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Abstract: The purpose of this study was to describe the profile of critical 
thinking skills of Phase F students at Al-Azhar Menganti High School in the 
chemistry subject of acid-base material. This research is a quantitative and 
qualitative descriptive research. Data collection techniques are questionnaires, 
tests, and interviews. The research was conducted at Al-Azhar Menganti High 
School with chemistry teachers and 37 students in class XII. The results 
showed that the profile of students' critical thinking skills was low in the 
category of less and very less with only 36.93% of students who were able to 
interpret; 17.12% analysis; 21.17% inference; 33.33% evaluation; and 36.04% 
explanation with the factors that caused the low critical thinking skills of 
students were inappropriate learning models and lack of learning tools that 
could facilitate in improving critical thinking skills. 
 
Keywords: Critical thinking skills; Green chemistry; Problem based learning 

  

Introduction  

 
The expansion of technology and information in the 

age of globalization necessitates pupils possessing 21st-
century skills. Communication, cooperation, critical 
thinking, and creativity are among the skills required in 
the twenty-first century, as per to the Partnership for 
21st Century Skills (P21) established in the United States 
of America (Khoerunisa & Habibah, 2020). Critical 
thinking is one of the abilities that students need to face 
the problems of the twenty-first century. One of the 
characteristics of good education is to prepare students 
to be able to solve problems and challenges in the real 
world (Prabasari et al., 2021). As per to the Merdeka 
Curriculum, one of the most important parts of the 
Pancasila learner profile to cultivate is critical thinking 
skills. In implementing the Merdeka Curriculum, 
students will be given strengthening character building 
based on the values of the Pancasila Student Profile, 
which are: faithful, devoted to God Almighty, and noble; 
independent;  mutual cooperation; global diversity; 
critical reasoning; and creative (Kemendikbud, 2022). 

Critical thinking abilities must be developed so that 
students may process information more wisely and 
solve problems in accordance with current demands and 
the Merdeka Curriculum objectives. 

Critical thinking skills must be taught to students 
because, in an age of complicated information, they must 
be able to sift, analyze, and evaluate information 
objectively in order to make sound judgments (Dewi et 
al., 2024). Critical thinking abilities not only assist 
learners in dealing with academic obstacles, but they 
also aid in the development of adaptation, reflection, 
and problem solving, thus they must be trained. Critical 
thinking skills are the ability to analyze and evaluate 
information in a systematic, reflective, and logical 
manner in order to understand problems, generate valid 
arguments, and make informed decisions based on 
relevant data and knowledge, allowing learners to 
effectively confront challenges and changing times 
(Susanti et al., 2020). Critical thinking skills involve 
questioning facts, concepts, or relationships between 
ideas, regardless of whether they are true or false. 
Critical thinking is also defined as thinking to create an 
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idea, concept, or notion from the outcomes of questions 
that query if the thought is true (Wasahua, 2021). Critical 
thinking abilities can be defined as the ability to 
rationally assess, evaluate, and understand information 
in order to make informed decisions based on relevant 
evidence and expertise. Critical thinking promotes self-
control by interpreting, analyzing, evaluating, and 
explaining data, concepts, and relevant settings. 
Indicators of critical thinking skills include 
interpretation, analysis, evaluation, inference, 
explanation, and self-regulation (Facione, 2015).  

