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Students difficulty in relating chemistry concepts to everyday life leads to their inability to explore and
developed skills needed, especially critical thinking, Therefore, this study aimed to develop students’
critical thinking skills by integrating socio-critical and problem-otiented approaches to chemistry learning
with environmental issues in Indonesia context need to be discussed by students. This study involved 36
grade 11 chemistry students from a high school in Jakarta, Indonesia. The qualitative methodology was
employed to analyze students critical thinking development in all learning processes through multiple data
collection of students interviews, reflective journals, classroom observations, worksheets, and researcher’s
notes. Learning was carried out in five stages: textual approach and problem analysis, clarifying the
chemistry background in a lab environment, resuming the socio-scientific dimension, discussing and
evaluating different points of view, and meta-reflection. While the critical thinking skills was assessed
through five indicators developed by SCIT 1020: problem identification, conceptual understanding,
finding relationships between concepts, developing assumptions, and drawing conclusions. The results
illustrate an improvement in students’ critical thinking skills, motivation, and involvement in the learning
process, providing support for using a socio-critical and problem-oriented approach to chemistry learning,
The socio-critical and problem-oriented can be used as an alternative approach to chemistry learning or
other applicable and contextual subjects to increase student activity in the classroom and critical thinking
skills in the learning process.
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1. Introduction

Contemporary education seeks to increase understanding while also producing students with skills to be
agents of change. Technological development is a key aspect of the development of nations and requires
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skilled human resources. Critical thinking skills are essential to support the challenges of the 21st-century
(Alkharusi, Sulaimani & Neisler, 2019; Hashemi, 2011; Saleh, 2019).

Critical thinking is crucial to the success of science learning (Espinosa, Monterola & Punzalan, 2013). It
involves active reasoning and is used to make decisions and evaluate the complex problems of modern life
(Fahim & Pezeshki, 2012). Cognitive development is improved by science learning because it involves
logical reasoning activities such as analyzing, synthesizing, reducing, and inferring (Cheng & Wan, 2017).
Students are required to recognize and solve problems using research, analysis, and evaluation to draw
appropriate conclusions (Conklin, 2012). Learning outcomes improve significantly with an increase in
students’ critical thinking skills (Ghanizadeh, 2017; Han-Yu, Gwo-Jen & Hong-Sheng, 2015; Mulyanto,
Gunarhadi & Indriayu, 2018).

However, a key issue in education is a lack of critical thinking skills. Some studies show that students’
critical thinking skills are not fully developed due to a lack of focus on critical thinking by educators.
Students are still included in the Beginning Thinker level on the critical thinking skills test. (Everett,
Anderson, Wright & Fontana, 2018; Ramos, 2018). Chemistry is a difficult subject for students who seek
interesting and applicative learning. Chemistry study guides are often monotonous and lack relevant
examples; therefore, students are not able to explore and develop their skills, especially critical thinking
(Hakim & Fatmaryanti, 2018; Khasanah & Azizah, 2018). Chemistry learning must relate to the issues
faced in daily life to improve students’ understanding of concepts and increase critical thinking skills.
Thus, contextual learning (CL) is important to be integrated into chemistry learning to produce
meaningful learning for students. CL encourages students to be able to connect academic content with
real situations experienced by students. It is very important to help students store information in their
long-term memory that will be useful for them to apply in real life (Davtyan, 2014). It happens because
the mind will naturally seek meaning in context by looking for reasonable relationships (Hull, 1995). Thus,
learning occurs only when students can process new knowledge that makes sense in their context (Hull,
1995; Johnson, 2002).

The present study is in response to the authot’s observation of poor critical thinking skills in students and
the inference that this may be due to a failure to associate the learning material with real-world
applications or problems. Students are taught the concepts of science without understanding the meaning
or application of that knowledge in daily life and lose motivation as a consequence.

Critical thinking skills, argumentation, and reflective thinking can be developed by socio-critical and
problem-oriented learning through group discussion activities and debates on social-scientific issues
(Amalia, Rahmawati & Budi, 2019; Ridwan, Rahmawati, Nurbaity & Hadinugrahaningsih, 2017). The
socio-critical and problem-oriented approach involves the use of social issues that require reasoning and
can develop students’ critical thinking skills (Feierabend & Eilks, 2011); students’ use critical and creative
thinking (Hadinugrahaningsih, Amalia, Fitriani & Rahmawati, 2019; Rahmawati, Amalia & Budi, 2020;
Ridwan et al, 2017) to develop meaningful argumentation based on evidence and theoretical
interpretation, thereby increasing their interest in science and technology (Feierabend & Eilks, 2011;
Marks, Stuckey, Belova & Eilks, 2014).

The socio-critical and problem-oriented approach adds value to chemistry learning by developing
students’ understanding of chemical concepts and their awareness of the actions required to solve
community problems. This approach enables students to understand the application of the material being
studied, to realize that chemical materials are useful in daily life, and to engage in critical thinking to solve
existing social issues with the knowledge gained.

