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ABSTRACT  

 
In previous studies, students who had low critical thinking skills were due to teacher-centered learning. The 

purpose of this study is to determine how the Problem Based Learning model affects students' ability to think 

critically about colloidal material. This research was conducted at SMA N 3 Padangsidimpuan during the even 

semester of the 2024/2025 academic year, namely from January 23 to February 23, 2025. This study used a 

quasi experiment to collect 30 students from the experimental and control classes. In the experimental class 

there were sixteen male students and fourteen female students, and in the control class there were sixteen 

male students and sixteen female students. The data collection method used was purposive sampling. Critical 

thinking ability test in the form of an essay test consisting of ten questions analyzed by t-test as the main 

tool. The hypothesis test results, generated using the SPSS version 28 program, showed that H0 was rejected 

and H1 was accepted because the data was significant at 0.000 <0.05. This shows that the Problem Based 

Learning learning model significantly affects students' critical thinking skills at SMA N 3 Padangsidimpuan. 

The results showed that students' critical thinking skills at SMA N 3 Padangsidimpuan were influenced by the 

application of a significant Problem Based Learning model and provided motivation for them to learn 

Keywords: Critical Thinking; Colloids; Problem Based Learning 

        
 
 
 
 
 
 
 

        

DOI: https://doi.org/10.14421/jtcre.2026.81-04 

 
 
 
 
 
 
 
 

http://ejournal.uin-suka.ac.id/tarbiyah/index.php/jtcre
http://issn.lipi.go.id/issn.cgi?daftar&1463451590&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1462182599&1&&
mailto:indahherawaty320@gmail.com
https://doi.org/10.14421/jtcre.2026.81-04


Herawaty et al.   Problem Based Learning to Enhance Critical Thinking 
in High School Colloid Lessons 

 

35                                                            Journal Tropical Chemistry Research and Education 8, 1 (2026): 34-43 

1. INTRODUCTION  
 
 Education is an important part of human life. It plays an important role in shaping 
human mindset, morals, and behavior to conform to prevailing norms, such as religious 
norms, norms of decency, norms of politeness, and norms of law. According to Law No. 1 of 
2003 on the National Education System, “education is a conscious and planned effort to 
create a learning atmosphere and learning process so that students can learn well and 
successfully.” Higher order thinking skills are important skills that students should have (Da 
Silva dkk., 2025) 
 
 To face the era of good living, education today must teach higher order thinking 
skills. Both personally and professionally, because we are creatures of globalization (Jamil 
dkk., 2024). The Indonesian state must have competitiveness and competitive advantage 
due to the rapid era of globalization and advances in science and technology, especially in 
the field of communication technology (Hasibuan, 2024). This is due to the fact that human 
competitiveness for high intelligence has been challenged by the era of globalization. That 
includes the ability to think critically. 
 
 According to Ennis in the journal, the ability to think critically is very important in 
making decisions about what can be trusted or not (Wason, 2025). That citizens must learn 
to think critically, for the following reasons: 1) citizens are asked to think critically can 
independently seek and select information to be used in life because of the demands of an 
increasingly developing era, 2) citizens are required to think critically and creatively when 
facing problems because we live in a world that is always filled with problems, 3) can see 
problems in different ways, and 4) through critical thinking more can compete fairly and 
cooperate with others critical thinking allows a person to analyze and evaluate (Heydarnejad 
dkk., 2021). 
 
 The Ministry of Education and Culture in 2020 stated that, to encourage students to 
learn to think critically, teachers must provide opportunities for students to actively 
participate in the learning process through observation, questioning, analysis, collecting, 
processing, and communicating data (Hajijah dkk., 2025). However, in practice, many 
educational institutions do not use a student-active learning approach. Thus, it is not 
effective to improve students' critical thinking skills, especially in secondary school lessons 
(Kassim dkk., 2025). According to Jacqueline and Brooks in the journal, not many schools 
teach their students to think critically, think deeply, focus only on the surface of the problem, 
develop new ideas, consider existing conclusions and ask them to give the correct answer 
(R. Sari dkk., 2025) 
 
 Based on research conducted by Redhana, it was found that: 1) chemistry concepts 
are very abstract, so students are quite difficult to understand, 2) many students are not 
ready before learning begins, and 3) lack of activity in the learning process, and 4) students' 
critical thinking skills are still low, as shown by many students who have not been able to 
solve problems well. This is also evidenced by research conducted by (Rini & Aldila, 2023), 
who found that students usually learn. Thus reducing the possibility of making wrong 
decisions in dealing with problems that often occur in life passively, meaning they only 
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receive material from the teacher when they finish learning. As a result, students' critical 
thinking skills are reduced (Putri dkk., 2024) 
 