Critical thinking abilities are essential for pupils 
because they allow them to better understand the subject 
matter and examine it. When faced with a problem, 
critical thinkers seek answers based on clear facts and 
evidence. However, the PISA and TIMSS findings show 
that critical thinking skills in Indonesia remain 
inadequate. The PISA 2022 results indicate Indonesia's 
scores for reading literacy 359, math 366, and science 
383. Although Indonesia's ranking rose 5-6 ranks 
compared to 2018, scores nevertheless declined 
internationally because to the impact of the pandemic 
(OECD, 2023). Meanwhile, Indonesia's TIMSS 2015 math 
and science ranking was 44th out of 49 nations, with an 
average score of 397 (Mullis et al., 2015). Indonesia did 
not participate in either TIMSS 2019 or 2023 (Mullis et 
al., 2020).  PISA and TIMSS use HOTS questions. Critical 
thinking is one of the Higher Order Thinking Skills 
(HOTS) (Sudirman et al., 2023). The findings of PISA and 
TIMSS show that students have low critical thinking 
skills. As per to Andraini et al. (2021) research, students 
in class XI MIPA at MAN 1 Bengkulu City's critical 
thinking skills in chemistry lessons are classified as less 
critical, moderately critical, and critical, with an 
interpretation indicator of 40% in the less critical 
category, an inference indicator of 67% in the critical 
category, and an exploration indicator of 63% in the 
moderately critical category. Thus, students' critical 
thinking skills must be enhanced so that they may think 
more critically, rationally, and systematically while 
dealing with difficulties, allowing them to make 
informed decisions based on pertinent facts, evidence, 
and information. 

One of the efforts to enhance critical thinking 
abilities can be done by combining learning materials 
with the real experiences of students in the everyday 
environment, such as through practicum (Kurnia, 2023). 
Practicum is a learning activity that involves students 
directly to make observations/experiments both in the 
laboratory and the surrounding environment 
(Darmayanti et al., 2020). The independent curriculum 
includes learning outcomes based on practical activities 
or students' experiences performing studies and inquiry. 
When implementing the independent curriculum, the 

expected results of students after completing learning 
are designed in the form of learning outcomes, which 
contain the information, abilities, and attitudes that 
students must possess as a result of their learning 
experiences. The learning outcomes are divided into six 
phases in accordance with Kemendikbudristek Number 
32 of 2024, with phase A for grades I-II SD, phase B for 
grades III-IV SD, phase C for grades V-VI SD, phase D 
for grades VII-IX SMP, phase E for grade X SMA, and 
phase F for grades XI-XII SMA. This study focuses on 
phase F of high school chemistry. 

As per to Kemendikbudristek Number 32 of 2024, 
the learning outcomes for chemistry in high school are 
in phases E and F. In phase E, chemistry, physics, and 
biology are taught together. However, as phase F begins, 
these three subjects are split to allow for more in-depth 
investigation. This division allows students to dig 
deeper into chemistry concepts, both theoretically and 
practically. Chemistry is the study of matter, its 
transformations, and the energy required. As a practical 
discipline, chemistry allows students to do simple 
research or practicum using a variety of scientific 
approaches. Practicum activities teach students not only 
theoretical chemistry principles, but also how to think 
critically, communicate effectively, and collaborate in 
groups (Kemendikbudritek Nomor 32 Tahun 2024).  

Based on the Learning Outcomes of chemistry 
phase F, materials that can be practiced include reaction 
rates, chemical equilibrium, acid bases, buffers, 
hydrolysis, thermochemistry, redox and 
electrochemistry, and hydrocarbons (Kemendikbudritek 
Nomor 32 Tahun 2024). This study focused on acid-base 
material because of its characteristics and relevance to 
everyday life, relatively easy to obtain materials, and 
safe to do in the school laboratory. The characteristics of 
acid-base materials focus on understanding the 
correlation between the pH of acidic, basic, and salt 
solutions and their application in everyday life. Acid-
base materials are closely related to the concepts of 
moles and stoichiometry, involving complex chemical 
calculations to determine the concentration and strength 
of acids and bases. Acid-base materials also emphasize 
the development of scientific method skills through 
laboratory practice. Through a comprehensive 
understanding of the profile of critical thinking skills of 
high school students, it is expected to find effective 
learning strategies in improving the critical thinking 
skills of high school students in acid-base chemistry 
lessons. This research needs to be carried out to describe 
in depth the profile of critical thinking skills of phase F 
students on practicum-based acid-base material, as a 
strategic step in supporting the implementation of the 
Merdeka Curriculum and improving the quality of 
chemistry learning in Indonesia. This study aims to 
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describe the profile of critical thinking skills of Phase F 
students at Al-Azhar Menganti High School in acid-base 
chemistry subjects. 
 

