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INTRODUCTION

Education is a strategic process in shaping quality human resources, serving not only as a means of knowledge
transfer, but also as a vehicle for fostering values, skills, and character in students so that they are ready to face global
challenges (Susanto, 2019). In the 21st century, education is required to produce human resources with four basic
skills, namely critical thinking, creative thinking, collaboration, and communication as preparation for adapting to
the developments of the times (Hidayati & Sinaga, 2019). Critical thinking is one of the main skills that needs to be
possessed because it enables a person to identify, analyze, and evaluate a problem based on logical and rational
thinking (Thornhill-Miller et al, 2023). The urgency of this skill is also reflected in national policy, where the
Merdeka Curriculum places the development of critical thinking skills as one of the profiles of Pancasila students,
who are expected to be adaptive, creative, and globally competitive (Kemendikbudristek, 2022).

Based on the results of the 2022 Programme for International Student Assessment (PISA) survey released by
the OECD, Indonesia still shows low achievements in reading literacy, mathematics, and science, which are closely
related to critical thinking skills. Indonesia ranks 69th out of 81 countries with a reading score of 371, mathematics
score of 366, and science score of 383, far below the OECD average of 480-490 (OECD, 2023). When compared to
other ASEAN countries, Indonesia lags significantly behind. For example, Singapore ranks first in the world with
an average score above 560, while Vietnam, Malaysia, and Thailand also score higher than Indonesia (OECD,
2023). These low scores are consistent with various national studies indicating that Indonesian students' critical
thinking skills remain weak. Research by Benyamin et al (2021) found that the majority of high school students in
Indonesia have difficulty identifying arguments, constructing logical reasoning, and relating concepts to real
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contexts. Similarly, a study by Mayasari et al (2016) confirmed that the level of critical thinking skills among science
students is in the low to moderate category, with the main obstacle being the dominance of teacher-centered learning.

Learning activities are unable to accommodate students' critical thinking skills. Teachers have not paid
sufficient attention to broader areas, focusing instead solely on cognitive aspects, so that students do not have enough
space to develop higher-level thinking skills (Tasrif, 2022). Teachers play a very significant role in determining
success in the learning process (Silaloho et al, 2020). Learning activities that are not oriented towards improving
student abilities can lead to weak student competencies (Saragih, 2020). Teachers act as facilitators during the
learning process by guiding students' exploration, thereby stimulating their higher-order thinking skills (Andriani et
al, 2019).

Chemistry is often considered a difficult subject for students to understand because it requires understanding
at three different levels of representation, namely macroscopic, microscopic, and symbolic, which must be linked
together in the learning process (Ye et al, 2018). This difficulty arises because students must be able to understand
abstract concepts, such as the dynamic nature of equilibrium, Le Chatelier's principle, and their relationship to real-
life phenomena, which cannot be observed directly (Kaya & Kaya, 2025). Research shows that learning chemical
equilibrium requires students to analyze the relationship between factors of system change and their consequences
on equilibrium shifts, thereby stimulating higher-order thinking skills such as analysis, evaluation, and logical
reasoning (Simorangkir & Raidil, 2025). Another study conducted by Pratama et al (2025) confirms that critical
thinking skills are essential in learning chemical equilibrium material to optimize students' chemistry literacy
achievements.

Various challenges in the world of education require a learning model that not only focuses on mastering
material, but also encourages students to develop critical thinking skills in depth. One solution offered is the
application of Problem Based Learning (PBL), because this model places students at the center of learning through
contextual problem solving that is close to real life. Thus, students are encouraged to analyze, evaluate, and construct
arguments based on the information obtained.

PBL can significantly improve critical thinking skills because it requires students to actively ask questions,
collaborate, and seek alternative solutions to a problem (Barakah & Kurniawati, 2025). In addition, PBL fosters
independent learning and integrates interdisciplinary knowledge, so that students not only understand concepts
theoretically but can also apply them in real life. This is in line with findings that the application of PBL at various
levels of education has a significant positive impact on students' critical thinking skills (Junaidi, 2020). With these
advantages, PBL can be a logical and rational learning strategy in facing the demands of 21st-century education,

which emphasizes higher-order thinking skills.

METHOD

This study is a quantitative study with a quasi-experimental design using a pretest-posttest control group
design. This research was conducted in the odd semester of the 2025/2026 academic year at a high school in Sleman
Regency. The population of this study was all 12th grade MIPA (Phase F) students at the high school who took
chemistry, totaling 144 students, and 72 students from two classes were selected as samples using cluster random
sampling. There were 36 students in the experimental class and 36 students in the control class. There were two
classes in this study, namely the experimental class learning chemical equilibrium through the PBL learning model
and the control class learning equilibrium through the direct instruction learning model. The collection technique
used in this study was a test technique to measure critical thinking skills.

