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Abstract: This study aims to determine the improvement of critical thinking 
skills of chemistry students through a problem-based learning (PBL) 
learning model on acid-base titration material. The method used is analytical 
descriptive research based on categorizing critical thinking skills with the 
research subject of chemistry education students in a regular class in 2022, 
consisting of 35 students. Data collection of critical thinking skills using 
essay tests reveals critical thinking skills in interpretation, analysis, 
inference, deduction, and evaluation. Research data were obtained from 
pretest and post-test results. The results showed the lowest N-gain value on 
the interpretation indicator and the highest on the deduction indicator, with 
an average N-gain value of 0.59 in the moderate category. This shows 
increased critical thinking skills after being treated using the PBL learning 
model. 
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Introduction 
 

One of the demands of today's modern society is to 
be able to think critically to face global challenges. To 
prepare superior and highly competitive human 
resources, education must equip them with the 
qualifications needed in the 21st century. Developments 
have changed the paradigm that demands an increase in 
the quality of education. Higher education, as one of the 
educational institutions, plays a vital role in producing 
competent graduates based on the demands of 21st-
century competencies, namely 4C competencies 
(Taufiqurrahman, 2023). 4C competencies include 
creativity, critical thinking, communication, and 
collaboration, which are relevant to current 
developments. 4C competencies will make individuals 
able to compete in the future technological era (Partono 

et al., 2021). 
Critical thinking skills are one of the competencies 

needed by today's millennial generation. Rapidly 
developing technology provides easy internet access to 

information from various sources. Strong critical 
thinking skills will help individuals evaluate the 
information obtained (P. A. P. Devi et al., 2023). In 
addition, critical thinking skills will help individuals 
become independent learners who are prepared to face 
changes that occur in society (Prayogi et al., 2022; 
Rahayu et al., 2020; Rimiene, 2002). Oktariani et al. (2020) 
also expressed the same thing, stating that critical 
thinking skills in chemistry align with the importance of 
critical thinking skills in global understanding of 
information. 

Efforts to develop critical thinking skills are 
essential in achieving holistic educational goals because 
these skills focus not only on acquiring knowledge but 
also on the importance of thinking effectively (Rimiene, 
2002). However, the facts in the field show that the 
critical thinking skills of students in Indonesia are still 
relatively low. This condition can be caused by many 
factors, including using learning models that do not 
actively involve students. The emphasis on 
memorization rather than investigation contributes to 
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Indonesian students' lack of critical thinking skills 
(Hamdani et al., 2022). Criticism of the education system 
in Indonesia, which prioritizes the acquisition of 
knowledge rather than its application in life, so that 
educators focus more on how students can master 
concepts rather than on efforts to develop critical 
thinking skills (Putri et al., 2021; Salsabilla et al., 2022).  

Several studies in Indonesia show that students' 
critical thinking skills in chemistry material still need to 
be higher. Manik et al. (2020) concluded that students' 
critical thinking skills in solving two-tier problems were 
still at the inference level. Lusi et al. (2023) concluded 
that students' critical thinking skills with an average of 
37.92 were included in the low criteria, especially in the 
ability to make assumptions. Students' low critical 

thinking skills can be improved by applying a learner-
centered learning model that will provide meaningful 
learning experiences that will encourage the 
development of critical thinking skills (Dharmawati et 
al., 2018).  

Critical thinking skills allow students to evaluate 
and reflect on facts and data; critical thinking is not just 
a tool for solving academic problems (Huber et al., 2016). 

