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Abstract. This study aims to: (1) describe students' critical thinking skills on climate change material after
participating in learning using Project-Based Learning (PjBL) assisted by ChatGPT; and (2) determine the effect
of implementing Project-Based Learning (PjBL) assisted by ChatGPT on students' critical thinking skills on
climate change material at SMAN 1 Pleret. This study uses a quantitative approach with a quasi-experimental
method using a Nonequivalent Control Group Design. The study was conducted at SMAN 1 Pleret with a sample
of two classes, namely the experimental class and the control class, selected using a purposive sampling technique.
The experimental class received ChatGPT-assisted Project-Based Learning (PjBL), while the control class used
Project-Based Learning (PjBL) without ChatGPT assistance. The research instrument consisted of an essay test
of critical thinking skills based on FRISCO indicators (Focus, Reason, Inference, Situation, Clarity, and
Overview) and an observation sheet for learning implementation. Data analysis used descriptive and inferential
statistics, including normality tests, homogeneity tests, and Mann—Whitney tests. The results of the study showed
that: (1) the critical thinking abilities of students in the experimental class showed varying achievements in each
FRISCO indicator, with the Inference indicator obtaining the highest percentage of 68.89% (critical category),
followed by Clarity at 62.78% and Focus at 61.67% (critical category), while Reason at 58.89%, Overview at
58.33%, and Situation at 49.44% were included in the fairly critical category. Furthermore, (2) the implementation
of Project-Based Learning (PjBL) assisted by ChatGPT did not have a significant effect on students' critical
thinking abilities on climate change material, as indicated by the results of the Mann—Whitney posttest value with
Asymp. Sig. (2-tailed) of 0.416 (p > 0.05). However, descriptively, the experimental class's average posttest score
(60.00) was higher than the control class's (56.67). Overall, students' critical thinking skills after participating in
learning using Project-Based Learning (PjBL) assisted by ChatGPT were in the fairly critical to critical category.
Teachers can use this research as a consideration when using Chatbots in the classroom.
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INTRODUCTION

Critical thinking skills are an essential 21st-century competency that must be developed
through the learning process (Diniyyah et al., 2022; Sudrajat et al.,, 2020). The rapid
development of science, technology, and information requires students to analyze, evaluate,
and use this information appropriately to support decision-making (Saefi et al., 2025). Critical
thinking skills are the ability to systematically analyze and evaluate information based on
evidence and reasoning, enabling individuals to make decisions and solve problems
appropriately (Redhana, 2024).

Despite this, students in Indonesia still have not developed critical thinking skills
optimally. Observations and interviews with biology teachers at SMAN 1 Pleret indicate that
students can express opinions and draw simple conclusions but still struggle to provide reasons
to support arguments, evaluate information based on evidence, and defend opinions during
discussions. These findings align with research by Jabar et al. (2025), which reported that high
school students' critical thinking skills were still in the low-to-moderate category, particularly
in the evaluation and inference indicators. This suggests that the learning process still needs
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strategies that provide meaningful learning experiences so students can develop higher-order
thinking skills.

One biology topic with strong potential for developing critical thinking skills is climate
change, as it is directly related to real-world environmental phenomena relevant to everyday
life, such as weather anomalies and extreme temperatures (Schaeffer et al., 2025). Through
observations of ecosystem dynamics, students are not only required to understand the material
theoretically. However, they are also encouraged to analyze causal relationships between
human activities and environmental damage and to evaluate scientific data objectively. This
analytical process enables them to think at the synthesis and evaluation levels when formulating
innovative solutions and designing applicable mitigation and adaptation measures, from the
school level to the broader community (Hiigel & Davies, 2024).

Project-Based Learning (PjBL) is a learning model considered effective in developing
critical thinking skills because it places students at the center of learning through investigation,
problem-solving, collaboration, and project completion (Dobber et al., 2017). During the
learning process, students identify problems, collect and analyze information, develop
solutions, and produce products relevant to the issues being studied. Research by Dywan &
Airlanda (2020) and Wandari et al. (2024) shows that implementing Project-Based Learning
(PjBL) positively impacts students' critical thinking skills because the learning process is
active, contextual, and problem-solving-based.

Furthermore, developments in artificial intelligence (Al) technology are opening up new
opportunities to support the learning process. One widely used Al technology is ChatGPT, a
Generative Pre-trained Transformer-based chatbot that can generate natural language
responses and help students find information, develop ideas, and receive feedback during the
learning process (Kasneci et al., 2023). ChatGPT can support critical thinking because students
can compare information, explore alternative solutions, and verify the information they find
(Costa et al., 2024; Nasr et al., 2025). However, ChatGPT-generated information is not always
completely accurate, so evaluating the sources used is still necessary.