Method 
 

This study incorporates both qualitative and 
quantitative research. This study included chemistry 
teachers and Phase F high school students from Al-
Azhar Menganti High School. The study's equipment 
included a learner research questionnaire, a teacher 
interview sheet, and a critical thinking skills test sheet. 
The student research questionnaire is a tool for 
gathering information on students' perceptions, 
experiences, and understanding of critical thinking 
abilities while learning acid-base chemistry. The 
questions in the questionnaire given to students refer to 
the following grid. 

 
Table 1.  Research Questionnaire Grid 
Aspect Question Item 

Acid-base Perception and difficulty level of acid-base 
material 

Learning strategy  The chemistry teacher's strategy at school 
and the strategy that most interests 

students 
Critical thinking  What indicators have I ever practiced 
PBL Have you ever applied PBL and what 

stages have you done? 
Green chemistry Do you know green chemistry and what 

principles have been done? 
Learning tools Learning tools needed to make it easier to 

understand the material 

 
Teacher interview sheets are used to gather 

information from teachers about chemistry teaching and 
their perspectives on students' critical thinking skills. 
Chemistry teacher interview questions refer to the 
following grid. 

 
Table 2.  Interview Grid 
Aspect Question Item 

Learning process Teacher experience in practicum 
chemistry learning 

Learning model  Effective learning models and the 
application of green chemistry 

Critical thinking  The importance of critical thinking skills 
Learning tools  Learning tools needed to make it easier 

to understand the material 

 
 The critical thinking skills test sheet is a tool for 

assessing critical thinking abilities using indicators such 
as interpretation, analysis, assessment, inference, and 
explanation. The critical thinking skills test grids are as 
follows. 

 

Table 3.  Critical Thinking Skills Test Grid 
Question Aspect Indicator 

Formulate a problem Interpretation 
Formulating a hypothesis Inference 
Making a data table Interpretation 
Explaining the relationship Explanation 
Analyzing Data Analysis 
Making conclusions Inference 
Evaluate Evaluation 

 
The supervisor has validated the instrument. The 

research flow can be seen in the following figure. 
 

 
Figure 1. Research flow (Yuliarti et al., 2023) 

 
Data was collected using questionnaires, tests, and 

interviews. Qualitative descriptive approaches were 
used to examine data from the research questionnaire 
and instructor interviews. The qualitative research 
method is a research approach that focuses on an in-
depth understanding of a specific phenomenon or topic 
through descriptive data collecting, such as interviews 
and observations, to study individual experiences and 
perspectives in a broader context (Sahir, 2021). Critical 
thinking skills test data were analyzed descriptively 
quantitatively.  Quantitative research method is a 
research approach that collects and analyzes data in the 
form of numbers and statistics to find patterns or 
relationships, so that the results can be measured and 
compared objectively (Sahir, 2021). The score of 
students' critical thinking skills can be calculated using 
the formula: 
 

 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑡ℎ𝑖𝑛𝑘𝑖𝑛𝑔 𝑠𝑘𝑖𝑙𝑙𝑠 𝑠𝑐𝑜𝑟𝑒 =
𝑆𝑐𝑜𝑟𝑒 𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆𝑐𝑜𝑟𝑒
 𝑥 100  (1) 

 
The score value is then averaged for each indicator 

of critical thinking skills, then can be interpreted in the 
following criteria table. 

 
Table 4.  Interpretation of Critical Thinking Skills Scores 
(Izzah et al., 2023) 
Presentation Criteria 

81% - 100% Very Good 
61% - 80% Good 
41% - 60% Fair 
21% - 40% Less 
0% - 20% Very Less 
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Result and Discussion 

 
Result 

The purpose of this study is to describe the critical 
thinking skills of SMA Al-Azhar Menganti students in 
the chemistry subject of acid-base materials. The study's 
findings include data from instructor interviews, 
student research questionnaires, and critical thinking 
skills tests. On October 29, 2024, the research was done 
at Al-Azhar Menganti High School in Gresik Regency. 
The research subjects for the teacher interview were 
chemistry teachers from Al-Azhar Menganti High 
School, while the pre-research questionnaire and critical 
thinking skills test were conducted on 37 XII grade 
students from Al-Azhar Menganti High School. 

