niu et al.,
2025). Therefore, further tests using inter-group comparison
methods are still needed to verify whether the difference in
post-test performance between the experimental group and
the control group is significant after controlling for the pre-
test levels.

To test whether there were differences in the post-test scores
between the experimental group and the control group after
controlling for the pre-test scores, we conducted an ANOVA. In this
model, the post-test scores were the dependent variable, the group
(experimental group vs. control group) was the fixed factor, and
the pre-test scores were the covariate. Table 3 presents the results
of the ANOVA unstandardized regression coefficients. As shown
in Table 4, the covariate (pre-test scores) could significantly predict
the post-test scores (p < 0.001), indicating a significant correlation
between the baseline scores and the outcome scores. Importantly,
after adjusting for the pre-test scores, the group effect remained
statistically significant (B = 2.57, p = 0.003), suggesting that the
post-test scores of the experimental group were significantly higher
than those of the control group.

The observed net gain of 2.57 points carries substantial
pedagogical weight. In terms of effect size, the Partial Eta Squared
indicates a medium-to-large effect size, suggesting that the
intervention independently explains 12.6% of the variance in
learning outcomes after adjusting for initial proficiency. This
demonstrates that the teaching model is not only statistically
significant but also has strong applicability in actual teaching
practice. This difference represents approximately 0.40 standard
deviations. In an educational context, this magnitude of
improvement suggests that an average student receiving the
intervention would outperform 66% of students in the control
group. This result indicates that the intervention received
by the experimental group did not merely produce a natural
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improvement related to the time effect, but rather generated an
additional promoting effect beyond that of the control condition.

Based on the comprehensive analysis results within and
between groups, although the control group did not show
significant improvement, the experimental group not only achieved
significant progress in its own pre- and post-tests, but also remained
significantly superior to the control group after controlling for
baseline differences. This to some extent supports the conclusion
that feedback and evaluations from artificial intelligence tools
have a positive effect on enhancing the critical thinking skills of
design students.

4.2 Qualitative analysis results

This thematic analysis focused on exploring how feedback and
evaluation activities supported by artificial intelligence can promote
the development of critical thinking among design students. From
the interview data, three interrelated themes were extracted: (1)
Cognitive participatory evaluation activities; (2) Feedback-driven
reflective activities; (3) Scaffolded analytical reasoning.

Firstly, assessment activities supported by artificial intelligence
are believed to facilitate higher levels of cognitive engagement.
For instance, Student 4 stated that artificial intelligence-assisted
debates encourage them to “express their ideas more clearly,
and the immediate feedback during the debate process helps
them re-evaluate and refine their arguments (Student 3 and
7). Some students repeatedly emphasized in the interviews the
importance of the immediate and personalized feedback provided
by artificial intelligence tools, which enables them to identify
errors, recognize misunderstandings, and reflect on their reasoning
processes (Student 12 and 22).

Furthermore, some students emphasized that the Al-assisted
design tools helped them organize their thoughts, making the
relationships between concepts clearer, thereby facilitating deeper
connections among design elements. For instance, Student 10 said:
“I thought that elderly-friendly design should have larger fonts in
the application, but I forgot that some pop-up windows also require
alonger time.” Additionally, the text-related questions generated by
Al encouraged students to go beyond the comprehension level and
explain, analyze, and evaluate the learning materials (Students 13
and 15).
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TABLE 4 ANOVA regression results.

10.3389/fpsyg.2026.1806913

Predictor B SE t p-value 95% ClI Partial Eta Squared
Intercept 6.7547 3.267 2.068 0.043 [0.234, 13.276]

Group (Experimental vs. Control) 2.5657 0.825 3.108 0.003 [0.918, 4.213] 0.126

Pre-test score 0.8842 0.063 14.133 <0.001 [0.759, 1.009] 0.749

5 Discussion

This study investigated the impact of artificial intelligence-
assisted tools on the development of critical thinking skills
among design students. Both quantitative and qualitative analysis
results indicated that the feedback and assessment practices
facilitated by artificial intelligence could effectively enhance
students’ higher-order thinking abilities and positively contribute to
the development of critical thinking. The thematic analysis revealed
that students generally believe that learning activities supported by
artificial intelligence can significantly enhance their participation
in design, and encourage them to more actively express and defend
their own viewpoints during the learning process, while considering
different perspectives and possible solutions. For design disciplines
centered on creative problem-solving, this is particularly important,
as the design process itself heavily relies on the analytical and
evaluative dimensions of critical thinking (Shively et al., 2018).

This result is also consistent with many previous studies.
Arseven and Bal research demonstrates that when students use
artificial intelligence-assisted tools, they do not merely rely on
simple copying and pasting; instead, they assist in thinking training
(Arseven and Bal, 2025). This also reveals that artificial intelligence
is not merely a simple tool but serves as a mechanism to construct
various elements of design activities and guide design learning
students in analyzing, evaluating, and reflecting on the alignment
between design goals and their own thoughts.