Integrating ChatGPT into project-based learning is expected to strengthen the learning
process because students receive support in seeking information, developing ideas, and
evaluating alternative project solutions, while still analyzing and verifying the information they
obtain. Amaliah & Putri (2026) stated that using Al in project-based learning can help students
obtain initial information and feedback during project completion without eliminating the need
for higher-order thinking. Therefore, combining Project-Based Learning (PjBL) and ChatGPT
has the potential to create a more effective learning experience for developing critical thinking
skills.

Several previous studies have examined the effectiveness of Project-Based Learning
(PjBL) and ChatGPT on critical thinking skills. Research by Dywan & Airlanda (2020) and
Wandari et al. (2024) showed that Project-Based Learning (PjBL) can improve students' critical
thinking skills. Meanwhile, Hadarmawandi et al. (2025) reported that using ChatGPT in
Biology learning yielded better results than conventional learning in improving critical thinking
skills. However, most studies examined these approaches separately. Research integrating
Project-Based Learning (PjBL) with ChatGPT, particularly on climate change at the high
school level, remains relatively limited, so the effectiveness of the combination is largely
unknown.

Based on this gap, this study offers a novel approach by implementing Project-Based
Learning (PjBL) with ChatGPT on climate change and measuring critical thinking skills using
the FRISCO indicators (Focus, Reason, Inference, Situation, Clarity, and Overview). This
study is expected to provide an overview of students' critical thinking skills after participating
in Project-Based Learning (PjBL) with ChatGPT and provide evidence of this model's impact
on those skills. Therefore, this study aims to (1) describe students' critical thinking skills on
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climate change after participating in learning using Project-Based Learning (PjBL) with
ChatGPT and (2) determine the effect of implementing Project-Based Learning (PjBL) with
ChatGPT on students' critical thinking skills at SMAN 1 Pleret.

METHOD

This study employed a quantitative approach with a quasi-experimental method and a
Nonequivalent Control Group Design (Cohen et al., 2018). The researchers chose this design
because the study was conducted in established classes, so they did not randomize subjects into
experimental and control groups. The experimental class received instruction using Project-
Based Learning (PjBL) with ChatGPT assistance, while the control class received instruction
using PjBL without ChatGPT assistance. Before the treatment, both classes took a pretest to
determine their initial critical thinking skills. After completing the learning series, the
researchers administered a posttest to measure critical thinking skills after the treatment.

The study was conducted in the even semester of the 2025/2026 academic year at SMAN
1 Pleret, Bantul Regency, Yogyakarta Special Region. The study population was all 178
students in Grade X Phase E. The sample was determined using purposive sampling based on
equivalence in academic ability, number of students, teachers, and learning schedule. Based on
these criteria, class X E1 (36 students) was designated as the experimental class and class X
E2 (36 students) as the control class.

The research procedure began with developing learning materials and having an expert
lecturer validate the instruments. Next, both classes were given a pretest. Then they received
three sessions of learning using Project-Based Learning (PjBL) syntax, which included: (1)
defining fundamental questions, (2) developing a project plan, (3) developing a project
implementation schedule, (4) monitoring project progress, (5) testing project results, and (6)
evaluating the learning experience (Dobber et al., 2017). The experimental class used ChatGPT
to support information retrieval, idea development, alternative solution development, and
project completion. In contrast, the control class completed all PjBL stages without using
ChatGPT. After the learning process, both classes took a posttest, and the researchers observed
the process throughout.

The researchers collected data through testing and observation. The test instrument
consisted of six essay questions structured based on the FRISCO critical thinking skill
indicators (Focus, Reason, Inference, Situation, Clarity, and Overview) developed by Ennis
(1996). Each indicator was represented by one question so the instrument could measure all
aspects of critical thinking skills. Students' answers were assessed using a scoring rubric
according to the FRISCO indicators. The observation instrument consisted of a learning
implementation sheet structured around the PjBL syntax, with a Guttman scale (score 1 =
implemented; score 0 = not implemented) to ensure the learning implementation aligned with
the research design. A summary of the test instrument grid is presented in Table 1.

Table 1. Critical thinking ability test instrument grid

Essay Question

FRISCO Indicator Measured indicators:
Format

Focus Analyze climate change issues Essay

Reason Provide logical reasons based on evidence Essay
Inference Draw informed conclusions Essay
Situation Analyze climate change situations and impacts Essay

Clarity Explain solutions clearly and systematically Essay
Overview Evaluate and reflect on decisions Essay Question Format
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Before use, two expert lecturers validated all instruments. The validation results indicated
that the research instruments were valid to highly valid, making them suitable for use after
revisions based on validator input.