The data from the chemistry teacher interview at 
Al-Azhar Menganti Senior High School were collected 
using the teacher interview sheet instrument. A teacher 
interview sheet is a tool for gathering information from 
instructors about chemistry teaching, including their 
perspectives on students' critical thinking skills and 
appropriate learning approaches. Data from teacher 
interviews were examined using qualitative descriptive 
methods. As per to the teacher interview data, Al-Azhar 
Menganti High School follows the Merdeka Curriculum. 
Although there are basic practical assignments in acid-
base material, most students continue to struggle with it 
due to challenges in linking concepts, theory, and 
practice. Critical thinking abilities are essential for 
teaching kids because they enable them to connect 
concepts, theories, and practices. Acid-base material 
requires practice using a learning paradigm that can 
connect concepts, theories, and practices, such as 
Problem Based Learning (PBL), which begins with real-
world situations and trains critical and scientific 
thinking abilities. Simple practical exercises at Al-Azhar 
Menganti High School did not apply green chemistry 
principles. Teaching materials, such as printed 
worksheets and teaching modules, are more effective 
learning tools.  

Data from pre-research questionnaires were 
analyzed using a pre-research questionnaire instrument. 
The pre-research questionnaire is a tool for gathering 
information about students' perceptions, experiences, 
and understanding of critical thinking abilities while 
learning acid-base chemistry. The results of the pre-
research questionnaire were examined utilizing 
qualitative descriptive methodologies. As per to the data 
from the pre-research questionnaire, students consider 
acid-base material difficult and very difficult with a 
percentage of 43.2% due to abstract material with a 
percentage of 8.1%; material requiring a lot of 
memorization with a percentage of 10.8%; material 
containing too many formulas with a percentage of 

40.5%; and a lack of learning resources with a percentage 
of 40.5%. Chemistry teacher strategies for learning 
chemistry material in the classroom include lectures 
(70.2%), questions and answers (43.2%), and practice 
questions (86.4%), while demonstrations, practicums, 
and group discussions are rarely used. On the other 
hand, 67.6% of students believe that the most successful 
learning approach for mastering chemical curriculum is 
practical. Students were provided opportunities to 
develop critical thinking abilities through scientific 
method exercises during their practicum experiences. In 
practicum activities, 51.4% of students had heard the 
term green chemistry, while 48.6% had not. When 
broken down into 12 principles of green chemistry, 
students who answered that they had applied the 
principle in practicum activities were 35.1% on principle 
1; 18.9% on principle 2; 13.5% on principle 3; 21.6% on 
principle 4; 32.5% on principle 5; 21.6% on principle 6; 
21.6% on principle 7; 18.9% on principle 8; and 13.5% on 
principle. 9; 16.2% on principle 10; 24.3% on principle 11; 
and 32.44% on principle 12. In chemistry class, students 
are asked if they require 86.5% reading materials, 70.3% 
worksheets, 56.8% electronic media, and 2.7% additional 
materials.  Students prefer printed worksheets (81.1%) to 
electronic worksheets (18.9%). 

Data on the outcomes of critical thinking skills 
assessed using a critical thinking test instrument. The 
critical thinking skills test sheet is a tool for assessing 
critical thinking skills based on indicators of 
interpretation, analysis, assessment, inference, and 
explanation. Data on the outcomes of critical thinking 
abilities were investigated using quantitative descriptive 
methodologies. The table below presents data on the 
results of students' critical thinking skills tests. 