 Critical thinking skills require practice. Despite this, students' critical thinking habits 
have not yet become second nature in schools. To engage students in active learning, critical 
thinking skills must be developed, practiced and applied consistently in the Curriculum. 
Students' critical thinking skills can be enhanced through activities that require them to 
analyze, synthesize, and evaluate information needed to solve problems and make decisions. 
Therefore, problem-based learning (PBL) models such as this model should be applied in 
the school learning process. This model can help improve students' critical thinking skills 
(’Adiilah & Haryanti, 2023) 

 The process of making decisions and solving problems requires a high level of 
thinking, using critical thinking (Wihardjo & Muktiono, 2024). Problem-based learning 
concentrates on challenging problems that require students to really learn to think critically 
to find solutions, It is expected that this stage will encourage students to improve their 
critical thinking skills, because effective problem solving requires deeper critical thinking 
skills about the problem to be solved. According to research conducted by Knöpfel, students 
can improve their critical thinking skills by participating in problem-based activities (Knöpfel 
dkk., 2024) 

 According to Trianto, the PBL learning model is effective because students are more 
active in thinking and to gain a deep understanding of the material they are learning, the 
group understands the material with the first step by presenting real problems around them 
(Trianto, 2018). Birgili in (Rahmaniati & Rahmadini, 2025) also said the same thing about 
using problems in everyday life. Students' experiences allow them to solve problems in daily 
life. 

 One of the lessons implemented at all levels of education units is Science Learning. 
Science learning requires students to be scientific so that they can hone their critical thinking 
skills (Syofyan dkk., 2025). One of the branches of Natural Sciences is chemistry (Sulastri & 
Silaban, 2025). This lesson includes a variety of problems that if properly stimulated can 
trigger students' critical thinking skills, such as in the Colloidal System material. The 
characteristics of this material are mostly in the form of concepts that have many 
applications in everyday life (Wajipalu dkk., 2025). Learners on colloidal system material, 
namely classifying various types of colloidal systems, and explaining the use of colloids in 
everyday life based on their properties and making food or other products that are colloids 
or involve colloidal principles. Learners must also have the skills and act creatively, 
productively, critically, independently, collaboratively, and communicatively through a 
scientific approach as a development of what has been learned to achieve Basic 
Competencies (KD). So to achieve Basic Competencies in colloidal system material, the 
Problem Based Learning (PBL) learning model is used (N. I. Sari & Ahmad, 2024) 

 According to the KD of colloidal system material, students must be able to make and 
explain because colloidal systems are related to everyday life, the main focus of PBL learning 
model activities is problems that occur in everyday life (Ramadani & Tirtayasa, 2024). 
Students are asked to solve problems through experiments, discussions, and problem-
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solving processes. This activity teaches them the ability to solve problems in groups. 
Problem-based learning (PBL) is considered suitable for colloidal system material because 
the decision-making process requires critical, critical, creative, and innovative thinking skills 
(Suradika dkk., 2023) 

 The results of interviews with teachers at SMA N 3 Padangsidimpuan regarding 
chemistry learning are still dominated by teachers using the direct instruction model. The 
teacher-centered learning process results in students' critical thinking and communication 
skills not developing because students only receive material delivered by the teacher in 
learning. Researchers are interested in exploring further information related to “Problem 
Based Learning to Enchance Critical Thinking in High School Colloid Lessons”. 

 

2. RESEARCH METHODS  

 

 This study used a quasi-experimental research method. This is a type of experiment 
in which the experimental group and control group are given different treatments. The 
experimental technique aims to examine the direct impact of a treatment (Silitonga, 2018) . 
In this study, the experimental class will be treated using a problem-based learning model 
while the control class is given conventional learning treatments, especially lectures and 
questions and answers . 
  
 The design used in this study uses a non-equivalent control group design consisting 
of two experimental and control groups, starting with giving pretests to the control and 
experimental groups and at the end giving postests to the experimental and control groups 
(Sinambela dkk.,  2022) to see if there is a significant effect of the problem-based learning 
model on students' critical thinking skills on colloidal material at SMA N 3 Padangsidimpuan. 
 

Table 1. Research Design 
Class Pretest Treatment Posttest 

Experiment O X O 
Control O Y O 

 

 The population in this study were all students of class XII SMA Negeri 3 
Padangsidimpuan, and the samples used were class XII-1 as the experimental class and XII-
2 as the control class with a total of 30 students each. The sampling technique in this study 
used purposive sampling, namely sampling techniques with certain mining (Sugiyono, 2023). 
 