Data analysis was conducted descriptively and inferentially using IBM SPSS Statistics
25. Descriptive analysis was used to describe critical thinking skills based on the percentage
achievement of each FRISCO indicator, as well as the mean, minimum, maximum, and
standard deviation values of the pretest and posttest results. Furthermore, prerequisite tests
were conducted, including a normality test using the Shapiro—Wilk test and a homogeneity test
using the Levene Test with a significance level of 0.05. Because the posttest data did not meet
the assumption of normality, hypothesis testing used the Mann—Whitney U test to determine
the effect of the ChatGPT-assisted Project-Based Learning (PjBL) implementation on students'
critical thinking skills on climate change.

RESULTS AND DISCUSSION
Results
Implementation of learning

The learning implementation was observed to ensure that the Project-Based Learning
(PjBL) model in both the experimental and control classes was implemented according to the
teaching module. Table 2 presents the results of the learning implementation observations.

Table 2. Learning Implementation

. Group
Meeting Experiment Control Category
1 92.31% 92.31% Very Good
2 90.91% 90.91% Very Good
3 100% 91.67% Very Good
Average (%) 94.43% 91.63%

Based on Table 2, learning implementation in both classes fell within the very good
category. The average implementation in the experimental class reached 94.43%, while the
control class was 91.63%. These percentages indicate that the PjBL syntax can be applied
consistently in both classes, so the treatment provided aligns with the research design. The
difference in implementation percentages is relatively small and mainly due to several closing
activities that were not carried out directly because of time constraints but were still facilitated
through reflection, follow-up discussions, and communication through class groups.

Critical thinking skills

Students' critical thinking skills were analyzed using the FRISCO indicators (Focus,
Reason, Inference, Situation, Clarity, and Overview) to describe their achievements in each
aspect of critical thinking after participating in PjBL-assisted learning with ChatGPT. Table 3
presents the analysis results.

Table 3. Percentage of Achievement of Each Critical Thinking Ability Indicator in the Experimental

Class
Indicator Maximum Score Percentage Category
Score Obtained
Focus 180 111 61.67% Critical
Reason 180 106 58.89% Moderately Critical
Inference 180 124 68.89% Critical
Situation 180 89 49.44% Moderately Critical
Clarity 180 113 62.78% Critical
Overview 180 105 58.33% Moderately Critical
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Based on Table 3, the Inference indicator achieved the highest score (68.89%) in the
critical category, followed by the Clarity indicator (62.78%) and Focus indicator (61.67%).
Conversely, the Situation indicator achieved the lowest score (49.44%) and remained in the
fairly critical category. These findings indicate that students are better able to draw conclusions
and communicate their thinking than to analyze the situation or the problem's context
comprehensively. Table 4 presents a descriptive analysis of critical thinking skills based on the
pretest and posttest results.

Table 4. Results of the Critical Thinking Ability Essay Test of Students

Statistical Values Critical Thinking Skills Critical Thinking Skills
Pretest Posttest
Experiment Control Experiment Control
Number of Students 36 36 36 36
Average 40,65 40,83 60 56,67
Highest Score 50 50 80 80
Lowest Score 30 10 50 3,33
Median 40 43,33 60 56,67
Mode 40 43,33 60 53,33
Standard Deviation 4,49 8,99 8,54 13,80

Table 4 shows that the two classes had relatively similar initial abilities, as indicated by
pretest averages of 40.65 in the experimental class and 40.83 in the control class. After the
learning process, average scores increased to 60.00 in the experimental class and 56.67 in the
control class. Furthermore, the median and mode also increased, indicating a shift toward
improved critical thinking skills. The standard deviation in the experimental class was lower
than in the control class, indicating that student learning outcomes in the experimental class
were more homogeneous.

According to Table 5, before the learning process, most students in both classes were in
the very poor category. After the learning process, the distribution of critical thinking skills
shifted toward the higher category. In the experimental class, no students remained in the very
poor category, while in the control class, three students remained in that category. Furthermore,
students in the good category began to emerge in both classes, indicating an increase in critical
thinking skills after the learning process.