 
Table 5.  Critical Thinking Skills Data 
Critical Thinking Skills Presentation Criteria 

Interpretation 35.93% Less 
Analysis 17.12% Very Less 
Evaluation 21.17% Less 
Inference 33.33% Less 
Explanation 36.04% Less 

 
The critical thinking skills of students at Al-Azhar 
Menganti High School are still quite low, with only 
36.93% of pupils being able to interpret in the less group. 
17,12% are able to analyze in the very less category; 
21,17% are able to form inferences in the less category; 
33,33% are able to assess in the less category; and 36,04% 
are able to make explanations in the less category, 
indicating that critical thinking skills need to be 
strengthened further. 
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Discussion 
The independent curriculum aims to achieve 

meaningful and effective learning by developing 
students' copyrights, tastes, and senses as lifelong 
learners with Pancasila character, which is then 
developed in accordance with the three main principles 
of independent curriculum design: (1) competency and 
character development; (2) flexibility; and (3) focusing 
on essential content. The profile of Pancasila students is 
defined as Indonesian students who are lifelong learners 
who are competent, have character, and conduct as per 
to Pancasila's beliefs (Wahyudin et al., 2024). Based on 
the urgency of information and abilities that need to be 
developed in Indonesian students, 6 (six) profile aspects 
were developed, all of which must be developed 
simultaneously in each individual Indonesian student. 
The Pancasila Student Profile includes six dimensions: 
Faithful, committed to God Almighty, and noble;  
Mutual cooperation; Critical Reasoning; Global 
diversity; Independence; and Creativity (Kemendikbud, 
2022).  

When the independent curriculum is implemented, 
the expected results for students after completing the 
learning process are designed in the form of learning 
outcomes, which include knowledge, skills, and 
attitudes that students should have as a result of their 
learning experiences. The learning outcomes are 
organized into six phases: phase A for primary school 
grades I-II; phase B for primary school grades III-IV; 
phase C for primary school grades V-VI; phase D for 
junior high school grades VII-IX; phase E for senior high 
school grade X; and phase F for senior high school 
grades XI-XII. In phase E of senior high school, 
chemistry, physics, and biology are taught as part of 
Natural Science studies. Then, in phase F, elective 
subjects were introduced, separating the chemistry, 
physics, and biology materials to allow for more in-
depth study. In phase F, students can go deeper into 
chemistry lectures, which include theoretical and 
practical studies as well as the development of scientific 
skills. Chemistry is the theoretical and practical study of 
the interaction, structure, and properties of various 
materials, as well as their changes and the energy they 
generate. Chemistry is a practical subject in which 
students are taught to undertake simple scientific 
inquiry on real-world events, build analytical and 
communication abilities, and indirectly shape the profile 
of Pancasila students (Kemendikbudritek Nomor 32 
Tahun 2024). One of the chemical components in phase 
F is acid-base. 

The properties of acid-base materials in learning 
objectives chemistry phase F concentrate on 
comprehending the relationship between the pH of 
acidic, basic, and salt solutions and their practical 

application. Acid-base materials are closely related to 
the ideas of moles and stoichiometry, with complicated 
chemical calculations used to estimate acid and base 
concentrations and strengths. Acid-base materials also 
promote the development of scientific method abilities 
through laboratory practice (Kemendikbudritek Nomor 
32 Tahun 2024). Practicum activities are critical given the 
nature and learning outcomes of acid-base materials. 
Practicum exercises can help students grasp acid-base 
material by integrating concepts, theory, and experience. 
On the other hand, practicum activities can stimulate 
and boost students' enthusiasm for chemistry, with 
67.6% of students indicating that practicum is the most 
effective learning approach for mastering acid-base 
information. Simple practicum exercises exist at Al-
Azhar Menganti High School, but they are rarely used, 
thus most students continue to struggle with linking 
concepts, theory, and practice. Students believe that 
acid-base material is difficult (43.2%) because it is 
abstract (8.1%), requires a lot of memorization (10.8%), 
contains too many formulas (40.5%), and lacks learning 
resources (40.5%). In line with research conducted 
(Awaliyah & Rusmini, 2023) that chemistry subjects are 
often considered difficult because they have many 
abstract and complex concepts.  