The research instruments consisted of treatment and measurement instruments. The 
treatment instrument consists of instruments, namely PBL-based Learner Activity Sheets 
(LKPD) and Colloid Teaching Modules. The measurement tool consists of ten critical thinking 
skills questions in the form of essays that have been validated by three experts 
 
 Quantitative analysis is a method used to analyze the data of this study by calculation, 
because it is related to numbers, namely student pretests and postests (Rangkuti, 2016). At 
the initial stage, the collected data were tested for prerequisites, namely for normality and 
homogeneity. Next, a t-test was conducted to evaluate the hypothesis. This was done using 
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the SPSS version 28 program; the criteria for hypothesis testing is that H0 is rejected and H1 
is accepted if Sig < 0.05. 
 
3. RESULTS AND DISCUSSION  

 
 The purpose of this study was to determine the significant effect of the application 
of the problem-based learning model on students' critical thinking skills on colloidal 
material at SMA N 3 Padangsidimpuan. In this study, ten indicators were used to evaluate 
students' ability to think critically according to Ennis. The experimental class was treated 
with problem-based learning model, while the control class was treated with conventional 
learning with lecture and question and answer method (teacher center). Prerequisite tests 
on pretest and posttest data were conducted first. After that, hypothesis testing was 
conducted on both pretest and posttest data from the control and experimental classes. The 
independent sample t-test was conducted using the SPSS version 28 program. 
 
 The results of the pretest data show that the samples are normally distributed and 
homogeneous, and the hypothesis test shows that H0 is accepted, which means that the two 
experimental classes and the control class do not have significant differences in students' 
critical thinking skills. Therefore, both classes are suitable as research samples 
 

Table 2. Hypothesis Test Results of Pretest and Postest in Control and Experiment Classes 

Statistics Pretest Data t Test Posttest Data t Test 

α 
 

0,05 0,05 

Sig 0,284 0,000 

Conclusion 
Sig > α (no 
significant 
difference) 

Sig < α (there is a 
significant difference) 

 

 Furthermore, the results of the posttest data test showed normal and homogeneous 
distribution. The hypothesis test results also show that the data is normally distributed. The 
data showed that students' critical thinking skills in the experimental and control classes 
were different on average, with Sig < α, namely 0.000 < 0.05 at the 5% significance level. 
Thus, H0 is rejected and H1 is accepted. According to the following posttest data, the 
difference in the percentage of students' average critical thinking skills shows a significant 
effect of the problem-based learning model on critical thinking skills at SMA N 3 
Padangsidimpuan. 
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Figure 1. Experimental and Control Class Pretest and Posttest Percentages 

 

 

 There was an unparalleled difference between the mean pretest scores of the 
experimental and control classes, as shown in Figure 1. to the extent that both classes were 
suitable for use as research samples. Overall, after different treatments between the 
experimental and control classes, the posttest scores of the experimental class were on 
average higher than those of the control class. 
 
 The larger number of experimental classes shows that the application of the problem-
based learning model is more effective than learning with lectures and questions and 
answers. Posttest results based on indicators of students' critical thinking skills in control 
and experimental classes are shown below 
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Figure 2. Experimental and Control Class Pretest and Posttest Percentages 

 

 This study used ten indicators of students' critical thinking skills, according to Ennis 
in journal’s (Butler, 2024). The results can be seen in Figure 2. The highest scores were in 
Determining an action; answering questions; observing and considering results; making and 
considering deduction results; Analyzing arguments; interacting with others; making and 
deciding the results of considerations; identifying assumptions; making and considering 
deduction results; and focusing questions. 

 

4. CONCLUSION  
 

 Based on the results of data analysis and discussion, it can be concluded that the 
percentage of students' average critical thinking skills in the experimental class is higher 
(82.8%) compared to the control class (74.7%) and the results of hypothesis testing obtained 
sig data < α, namely 0.000 < 0.05 so that H0 is rejected and H1 is accepted. This shows that 
there is a significant effect of problem-based learning model on students' critical thinking 
skills on colloidal system material at SMA N 3 Padangsidimpuan. 
  
 As a follow-up to the results of the study, several suggestions can be made including: 
1) The Problem Based Learning (PBL) learning model can be applied as a variation of the 
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learning model, especially on subjects whose concepts are related to everyday life; 2) The 
implementation of the Problem Based Learning learning model requires quite a lot of time, 
therefore teachers who want to apply this learning model should be able to manage time 
well so that the stages of the Problem Based Learning learning model are carried out 
optimally. 
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