The same thing was expressed by van Brederode et al. 
(2020), who stated that critical thinking skills are a deep 
understanding of information that helps students 
become independent and responsible learners. In 
addition, it helps prepare students to face changes that 
occur in society. Facts on the ground show that students' 
critical thinking skills in Indonesia are still relatively 
low. Many factors cause this condition to occur. 
Teaching methods that do not actively involve students 
in the learning process, emphasizing memorization 
rather than investigation, have been identified as factors 
contributing to the lack of critical thinking skills among 
Indonesian students (Solihati et al., 2018). In addition, 
direct teaching strategies, which place teachers as the 
main focus in the classroom, have hampered the 
development of critical thinking skills among students 
(Fajari, 2021). Other factors, such as students' self-
efficacy, interest in learning, and the ability to express 
ideas that are lacking, influence their critical thinking 
skills (Hyytinen et al., 2018). Several studies in Indonesia 
have shown low critical thinking skills in chemistry 
subjects (Purwanto et al., 2022). 

Problem-Based Learning (PBL) is a learning model 
or constructivist strategy that involves a real-life 
problem as a learning activator. This strategy provides 
opportunities for students to learn to understand 
problems, design solutions, carry out problem-solving, 
and improve problem-solving (Olaniyan et al., 2018). 
According to research conducted by Pohan et al. (2022), 
the critical thinking ability of engineering students of the 
Civil Engineering Study Program, Faculty of 
Engineering UGN Padangsidimpuan, increased by 30% 

after applying the problem-based learning model. Liu et 
al. (2022) concluded that applying the problem-based 
learning model effectively improves critical thinking 
skills.  

Chemical materials can be found in daily 
activities/problems. Therefore, it is necessary to 
improve students' critical thinking skills. Acid-base is an 
important material to understand thoroughly because it 
is the basis for understanding related materials such as 
salt hydrolysis, buffer solution, and solubility products 
(Voska et al., 2000). However, most students still need 
help understanding the concept of acid-base, which is 
thought to be related to the characteristics of the 
material, which is generally a defined concept. Defined 
concepts are ideas derived from abstract objects or 

events (Ertmer et al., 2014; Fajarianingtyas et al., 2018). 
Optimal efforts are needed in the learning process to 
provide a complete understanding. One of them is the 
implementation of innovative learning models. 
Implementing the PBL model is expected to improve 
students' critical thinking skills. This research will 
identify and analyze the effectiveness of Problem-Based 
Learning in improving the critical thinking skills of 

chemistry students. 
Gagne (1970) and Priansa (2010) state that problem-

based learning can be viewed as finding a combination 
of formulas/rules/concepts that have been learned and 
then applied so that students can find ways to solve 
problems in new situations and conditions. Devi et al. 
(2020) added that Problem-Based Learning (PBL) is a 
learning model that focuses on solving real problems 
through the stages of the scientific method so that 
students will gain knowledge and skills in solving 
problems. Another reference states that PBL is a learning 
model that uses problems as a learning context so that 
students learn to think critically, have the skills to solve 
problems, and gain essential knowledge and concepts 
from the material being taught. Arends (2009) argues 
that Problem-Based Learning (PBL) is a learning process 
that focuses on authentic problems so that students can 
compile knowledge, develop inquiry and higher-order 
thinking skills, and have independence and confidence. 
Through PBL Learning, learners will construct 
knowledge through structured real-world problem-
solving efforts. Learning will lead learners to conduct 
investigations to solve problems actively. The learning 
process will shape higher-order thinking skills and 
improve students' ability to think critically. 

According to Arends (2009), the steps or syntax in 
the PBL learning model can be seen in Table 1. Applying 
the PBL model in learning can develop higher critical 
thinking skills for students. Susanti et al. (2017) stated 
that PBL learning is learning that can develop critical 
thinking skills through asking and answering questions 
and analyzing and solving problems individually or in 
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groups. Critical thinking is one of the most essential 
skills, and the Next Generation Science Standard (NGSS) 
emphasizes that students must possess critical thinking 
and communication skills for their future. Critical 
thinking includes cognitive processes that involve 
analyzing and evaluating information and ideas in a 
systematic and disciplined manner. It includes the 

ability to engage in reflective and independent thinking 
and make sound judgments and decisions based on 
evidence and sound reasoning. Critical thinking 
involves open-mindedness, considering alternative 
perspectives, and a willingness to revise one's own 
beliefs and opinions, considering new information 
(Ghanizadeh et al., 2012).