The test instrument for measuring students' critical thinking skills adapts several critical thinking indicators
according to experts who have researched aspects and indicators that can be formulated as critical thinking parameters.
In this test instrument, there are five opinions from research by several experts that are used and formulated into five main
indicators for measuring students' critical thinking skills. The formulation of critical thinking skill indicators used in this
test instrument is presented in Table 1.

Table 1. Basis for Adaptation of Critical Thinking Ability Indicators

Expert Expert Opinions
Faccione, P. A (2015) Critical thinking is the ability to interpret, analyze, evaluate, draw conclusions,
provide explanations, and regulate oneself.
Halpern (2014) Critical thinking is not only about understanding arguments but also involves
analysis, evaluation, and the application of logical thinking in real-life
situations.
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Expert Expert Opinions
Robert H Ennis (2018) Critical thinking skills include accurately identifying problems or questions,
analyzing arguments, evaluating sources of information, drawing logical
conclusions, and evaluating and considering issues.
Watson & Glaser (2008) Critical thinking is the ability to identify problems, determine the truth by
evaluating arguments, and draw conclusions based on formulated solutions.
Dwyer, Hogan, Stewart | Critical thinking is the ability to make assumptions, evaluate arguments, and
(2014) draw conclusions.

Based on Table 1, the researchers formulated the indicators in the critical thinking ability test instrument into five
main indicators, namely (1) identifying problems, (2) analyzing problems, (3) reconstructing problems, (4)
evaluating problems, and (5) drawing conclusions.

The research instrument used was a critical thinking test consisting of 10 essay questions. The learning
tools used were Teaching Modules and Student Worksheets that were adapted to the learning model syntax and
had been validated theoretically through expert judgement. The critical thinking test instrument was validated
theoretically and empirically using the Pearson Colleraction Product Moment test, and its reliability was tested
using the Cronbach's Alpha test method, with the test results showing a Cronbach's Alpha value of 0.702 with a
high reliability category. The data collected through the test instruments were pretest and posttest scores. The data
were analyzed using the Independent sample t-test and paired sample t-test to determine the effect of PBL
implementation and the improvement before and after PBL implementation on students' critical thinking skills.

RESULT AND DISCUSSION
Result

The results of the pretest, posttest, and descriptive statistical measurements in the experimental and control classes
in this study are presented in Table 2.

Table 2. Descriptive Statistics Research Results

D .. Pretest Score Posttest Score
escriptive Experimental Control Experimental Control
Sample size 32 30 32 30
Highest Score 42,31 60,26 82,69 64,74
Lowest Score 16,03 16,03 41,03 35,26
Average Score 31,11 36,44 58,71 48,06
Standard Deviation 7,15 10,84 9,41 6,73

Based on Table 2, it can be analyzed that before the implementation of the learning model, the average critical
thinking ability score of the experimental class was 31.11 and that of the control class was 36.44. Meanwhile, after
learning with the PBL learning model in the experimental class and direct instruction in the control class, there was
an increase in the average critical thinking ability score of the students. The average score after implementing the
learning model in the experimental class was 58.71 and in the control class was 48.06. In addition to being
determined from the pretest-posttest scores, the increase in students' critical thinking skills can be analyzed using
the n-gain calculation presented in Table 3.

Table 3. Avarage N-gain score

Experimental Class Control Class
Parameter - -
n-gain Category n-gain Category
Critical Thinking Skill Score 0,40 Moderate 0,17 Low

Based on Table 3, the average n-gain value in the experimental class was greater than that in the control class,
namely 0.40 in the moderate n-gain category, while the average n-gain value in the control class was 0.17 in the low
category. This indicates a significant difference based on the pretest and posttest scores of the two classes calculated
using n-gain.
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Hypothesis testing begins with prerequisite tests consisting of normality and homogeneity tests. Prerequisite
tests are data analysis tests to determine the type of test to be performed, which are divided into two criteria:
parametric statistics and non-parametric statistics. The normality test is conducted to determine the distribution of
pretest, posttest, and n-gain values in the experimental and control classes compared to the normal curve. The
normality test in this study uses the Shapiro-Wilk statistical analysis technique because the number of samples in
the test group is < 50 samples. Table 4 presents the results of the normality test.