Furthermore, students repeatedly mentioned that the
immediate feedback and correction suggestions provided by
artificial intelligence help to form the iterative learning cycle
of “feedback-reflection-revision” in critical thinking (Atkinson
et al,, 2008; Luo et al., 2025). Existing research generally holds
that this continuous feedback and correction process is a key
mechanism for reflective learning, and it also the important
foundation for the development of critical thinking. In terms
of design education, this learning method is not merely about
mastering knowledge, but rather a cognitive and creative process
that integrates practical orientation and humanistic care, which
helps students constantly examine, correct, and improve their
design judgments in real problem situations (Buchanan, 2004).
For example, in the case study of age-friendly design in this
research, this field not only involves functionality and usability
issues, but also relies heavily on the analysis and evaluation of the
usage context, ethics, and humanistic considerations. These are
precisely the keys to the success of the design (Liu et al., 2026,
2025).

In the workshop teaching scenario of this study, although the
control group showed a slight improvement between the pre-test
and post-test, this change did not reach the statistical significance
level. This indicates that relying solely on the passage of time or
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routine classroom activities to generate a time effect is insufficient
to significantly promote students’ critical thinking development in
the short term. This result to some extent reflects that, within the
limited classroom time, teachers find it difficult to attend to all
students and provide targeted feedback support continuously. For
design disciplines that focus on critical judgment and reflective
decision-making, this problem may be particularly prominent.
The findings of this study also indirectly suggest that in short-
term workshop teaching, simply “learning by doing” may not be
sufficient to promote significant development of critical thinking,
and a timely feedback mechanism is needed to more effectively
facilitate students’ transition from experiential activities to deep
cognitive processing.

6 Implication and limitation

Based on these findings, this study provides several practical
implications for integrating workshop-based teaching and artificial
intelligence tools in design education. Firstly, the research results
indicate that merely relying on practical activities and time
accumulation in workshops may not effectively promote the
development of students’ critical thinking in the short term.
Therefore, in design tasks that are based on user-centered design
and are suitable for the elderly, it is necessary to introduce more
structured cognitive support mechanisms to compensate for the
practical limitations of teachers, who may have difficulty providing
continuous and personalized guidance to all students within the
limited teaching time.

Secondly, the value demonstrated by the artificial intelligence
tools in this study does not lie in replacing teachers. Instead, it lies in
serving as a cognitive framework that can be used for self-thinking
training and evaluation. By embedding these artificial intelligence
tools into some key aspects of the design workshops, it can
effectively enhance students’ reflective and self-regulated learning
processes, thereby promoting their critical thinking development
at the analytical and evaluative levels.

Furthermore, this study has some limitations. The main
limitation is that self-report measurement relying on critical
thinking may introduce bias. This is particularly true for care-
oriented design, where practical outputs may be more relevant
than self-report methods. Additionally, the sample size of this
study, limited to only one university in China, may restrict
the general applicability of the results. Future research should
include larger and more diverse samples and employ multiple
data collection methods based on behavior or practice to validate
the findings. Furthermore, due to discrepancies between the
measurement dimensions and the theoretical framework. The
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CTDI-CV scale used in this study measures students® critical
thinking inclination during the design process—that is, their
willingness to actively reflect and analyze—but this still differs from
their actual critical thinking skills. Although data demonstrates
that AI tools significantly enhance students’ thinking inclination,
this does not directly equate to a substantial improvement in
their argumentation, evaluation, and decision-making abilities.
Future research should introduce process-based task assessments
to further verify whether improvements in thinking inclination can
effectively translate into higher-quality actual design outputs.

7 Conclusion

This study explored the role of artificial intelligence-
assisted tools in supporting the development of critical thinking
among design students. Quantitative results indicated that, after
controlling the pre-test level, the experimental group that used
the artificial intelligence tools performed significantly better in
the post-test in terms of critical thinking compared to the control
group that did not use the tool. This result suggests that the
learning intervention provided by the artificial intelligence-assisted
tools can effectively enhance students’ critical thinking in design.
Qualitative analysis further revealed the possible mechanisms
behind this effect, including promoting students’ reflection
and revision during the design process, which supports their
cognitive development at the level of analysis and evaluation. Our
experiment also demonstrated the positive effect of introducing
artificial intelligence-assisted design tools on the development of
students’ advanced cognitive abilities. We recommend establishing
structured courses in design education to better utilize the feedback
and evaluation functions of artificial intelligence. This study not
only contributes to the application of artificial intelligence in
design education but also provides practical verification of the
effectiveness of artificial intelligence technology.
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