This study uses acids and bases due to the common application of these materials in daily life and their
relationship to environmental issues. Some studies state that students’ difficulties in learning about acids
and bases can be attributed to misconceptions relating to the acid-base theory, ionic equilibrium in
acid-base solutions, acid-base strength, and pH calculations (Buchori, 2013; Rosalinda & Azizah, 2017,
Tarhan & Acar-Sesen, 2012).

-51-



Journal of Technology and Science Education — https://doi.org/10.3926/jotse.1341

Research by integrating a socio-critical and problem-oriented approach has been carried out by
(Feierabend & Eilks, 2011; Marks et al., 2014) show that relevant learning includes a social dimension to
prepare students to participate in society. However, the development of critical thinking skills and the
involvement of environmental issues have not been discussed in previous studies. Therefore, this study is
accentuated a socio-critical and problem-oriented approach to developing students’ critical thinking skills
through the integration of environmental issue in acids and bases learning,

2. Methodology

A qualitative method was employed to analyze students’ thinking skills development during the integration
of socio-critical and problem-oriented approach into chemistry learning. In qualitative research,
observations are made during the learning process. The research findings or data obtained are descriptive
data in the form of words, spoken or pictures of the research subjects who are observed and analyzed to
draw conclusions based on certain data analysis techniques (Creswell, 2009).

2.1. Research Design

This study was conducted duting the 2018/2019 academic year at a high school in Jakarta, Indonesia.
Participants were 36 grade 11 students, consisting of 14 male and 22 female students. The participants
were observed informally during a chemistry class prior to the commencement of the study and some
students demonstrated difficulty understanding chemistry, low motivation to learn, and unfamiliarity in
applying chemistry concepts that has been learned in school to their daily lives.

The research was conducted in three stages: preliminary, implementation, and final stage as shown in the
following Figure 1.

Preparation of the lesson plan
for the implementation of
socio-critical and problem-

oriented in acid-base learning

with the integration of
environmental issues

Preparation of the research
instrument, such as interview
protocols, reflective journal Preliminary Stage
questions, draft of articles, and
critical thinking concept test

\ 4
Acid-bases learning using the
socio-critical and problem
Data collections: classroom oriented through five stages of
observation, reflective G learning. During the lesson, Implementation Stage
journals, and students’ students divided into six P g
worksheet groups consisting 6 students of
each group
A 4

4 ) 4 N

Data collections: open-ended
test and semi-structured

interview to obtain the
information about students’

perspectives of the learning
process and their critical
thinking skills development

— Analysis of the data collections
based on critical thinking skills Final Stage

indicators developed by SCIT
1020 to draw the conclusions

o /

Figure 1. Research Flow and Data Collections
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The preliminary stage is carried out through various stages, namely: 1) Making observations in schools will
be used as research sites to determine student learning conditions and the environment around the school;
2) Prepare a learning plan for the environmental-integrated acids and bases learning with a socio-critical
and problem-oriented approach under the applicable curriculum; and 3) Designing, validating, and
revising research instruments such as student worksheets, scientific articles, interview protocols, and
critical thinking skills test questions on acid and base topics.

The implementation phase is carried out by applying the Socio-critical and Problem-oriented approach to
environmental-integrated acids and bases learning through four stages of learning depicted in Figure 2
below.

In this study, the textual approach and problem analysis stage is done by the teacher provides media
articles that introduce an acid-base concept or material and its effect on society and the environment. The
participants are divided into 6 groups to discuss an article and define the problem. The issues covered in
the articles and the groups allocated to each article are shown in Table 1.

\ / \ ( Resuming the Socio-Scientific \

Textual Approach and Problem Clarifying the Chemistry

Analysis Background in a Lab Environment Dimension
. Students begin to learn about the Students are given the
Students are presented with ) ) . d d ial
chemical concepts that underlie the opportunity to understand socia

contextual problems through
various media, such as articles, print
and electronic news, and so on. The
topic chosen must be negotiable.

v

issues presented with a combination issues on the form of articles,
of theoretical and experimental- videos, etc, and seek other
based learning as a basis for sources to corroborate their

\ conducting debates. / \ opinions. j

Meta-Reflection Discussing and Evaluating Different
Students are allowed to reflect on the overall learning Points of View
experience by describing roles and evaluating their The teacher divides the groups with
performance. They also reviewed the relevance of the topics pros and cons points of view and
discussed with everyday life to clarify the meaning of learning. moderates the course of debate

Figure 2. Socio-Ciritical and Problem-Oriented Learning Stages (Feierabend & Eilks, 2011)

Groups
Article Articles Title Pros Cons
1 Because of a Speck of Waste, Damaged the Entire Waters 1 VI
2 Are There Benefits of Rainwater? \% I
3 Coal Mining Consequences for Land 111 v

Table 1. Environmental Articles and Groups Distribution on Different Points of View