Table S. Frequency Distribution of Critical Thinking Ability Scores

Value Pretest Posttest
Category Range Experiment Control Experiment Control
g f % f % f % f %
Excellent 81'21503 X 0 0.00 0 0.00 0 0.00 0 0.00
Good T1.50<xx= 0 0.00 0 0.00 4 11.11 4 11.11
81.25
. 62.50<x <
Fair 71.50 0 0.00 0 0.00 6 16.67 9 25
poor  PTISXS g 944 13 3611 26 7222 20 55.56
62.50
0<x<
Very Poor a3 75— 29 80.56 23 63.89 0 0.00 3 8.33

Based on Table 5, before the treatment, most students in both classes were in the very poor
category. After the treatment, the distribution of critical thinking skills shifted toward higher
categories. In the experimental class, no students remained in the very poor category, while in
the control class, three students remained in that category. Furthermore, students in the good
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category began to emerge in both classes, indicating increased critical thinking skills after the
treatment.

Prerequisite test
Prerequisite tests include normality and homogeneity tests as the basis for determining
inferential analysis techniques. Table 6 shows the normality test results.

Table 6. Results of the Normality Test of Critical Thinking Ability Data

Class Data Sig Category
Experiment Pretest 0.098 Normal

Posttest 0.001 Abnormal

Control Pretest 0.000 Abnormal

Posttest 0.001 Abnormal

The normality test results in Table 6 indicate that not all data are normally distributed
because the posttest significance value for both classes is less than 0.05. Therefore, the
hypothesis analysis used a nonparametric test. Table 7 shows the results of the homogeneity
test for the critical thinking skills test.

Table 7. Results of the Homogeneity Test of the Critical Thinking Ability Test

Data Class Sig. Description
Pretest Experiment 0.013 Not Homogeneous
Control
Posttest Experiment 0.064 Homogeneous
Control

Based on Table 7, the posttest data have homogeneous variance (Sig. = 0.064 > 0.05),
while the pretest data do not. We used the Mann—Whitney test because the data did not meet
the normality assumption. Table 8 shows the test results.

Table 8. Mann-Whitney Posttest Results
Test Statistic

Critical Thinking Test Description
Mann-Whitney U 576.500 There is no
Wilcoxon W 1242.500 significant
VA -0.813 difference
Asymp. Sig. (2-tailed) 0.416

Based on Table 8, the pretest significance value of 0.229 (>0.05) indicates that students
in both classes did not differ significantly in initial critical thinking skills. After treatment, the
posttest significance value was 0.416 (>0.05), indicating no significant difference in critical
thinking skills between the experimental and control classes. However, descriptively, the
experimental class's average posttest score (60.00) was higher than the control class's (56.67),
indicating a tendency toward increased critical thinking skills in the class that received PjBL
learning assisted by ChatGPT, although this increase was not statistically significant.

Discussion

Students’ Critical Thinking Skills After Participating in Project-Based Learning (PjBL)
The results show that students' critical thinking skills after participating in Project-Based

Learning (PjBL) with ChatGPT assistance ranged from moderately critical to critical. Critical

thinking achievement varied across each FRISCO indicator. The Inference indicator had the

highest percentage, followed by Clarity and Focus, while Situation had the lowest achievement.

This variation indicates that critical thinking skills are not developing evenly across all aspects

218



of thinking.

The high achievement in the Inference indicator indicates that students can draw
conclusions and determine solutions based on the information they obtain during the learning
process. This finding can be explained by PjBL's characteristics, which position students as
problem solvers. During the project, students identify the causes of climate change, analyze
their impacts, compare alternative solutions, and select the most appropriate one (Feigin et al.,
2023). This process aligns with constructivist theory, which states that knowledge is built
through active learning experiences and problem-solving, enabling students to gradually
develop reasoning skills (Muhali & Asy'ari, 2026).

ChatGPT supports this process by quickly providing alternative information and
solutions. However, students do not use the generated information as a direct basis for decision-
making. Students are still directed to verify information through textbooks, group discussions,
and other scientific sources before concluding. Thus, ChatGPT functions as cognitive support
that expands access to information without replacing students' thinking processes (Bai et al.,
2023). This finding aligns with Pelealu et al. (2026), who stated that ChatGPT can support
reasoning skills when used critically and accompanied by an information verification process.
This study also supports Sholeh et al. (2024), who found that PjBL can improve students' ability
to analyze problems and develop evidence-based solutions.

The Clarity and Focus indicators also fall into the critical category. These achievements
indicate that students can identify key issues and communicate ideas systematically. These
results relate to group discussions, project presentations, and feedback, which are part of the
PjBL syntax. Through these activities, students not only develop an understanding of climate
change but also learn to present arguments coherently. This finding supports Rahayu et al.
(2025), which showed that PjBL can develop scientific communication skills, collaboration,
and effective idea delivery.