Table 4. The Result of Normality Test
Shapiro-Wilk

Data Class i Significance Conclusion
Pretest Experimental 32 0,217
Control 30 0,553
Posttest Ex;ée;;rtr;f;tal 3(2) 8:2;2 The data are normally distributed
N-gain Experimental 32 0,446
Control 30 0,078

In Table 4, the results of the normality test of the overall research data obtained a significance value greater than
the significance level (0.05), so it can be concluded that the research data is normally distributed. Furthermore, a
homogeneity test was conducted to determine whether there were differences in the variance of the data to be used
in the hypothesis test. The homogeneity test was performed using the Levene Statistic Test of Homogeneity
Variance. The results of the data homogeneity test are presented in Table 5.

Table 5. The Result of Homogeneity Test
Levene Test

Parameter Data P Conclusion
df Significance
Based on Mean N-gain 60 0,163 The data is
Pretest-Posttest Score of Exprimental Class 62 0,349 homogeneous

Based on Table 5, the test results show that the significance value for the homogeneity test is greater than the
significance level of 0.05. Thus, it can be concluded that the research data is homogeneous, meaning that there is
no difference in data variance between the n-gain and pretest-posttest data of the experimental class. Both
prerequisite tests have been statistically fulfilled, so that hypothesis testing can be continued using parametric
statistical tests. The hypothesis tests used are the independent sample t-test and paired sample t-test.

The first research hypothesis test, namely the independent sample t-test, aims to analyze the significant
difference in critical thinking skills between students in the experimental class and the control class. This test uses
n-gain score data from the experimental class and the control class. The results of the independent sample t-test can
be seen in Table 6.

Table 6. The Result of Indpendent Sample T-test
Parameter Data Sig. (2-tailed) Conclusion
Equal variances assumed N-gain 0,000 There is a significant difference

The independent sample t-test yielded a significance value of 0.000 (< 0.05), leading to the conclusion that there was a
significant difference in the critical thinking skills of students who applied the PBL learning model and those who applied
the direct instruction learning model. The parameters in this test assume that there is no difference in variance in the test
group data or that the data must be homogeneous.

The second research hypothesis test, namely the paired sample t-test, aimed to determine whether there was a
significant increase in students' critical thinking skills before and after participating in learning by applying the PBL
learning model. This test used pretest and posttest data from the experimental class. The results of the paired sample t-
test can be seen in Table 7.
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Table 7. The Result of Paired Sample T-test
Data Sig. (2-tailed) Conclusion
Pretest-Posttest Score of Exprimental Class 0,000 There is a significant difference

In Table 7, the significance value for the paired sample t-test result was 0.000 (< 0.05), so it can be concluded that
there was a significant difference in the pretest and posttest scores for critical thinking skills among students in the
experimental class. Thus, there was a significant increase in students' critical thinking skills after participating in
learning using the PBL learning model.

Disscussion

This study found that the critical thinking skills of students in the experimental class who used the PBL
learning model were better than those of students in the control class who used the direct instruction learning model.
The results of the independent sample t-test showed that there was a significant difference in critical thinking skills
between the experimental and control classes, with a significance value of 0.000 (< 0.05). This indicates that the
two classes had statistically different mean n-gain scores. In addition to the n-gain scores, there were other statistical
differences between the two classes based on their pretest and posttest scores.

The increase in critical thinking skills can also be analyzed statistically using the average pretest and posttest
scores in the experimental and control classes. A comparison of the two scores for both classes is presented in Figure
1.

Pretest ® Posttest

36,44
OO o 45,06

. 31,11
e N 58,71

Figure 1. Average of Pretest and Posttest Score

Based on Figure 1, there is a statistical difference between the pretest and posttest scores in both classes. However,
both show an increase in critical thinking skills compared to before receiving treatment by applying the learning
model. The critical thinking ability scores in the experimental class increased by 27.6, while those in the control
class increased by 11.62. The difference in the average increase in critical thinking ability scores in both classes was
influenced by the difference in the learning models applied. The increase in the average critical thinking ability score
was higher in the experimental class with the application of the PBL learning model. This indicates that the PBL
learning model is suitable for stimulating the development of students' critical thinking skills. In the PBL learning
model, the syntax or activities carried out by students emphasize the problem-solving process. The problem-solving
process that occurs must go through several stages, including identification, analysis, reconstruction, evaluation,
and drawing conclusions from the problem. These activities have a direct contribution to the thinking skills of
students. Meanwhile, in the control class, there was still an increase in the average critical thinking skills score.
However, the increase that occurred was not significant compared to the increase that occurred in the experimental
class.