Practical activities at SMA Al-Azhar Menganti are 
still infrequent due to a lack of laboratory equipment, 
and practicums can only be simple or based on video 
footage. Despite their importance, practical activities are 
rarely carried out. As per to Suryaningsih (2017), 
practicum activities can help students grasp concepts 
and theories by exposing them to essential tools, 
materials, or phenomena firsthand. As per to Al-Hafidz 
et al. (2024), practicum can develop critical thinking 
abilities by requiring students to comprehend, analyze, 
and evaluate material, as well as solve problems using 
real data and evidence. Acid-base practicum exercises 
not only give direct learning experiences and reinforce 
mastery of chemical topics, but they also help students 
build critical thinking abilities. This means that in order 
to acquire acid-base content, students must engage in 
practical activities that develop critical thinking abilities. 
As per to Sarafina et al. (2024) research, acid-base 
concepts are difficult to understand, necessitating the 
use of critical thinking skills, in which students are 
required to analyze and explain the phenomena or facts 
presented and draw conclusions based on the findings.  

As per to professors at Al-Azhar Menganti High 
School, critical thinking abilities are essential for student 
development since they enable pupils to connect 
concepts, theories, and practices. Critical thinking skills, 
on the other hand, are extremely important to train 
because they teach students how to analyze and evaluate 
information systematically, reflectively, and logically in 
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order to understand problems, produce valid 
arguments, and make the right decisions based on 
relevant data and knowledge, allowing them to face 
challenges and changing times effectively (Susanti et al., 
2020). In short, a critical thinker must be able to: interpret 
various kinds of information; analyze the relationship 
between statements, evaluate the credibility of 
statements, conclude, state results, and self-regulate 
their cognitive activities (Kolsto et al., 2024).  In fact, the 
critical thinking skills of students at SMA Al-Azhar 
Menganti are still relatively low, according to the 
following data. 

 

 
Figure 2.  Critical thinking skills data 

 

The critical thinking skills of students at Al-Azhar 
Menganti High School are still relatively low, with only 
36.93% of students being able to interpret in the deficient 
category; 17.12% are able to analyze in the very deficient 
category; 21.17% are able to make inferences in the 
deficient category; 33.33% are able to evaluate in the 
deficient category; and 36.04% are able to make 
explanations in the deficient category, so that students' 
critical thinking skills need to be improved. Critical 
thinking skills are very important to train students to 
prepare students for the 21st century where future jobs 
are based on analyzing, producing, distributing, and 
consuming information so as to verify the truth and 
conclusions (Yusri et al., 2023). Furthermore Carmona 
(2023) explains that critical thinking is reflective thinking 
and provides the ability to evaluate several questions, 
and is able to defend arguments or statements. Critical 
thinking skills are very important skills because they can 
help learners understand and solve complex problems 
(Dissen, 2023). 

The low critical thinking skills are caused when the 
learning process is still conventional which is teacher-
centered and has not optimized learning activities that 
can improve students' critical thinking skills 
(Widyapuraya et al., 2023). Some of the characteristics 

that influence the critical thinking skills of Al-Azhar 
High School pupils include: Inappropriate learning 
models; a lack of learning tools to help improve critical 
thinking abilities. In line with research conducted 
(Chairatunnisa et al., 2023) the selection of the right 
model and the selection of learning tools as needed can 
encourage the improvement of critical thinking skills in 
accordance with curriculum objectives and prepare 
students in the 21st century.  The first factor is an 
unsuitable learning model. As per to the Chemistry 
Teacher at Al-Azhar Menganti High School, acid-base 
material must be practiced using a learning model that 
connects concepts, theory, and practice, known as 
Problem Based Learning (PBL), which begins with real-
world problems and trains critical and scientific thinking 
skills (Tefera et al., 2024). As per to Wahyudi et al. (2024) 
research, interactive and problem-based learning 
models or methodologies can help students improve 
their critical thinking skills, and research Quitadamo et 
al. (2008) conducted if the application of problem-based 
models can provide effective results in improving 
critical thinking skills and research conducted Styers et 
al. (2018) that the application of active learning strategies 
can be useful for improving critical thinking. The syntax 
of PBL is as follows. 