 
Table 1. Syntax of PBL Model 
Phase Educator Activity 

Stage 1: Orient learners to the problem Discuss learning objectives and describe and motivate students to engage 
in problem-solving activities. 

Stage 2: Organizing students in learning Help learners define and organize learning tasks related to the problem 
Stage 3: Assist individual and group 
investigations 

Encourage learners to gather appropriate information, conduct 
experiments, and seek explanations and solutions. 

Stage 4: Develop and present work Assist learners in planning and preparing appropriate outcomes such as 
reports, video recordings, and models and help communicate with others. 

Stage 5: Analyze and evaluate the problem-solving 
process. 

Helping learners to reflect on their investigations and the processes they 
used 

 
The American Philosophical Association outlines 

six essential skills in critical thinking, including 
interpretation, analysis, evaluation, inference, 
explanation, and self-regulation (Facione, 1990). These 
skills form the basis for further development, as the 
proposed skill categories are predominantly: (a) 
focusing on the problem; analyzing arguments; asking 
questions and answering; clarifying and challenging 
questions; assessing the credibility of sources; and 
observing and assessing assumptions (Ennis, 1985); (b) 
verifying hypotheses; providing verbal reasoning; 
identifying uncertainty and making decisions; and 
offering solutions to problems and creativity (Halpern, 
1998); (c) utilizing creative thinking and critical thinking; 

practicing decision making; and solving every day and 
mathematical problems (Perkins et al., 1993). These skills 
are identified as essential elements of critical thinking. 
Critical thinking involves thinking seriously, actively, 
and accurately in analyzing any information received 
with rational reasoning (Liberna, 2015).  Critical thinking 
is used in assessing information and explaining the 
reasons for solving problems (Thomas, 2011). Critical 
thinking is essential in determining decisions and 
overcoming problems during learning and everyday life 
(Snyder et al., 2008). Critical thinking is necessary to 
overcome the problems faced in life. 

The indicators of critical thinking skills by several 
experts are described in Table 2. 

 
Table 2. Critical Thinking Indicators 
Ennis (1985) Krulik et al. (1995) Facione (1990) Synthesis Result 

Providing simple explanations 
Building basic skills 
Summarizing 
Providing advanced explanations 
Organizing strategies and techniques 

Identifying and interpreting 
information 

Analyzing information 
Evaluating evidence and 

arguments 

Interpretation: clarifying meaning 
through categorization and translation. 

Analysis: Identifying and examining 
ideas, arguments, or procedures 

Self-regulation: Self-assessment and 
reflection 

Interpretation  
Analysis 

Inference  
Deduction  
Evaluation 

 

Method 
 

The method used in this research is descriptive-
analytic research based on categorizing critical thinking 

skills. The categorization refers to the N-gain score, 
according to Meltzer (2018). The categories of critical 
skills include interpretation, analysis, inference, 
deduction, and evaluation. Calculation of normalized 
average gain score data (N-gain) using the equation 1. 

 

𝑔 =
𝑆𝑐𝑜𝑟𝑒𝑝𝑜𝑠𝑡𝑡𝑒𝑠𝑡−𝑆𝑐𝑜𝑟𝑒𝑝𝑟𝑒𝑡𝑒𝑠𝑡

𝑆𝑐𝑜𝑟𝑒𝑖𝑑𝑒𝑎𝑙−𝑆𝑐𝑜𝑟𝑒𝑝𝑟𝑒𝑡𝑒𝑠𝑡
   (1) 

 
The average N-gain score obtained is then 

interpreted based on Table 3. 
 