Conversely, the Reason, Overview, and Situation indicators remain in the moderately
critical category. Low achievement in the Reason indicator indicates that some students cannot
adequately develop arguments supported by scientific evidence. In the Overview indicator,
students are also not yet accustomed to evaluating their decisions. Meanwhile, low
achievement in the Situation indicator indicates that students still struggle to connect climate
change to the real-world context of their surroundings (Aprilianti & Suratsih, 2023). These
results suggest that argumentation, reflection, and contextual analysis skills develop more
slowly than the ability to conclude. This finding aligns with research by Anisa et al. (2025) and
Nuraeni et al. (2025), which state that providing evidence-based reasoning and understanding
authentic contexts requires continuous practice through case analysis, reflection, and problem-
solving activities relevant to students' lives.

The Effect of Project-Based Learning (PjBL) Assisted by ChatGPT on Critical Thinking
Skills

The inferential analysis results indicate that implementing ChatGPT-assisted PjBL did
not significantly affect students' critical thinking skills on climate change. Although the
experimental class had a higher average posttest score than the control class, the Mann—
Whitney test showed a significance value of 0.416 (p > 0.05). Therefore, the hypothesis that
using ChatGPT significantly impacts critical thinking skills cannot be accepted.

This insignificant difference is understandable because both groups received learning
using the PjBL model. According to PjBL theory, identifying problems, designing solutions,
working collaboratively, producing products, and reflecting are processes that intrinsically
train critical thinking skills. Therefore, both the experimental and control classes received
relatively similar learning experiences in developing higher-order thinking skills. The main
difference was the use of ChatGPT as a supplementary learning resource, so this technology
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did not contribute enough to produce a statistically significant difference (Baidoo-anu &
Ansah, 2023). These results are consistent with research by Tassya et al. (2025), which showed
that improvements in critical thinking skills were primarily influenced by the application of
PjBL syntax, not solely by the media or technology used.

These findings also indicate that ChatGPT's effectiveness depends significantly on how
it is used in the learning process. Throughout the study, students used ChatGPT to search for
information, explore alternative solutions, and assist with project design. However, students
still had to verify information from textbooks and other scientific sources. Thus, ChatGPT
serves as a learning support tool, not a substitute for students' thinking processes. This finding
aligns with the views of Amaliah & Putri (2026) and Naurah & Dewantara (2025), who stated
that the benefits of generative artificial intelligence in education depend on the quality of the
learning design, students' ability to evaluate information, the quality of prompts, and teacher
guidance during the learning process.

Furthermore, the three-session treatment duration may have influenced the study results.
Critical thinking is a higher-order thinking skill that develops through continuous practice
(Sudrajat et al., 2023). Therefore, integrating ChatGPT into learning likely requires a longer
implementation period for its impact on critical thinking skills to become more visible. In other
words, the insignificant results of this study do not mean that ChatGPT is useless, but rather
indicate that the use of technology alone is insufficient to improve critical thinking skills
without the support of a learning design that provides opportunities for students to analyze,
evaluate, and reflect on information in depth (Yu, 2023).

The findings suggest that ChatGPT is better positioned as a supporting tool in project-
based learning than as the primary driver of improved critical thinking skills (Sudrajat et al.,
2025). Integrating ChatGPT with PjBL still has the potential to enrich the learning experience
by providing faster, more diverse access to information. However, its success depends on
teachers' ability to design activities that require students to verify information, develop
evidence-based arguments, and reflect on the decision-making process (Lo et al., 2026). Thus,
developing critical thinking skills depends not only on the presence of technology but also on
the quality of learning design that encourages higher-order thinking processes on an ongoing
basis.

CONCLUSION

This study shows that implementing Project-Based Learning (PjBL) with ChatGPT did
not significantly improve students' critical thinking skills on climate change compared with
PjBL without ChatGPT. This finding indicates that the presence of ChatGPT as a supporting
technology does not automatically improve critical thinking skills. The quality of the learning
process better determines the development of these skills, as it encourages students to analyze,
evaluate, verify information, and reflect on their thinking during project completion.
Nevertheless, learning using PjBL with ChatGPT can facilitate the development of students'
critical thinking skills, ranging from moderately critical to critical. The highest achievement
was in the ability to draw conclusions (inference), while the ability to understand the problem
context (situation) still requires strengthening.

The results imply that generative artificial intelligence in learning should be positioned
as a supporting tool (learning support tool) integrated with active learning strategies, not as a
substitute for students' thinking processes. Teachers play a crucial role in guiding students to
verify information, construct scientific arguments, and evaluate decisions so that using
ChatGPT truly supports the development of higher-order thinking skills. Further research is
recommended to implement learning over a longer duration, involve a wider sample size, and
develop more structured ChatGPT utilization strategies, such as prompt engineering training,
information evaluation sheets, or integration with other learning models.
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