 
Table 6.  Sintaks Problem Based Learning (Arends, 2012) 
Phase Description 

Phase 1 Provide problem orientation to learners 
Phase 2 Organize learners to research 
Phase 3 Assisting independent and group investigations 
Phase 4 Developing and presenting work  
Phase 5 Analyze and evaluate the problem-solving process 

 
Problem-Based Learning (PBL) is a learning 

methodology that introduces students to real-world 
situations to help them learn and promotes active 
learning through scientific procedures and group 
discussions, and problem solving (Manasikana et al., 
2022). Problem solving is based on the knowledge that 
learners have and that knowledge can develop into new 
knowledge based on investigation (Asmussen et al., 
2024). Furthermore, employing the Problem Based 
Learning (PBL) paradigm can make students more 
active (Kamala et al., 2022), assist students create new 
information based on concepts that are previously held 
(Usman, 2021), strengthen students' critical thinking 
skills (Zhang et al., 2024), and make it easier to 
understand concepts using crucial issues (Almagribi et 
al., 2024). The main features of PBL are: starting learning 
with a problem to activate learners' interest in learning; 
learner-centered; small group collaboration; teacher as 
facilitator; independent learning (Wijnia et al., 2024). The 
adoption of the Problem-Based Learning (PBL) 
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approach can help students enhance their critical 
thinking skills (Hasanah et al., 2023). 

However, the chemistry teacher's classroom 
learning strategy in the category of always and often 
applied is lecture (70.2%), question and answer (43.2%), 
and practice questions (86.4%), while demonstrations, 
practicum, and group discussions are rarely used. In 
fact, according to research conducted (Zheng et al., 
2023), problem-based learning in practicum is more 
effective when compared to lecture strategies. So 
practicum activities that can increase critical thinking 
skills and are of interest to students (67.7%) are rarely 
used. In addition to the need of practicing critical 
thinking skills, pupils should also be provided 
provisions for caring for the environment and working 
for sustainable development goals (SDGs), hence a green 
chemistry approach is required (Purwanti et al., 2023). 
Green chemistry is a method in chemistry that focuses 
on the application of green chemistry concepts in 
designing, utilizing, and producing chemicals to limit 
the use or manufacture of hazardous products and 
lessen negative effects on the environment and health. 
(Qulub et al., 2023). The green chemistry approach is 
applied with an independent curriculum with the aim of 
strengthening the character of students who care about 
the environment for sustainable development education 
(Jusniar et al., 2023). The application of green chemistry 
can provide benefits for human health, the environment, 
and economic sustainability which are closely related to 
the SDGs (Cahyani et al., 2024). Simple practicum 
exercises at Al-Azhar Menganti High School did not use 
green chemistry ideas. However, 51.4% of students 
understand the fundamentals of green chemistry, whilst 
48.6% have never heard the term.  

 
Table 6.  Green Chemistry Principles (Anastas et al., 
1998) 
Number Principle 

Principle 1 
Avoiding the generation of toxic chemical waste 

takes precedence over handling or cleaning up 
the chemical waste generated 

Principle 2 Atomic saving in designing synthesis methods. 

Principle 3 
Producing chemicals that are harmless to the 
environment and harmless to human safety. 

Principle 4 
Developing safer chemical products that, 

although toxic, function well. 

Principle 5 
Use of safe and less harmful solvents and 

support materials. 
Principle 6 Design for efficient use of energy. 
Principle 7 Use renewable materials. 
Principle 8 Reduction of unnecessary by-products. 

Principle 9 
Use catalysts to improve selectivity and 

minimize energy. 

Principle 10 
Design chemical products from chemicals that 

can be degraded into harmless products. 
Principle 11 Simultaneous analysis to prevent pollution. 

Number Principle 

Principle 12 
Chemicals used in chemical processes are 

selected to be safer to avoid accidents. 