Table 3. N-gain Score Categories 
N – Gain Score Category 

g> 0.7 High 
0.3 < g < 0.7 Medium 
G < 0.3 Low 

 



Jurnal Penelitian Pendidikan IPA (JPPIPA) September 2024, Volume 10, Issue 9, 6464-6472  
 

6467 

The instrument used is a structured essay test of 6 
items on acid-base titration. This instrument reveals 
critical thinking skills in the interpretation aspect of 2 
items and the aspects of analysis, inference, deduction, 
and evaluation of 1 item each. The validity of the content 
of the question is proven by presenting it to a chemist. In 
line with Gregory's (2007) statement, checking content 
validity can be done by asking experts in their fields to 
assess the items that have been made. 

 

Result and Discussion 
 

The scores obtained based on the respective 
question indicators show increased critical thinking 
skills for each indicator. The following is the n-gain 
value of the increase in critical thinking skills indicators, 
which can be seen in Figure 1. 

 

 
Figure 1. N-gain results for each critical thinking indicator 

 
Figure 1. shows that the lowest N-gain value is on 

the interpretation indicator and the highest on 
deduction ability. This shows that students already have 
the initial ability to identify the information provided 
but still need to improve in solving problems. 
 

Table 4. N-gain Score 
Indicators of critical thinking skills N-Gain Category 

Interpretation 0.51 Medium 
Analysis 0.57 Medium 
Inference 0.60 Medium 
Deduction 0.61 Medium 
Evaluation 0.60 Medium 
Average 0.58 Medium 

 
On average, there was an increase in N-gain on all 

indicators of 0.59 in the medium category, indicating an 
increase in critical thinking skills after being given 
treatment using the PBL learning model. This is in line 
with other research that students' critical thinking skills 
have increased after learning activities using PBL-based 
e-modules by 51.41% (Sulhan et al., 2023). Problem-

based learning can improve critical thinking skills 
(Adhelacahya et al., 2023). With the application of 
problem-based learning, critical thinking skills can 
develop. Based on this, learning activities using 
problem-based learning models can be a good enough 
solution to improve students' critical thinking skills. 

 

 
 

 
(a)  

 

 
(b) 

Figure 2. Documentation of student answers on interpretation 
indicators.  a) Correct answer; b) Wrong answer 

 
The interpretation indicator is the first thing that 

students need to do. In interpretation, students identify 
information in the form of what data is known from a 
problem and the problem to solve. The learning process 
with PBL trains students to make initial identification at 
the orientation stage. Students are trained to interpret 
the data in a problem statement at this stage. Based on 
the results of student work, generally, students have 
been able to interpret the data well, as in Figure 2a. Some 
students still need to write about the pH condition of the 
solution, namely before or after adding the reagent. In 
addition, some have written the value of the weak 
acid/base equilibrium constant (Ka/Kb), which needs to 
be mentioned in the problem, like Figure 2b. 

For analysis indicators, students must know what 
data is needed to solve the problem. Organizing 
students to learn in PBL trains students to further 
analyze the data needed for problem-solving. In solving 
problems related to acid-base material, students need to 
analyze whether acids and bases are classified as weak 
or strong acids and bases have reacted or not. Based on 
the results of the analysis, students will know what 
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things are needed to solve the problem. Based on student 
answers, some students have yet to be able to write 
formulas or stages in solving problems like Figure 3a. 
Some directly collate, and the number of moles that react 
and remain like in Figure 3b. 