The difference in critical thinking skills among students can also be analyzed through the n-gain scores
obtained from the experimental class and the control class. Table 2 shows that the average n-gain score obtained by
the experimental class was 0.40, while that of the control class was 0.17. The n-gain score of the experimental class
was in the moderate category, while that of the control class was in the low category. In more detail, the average n-
gain score for each class can be analyzed by categorizing the distribution of n-gain scores for each student. Figure 2
shows the distribution of n-gain score categories achieved by students in each class.
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Figure 2. Distribution of N-gain Score Category

Based on Figure 2, the n-gain scores in the experimental class had a better distribution than those in the control
class. There was one student in the experimental class who experienced a very significant increase in critical thinking
skills with an n-gain score in the high category. This statistically contributed to the difference in the two average n-
gain scores for the two classes. The distribution of n-gain in the experimental class was 1 student in the high
category, 23 students in the medium category, and 8 students in the low category. Meanwhile, the distribution of
n-gain scores in the control class was 9 students in the medium category and 21 students in the low category. There
was a significant difference between the distribution of n-gain scores in the experimental and control classes. This
indicates that the application of the PBL learning model is more effective than the direct instruction learning model
in improving students' critical thinking skills.

Critical thinking skills have five main indicators that have been synthesized through previous research by
experts in the field of education. These indicators include the ability to identify problems (IP), analyze problems
(AP), reconstruct problems (RP), evaluate problems (EP), and draw conclusions (DC). Interventions carried out in
the learning process using the PBL and direct instruction learning models showed statistically significant differences
in the achievement of each critical thinking indicator. The achievement of critical thinking indicators in the
experimental and control classes can be observed in Figure 3.

1 60,94%
P 54,58%

1 61,45%
AP 46,98% ’

1 — 54.61%
RP 37,08% ’

1 — 62.07%
EP 47,87% ’

1. 59,38%
DC 45,42% ’

m Experimental Class Control Class

Figure 3. Percentage of Achievement of Critical Thinking Ability Indicators

In Figure 3, this study shows that there are differences in achievement for each critical thinking ability indicator in
the experimental and control classes. The achievement of critical thinking skills in the experimental class was as
follows: problem identification (60.94%), problem analysis (61.45%), problem reconstruction (54.61%), problem
evaluation (62.07%), and drawing conclusions (59.38%). The achievement of critical thinking ability indicators in
the control class was problem identification (54.58%), problem analysis (46.98%), problem reconstruction (37.08%),
problem evaluation (47.87%), and drawing conclusions (45.42%). The overall achievement of indicators in the
experimental class was superior to that of the control class. However, there was a similar imbalance between the
experimental class and the control class in that the problem reconstruction (RP) indicator had the lowest
achievement percentage among the other indicators. The indicator with the highest achievement based on its
percentage in the experimental class was the problem evaluation (EP) indicator, while in the control class it was the
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problem identification (IP) indicator. The difference in achievement between indicators in the experimental class
compared to the control class was the smallest parameter in this study to reveal the difference in students' critical
thinking abilities with the application of different learning models.

In the PBL and direct instruction learning models, there are clear differences in terms of the placement of
student learning activities during the learning process. The PBL model places students as discoverers, researchers,
and problem solvers, not just recipients of knowledge (Utami et al, 2017). The achievement of critical thinking
indicators with the PBL model is in line with the principles of constructivism, where students build knowledge
based on experience, namely the problem-solving process (Maulana et al, 2021). In addition, there is a collaborative
process carried out in the PBL model that trains students in the ability to reconstruct and analyze problems.
Collaboration in the PBL model is carried out through group discussions. Group discussion activities strengthen
student interaction in comparing perspectives, constructing arguments, and evaluating the knowledge gained
(Sulaiman & Azizah, 2020). In addition, the PBL model also emphasizes rationality or formal logic. This ability is
related to skepticism, where there is consideration in accepting an argument based on logical and rational thinking
(Atabaki et al, 2015).

CONCLUSION

Based on the results of the research and discussion, it can be concluded that there is a significant effect of
the application of the Problem-Based Learning model on the critical thinking skills of students compared to students
who apply the direct instruction learning model in chemistry equilibrium material. In addition, there is a significant
increase in the critical thinking skills of students after participating in learning that applies the Problem-Based
Learning model. The influence of the PBL learning model needs to be comprehensively applied to other materials
in chemistry learning so that students' higher-order thinking skills can be maximized. The application of the PBL
learning model can be varied with other models or approaches to reveal students' potential and should be carried
out in the long term and continuously.
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