             
Based on the 12 principles of green chemistry, 

students who answered that they had applied these 
principles in practicum activities were 35.1% on 
principle 1; 18.9% on principle 2; 13.5% on principle 3; 
21.6% on principle 4; 32.5% on principle 5; 21.6% on 
principle 6; 21.6% on principle 7; 18.9% on principle 8; 
13.5% on principle 9; 16.2% on principle 10; 24.3% on 
principle 11, and 32.4% on principle 12. Green chemistry 
should be introduced to students in order to instill 
environmental stewardship and assist the Sustainable 
Development Goals. 

The second factor is learning resources. Teachers, 
students, and learning technologies all contribute to 
effective learning (Wibowo & Hidayah, 2016). Learning 
tools are a collection of learning materials or support 
tools used by teachers and students to carry out the 
learning activity process. Learning tools can help 
facilitate the learning process and ensure that it runs 
smoothly (Asapari, 2020). Learning tools are important 
because they contain information, tools, or texts that are 
systematically arranged to train a competency in 
students in the learning process, containing the 
objectives of planning and implementing learning 
packaged in the form of textbooks, handouts, modules, 
LKPD, and others (Sugianto et al., 2023). In chemistry 
class, students are asked if they require 86.5% reading 
materials, 70.3% worksheets, 56.8% electronic media, 
and 2.7% additional materials.  Students prefer printed 
worksheets (81.1%) to electronic worksheets (18.9%). As 
per to the Chemistry Teacher at Al-Azhar Menganti 
High School, the most effective learning tools are 
teaching materials or printed learning media such as 
printed worksheets and teaching modules.  

It can be concluded that in the teaching and 
learning process acid-base materials are needed. First, to 
facilitate meaningful learner-centered learning and help 
teachers achieve specific learning objectives, it is 
necessary to use acid-base materials such as teaching 
modules (Salsabilla et al., 2023). Second, problem-based 
learning worksheets. As per to Hidayah et al. (2024) 
research, PBL-oriented worksheets can improve 
students' critical thinking skills based on the results of 
content and construct validity, which get mode 5 with a 
very valid category; practicality based on response 
questionnaires, with a percentage of 98.44% with a very 
practical category supported by the results of student 
activity observation sheets; and the effectiveness of the 
results in improving critical In addition to more effective 
worksheets for learning, printed forms make it easier for 
students to participate in learning and report learning 
outcomes. Third, electronic reading resources enable 
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students to learn anytime, anyplace. Learning by 
utilizing technology can make students learn more 
enthusiastically, creatively, and create a more pleasant 
learning atmosphere, one of which is using a 
technology-based learning module, namely e-modules 
(Saralee et al., 2024). As per to Ambarsih et al. (2023), 
electronic modules can be employed as a learning tool to 
develop students' critical thinking skills. Electronic 
modules can increase learning by delivering material 
that is more interactive, graphic, and easily accessible to 
students, while also keeping up with the rapid growth 
of information technology (Kristi & Andriani, 2023). 
 

Conclusion  

 
Based on the data and discussion of research on the 

profile of critical thinking skills of Phase F high school 
students at Al-Azhar Menganti High School in the 
chemistry subject of acid-base material, it can be 
concluded that the critical thinking skills of students at 
Al-Azhar Menganti High School are still relatively low, 
with only 36.93% of students able to interpret in the less 
category; 17.12% are able to analyze in the very less 
category; 21.17% are able to Al-Azhar High School 
pupils' low critical thinking skills are caused by two 
factors: improper learning models and  a lack of learning 
resources that can help them improve their critical 
thinking skills. Problem Based Learning (PBL) is a 
learning methodology that begins with real-world 
situations and trains critical and scientific thinking 
abilities using appropriate learning materials. 
Suggestions for educators related to improving the 
critical thinking skills of high school students, especially 
in chemistry, can use a problem-based learning model 
where learning begins with real problems and students 
solve problems through research or simple practicum in 
accordance with the principles of green chemistry so that 
they can train critical thinking skills and care for the 
environment, and use learning tools that can facilitate 
such as teaching modules, wor Suggestions for future 
study include developing chemical learning tools based 
on green chemistry using a problem-based learning 
methodology to boost high school students' critical 
thinking skills. 
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