 

 

 

 
(a)  

 
(b) 

Figure 3. Documentation of student answers on analysis 
indicators. a) Correct answer; b) Wrong answer 
 

 

 
(a)  

 
(b) 

Figure 4. Documentation of student answers on inference 
indicators. a) Correct answer; b) Wrong answer 
 

Indicators of inference: Students then determine the 
formula, method, and stages that must be taken to solve 
the problem. The guiding inquiry stage in PBL helps 
students to conclude the formula, method, and stages of 
problem-solving according to the analysis that has been 
done before. Students are guided to gather appropriate 
information by conducting further literature studies at 
this stage before finally determining the appropriate 
formula, method, and stage. There are several criteria in 
solving acid-base titration, including the formula for 

determining the pH of acids/bases (strong and weak) if 
they have not reacted, the formula for acid/base 
hydrolysis if what remains from the reaction is salt, and 
the acid/base buffer formula if what remains is weak 
acid/base and its conjugates. So that students can choose 
the right formula according to the reaction conditions. 
Based on students' answers, some students have been 
able to write the formula correctly, like in Figure 4a, and 
some still need to be correct. Some students still write 
the hydrolysis formula when NH3 and HCl have yet to 
react, like in Figure 4b. 

 

 

 

 
(a)  

 

 
(b) 

Figure 5. Documentation of student answers on deduction 
indicators. a) Correct answer; b) Wrong answer 
 

Indicators of deduction: Students solve problems 
based on formulas, methods, and stages selected at the 
inference stage. The stage of developing and presenting 
work in PBL trains students to present the results of 
solving a problem in a structured manner. Some 
students used the right formula in their answers like 
figure 5a, but the solution process needed to be 
corrected. Students need clarification about the amount 
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of salt produced by 1.4 mmol, which should only be 0.7 
mol because it has a coefficient of 1 in Figure 5b. 

 

 

 
(a)  

 
(b) 

Figure 6. Documentation of student answers on evaluation 
indicators. a) Correct answer; b) Wrong answer 

 
Evaluation indicators: Students then evaluate 

whether the stages chosen to solve the problem are 
appropriate. The analyzing and evaluating stage in PBL 
trains students to assess the work steps they have set. 
After going through the presentation stage, if the stage 
chosen is correct, it will be given reinforcement, but if it 
is not appropriate, it will be given correction. Based on 
this, students can then conclude that solving a problem. 
In the answers, students generally only write the 
conclusion yes and the pH results obtained, like Figure 
6b, but need to express the logical reasons for the results 
obtained, the formula, and whether the solution used is 
correct, like Figure 6a. 

The effectiveness of applying the PBL model can be 
proven through documentation of student work in 
solving problems based on critical thinking indicators. 
The stages of problem-solving show students' ability to 
identify and analyze information, select logical 
arguments, evaluate arguments, and make conclusions. 
Documentation of student work shows students' ability 
to organize and communicate their ideas clearly and 
structured. 

The results that have been obtained prove the 

effectiveness of the PBL model in improving students' 
critical thinking skills. Learning using the PBL model 
will lead to increased curiosity and motivation so that it 
can be a medium for developing critical thinking 
(Kusumawati et al., 2020). One of the advantages of the 
PBL learning model is that it can train students to use 

various concepts, principles, and skills that they have 
learned to solve the problems at hand. 

In addition, PBL has been shown to have a high 
level of influence (Standardized Mean Difference [SMD] 
= 0.640, p < 0.001) on critical thinking ability with 
heterogeneity (I2 = 82.9%) (Liu et al., 2022). In another 
study, PBL improved nursing students' critical thinking 
(overall critical thinking score SMD = 0.33, 95% CI = 
0.13-0.52, P = 0.0009) compared to traditional lectures 
(Kong et al., 2014). The integration of PBL in learning can 
be a systematic effort to increase the potential of adult 
critical thinking skills to be applied in the world of work 
(Santos-Meneses et al., 2023). 
 

Conclusion 
 

The results showed that the PBL learning model can 
improve critical thinking skills based on the N-gain 
value obtained on each critical thinking indicator, with 
the lowest N-gain value on the interpretation indicator 
and the highest N-gain value on deduction ability. The 
average N-gain value on all indicators is in the medium 
category. The findings of this study add knowledge and 
information about the effectiveness of PBL learning 
models in improving critical thinking skills. Critical 
thinking is one of the abilities in the 4Cs that students 
need to have to face the 5.0 era. 
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