At the clarify the chemistry background in a lab environment, for example to enhance students’
understanding of the acids and bases concept of the second article, each group collects rainwater samples
from various locations to test the acidity (pH) using an acid-base titration. This practicum aims to clarify
the effects of water pH on the environment. At the resuming the socio-scientific dimension stage, each
group is given the opportunity to analyze the articles and find other sources of information to strengthen
their opinions. Then at the discussing and evaluating different points of view stage, students divided into
pros and cons group, while teacher plays as the debate moderator. Each group convey their thoughts to
defend their opinion on the issue. Finally, the students undertake a meta-reflection, which involves
thinking, analyzing, observing, and reinterpreting the activities and tasks to reflect their experiences as a
form of awareness of the surrounding environment. The students also draw conclusions from these
activities by linked the acids and bases conceptual understanding and real-life situation.
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In the final stage of research, students are given a critical thinking ability test through open-ended
questions. In addition, the researcher conducted interviews with students to find out their views on
learning chemistry using Socio-critical and Problem-oriented in the classroom. Furthermore, the
researchers analyzed the data obtained through various data sources to observe students’ critical
thinking skills developed during the application of Socio-Critical and Problem-Oriented on
environmental-integrated acids and bases learning,

2.2. Data Collection

Data were collected using interviews, observation sheets, reflective journals from students, teacher
observation notes, worksheets (Worksheet-1, Worksheet-2, Worksheet-3) and acids-bases open-ended
tests. The data obtained in this study were sourced from students, researchers, and two observers.

2.2.1. Interviews

Semi-structured interviews were conducted with several open-ended questions posed to students
individually after the learning activities. Interviews were conducted to determine student responses to
environmental integrated chemistry learning using a Socio-critical and Problem-oriented approach. The
following is one of the interview questions asked.

What do you think about the learning that has been done, do you prefer learning with debate and continuned with
practicum or just traditional learning?

2.2.2. Classroom Obsetrvations

The class observation aims to observe how students respond during the implementation of learning in
class. Two observers assisted the researcher when observing learning activities using a Socio-critical and
Problem-oriented approach so that the assessment was not subjective. Observations were carried out in a

semi-structured and direct manner concerning the observed critical thinking indicators developed by SCIT
1020.

2.2.3. Reflective Journals

Reflective journals are given to students at the end of each meeting, Reflective journals are diaries that
students have to reflect on their thoughts or opinions about the learning process. Reflective journals aim
to determine student responses, support or strengthen the results of student observations and interviews
in analyzing indicators of students’ critical thinking skills towards learning that has taken place. The
following is an example of a common question asked in reflective journals.

How do you feel about today’s lesson, are there any obstacles you face?

2.2.4. Teacher Notes

Teacher notes aim to observe how students respond during the implementation of learning using a
Socio-critical and Problem-oriented approach in the classroom. In addition, with teacher’s notes can add
assessments or observations that are not visible to the observer.

2.2.5. Worksheets

Student worksheets are given to students to determine the development of students’ critical thinking skills,
prove, and see the results of practicum related to the implications of Socio-critical and Problem-oriented
approaches to the environmental-integrated acids and bases learning. The student worksheet contains
several questions developed based on the rubric of critical thinking skills. In this study, there are three
worksheets provided following the number of scientific articles used in learning. The following are
examples of questions on worksheets 1, 2, and 3.
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One of the water quality criteria in terms of chemical properties is the degree of acidity (pH). In your opinion, are there
any water guality criteria (in terms of chemical properties) other than pH? If yes, please describe the effect on water
guality! (Worksheet 1)

The Coordinating Minister for Maritime Affairs and Investment, Lubut Binsar Pandjaitan, said that Indonesia strives
to develop electric vebicles domestically. This effort is made to reduce emissions in the surronnding environment. (Reported
by m.merdeka.com). In your opinion, do electric motorbikes or electric cars reduce air pollution, especially acid rain?
Explain your opinion! (Worksheet 2)

According to the Head of General Mining, Distamben Kaltim, Goenoeng Djoko Hadi (2016), coal companies may
produce according to their work plan (exceeding the quota). Provided that their financial and environmental performance
is very good. What do you think abont that statement? (Worksheet 3)

2.2.6. Acids and Bases Open-Ended Tests

The acid and base concept test was conducted with five open-ended questions based on critical thinking
indicators developed by SCIT 1020. This open-ended question test aims to determine the implications of
learning with socio-critical and problem-oriented approaches in environmental-integrated acids and bases
learning on thinking skills. Student. In this study, three experts validated the test questions, consisting of 2
chemistry education lecturers at the State University of Jakarta and 1 class 11 chemistry teacher. The test
was conducted after the learning activities were completed. The following is an example of a critical
thinking ability test proposed.

Researchers in Germany say the carbon dioxide (CO ) absorbed by the ocean adds to the acidity of the oceans and beats
the Earth’s atmosphere. 1t happens becanse when the sea absorbs CO,, the greenhouse gas will cause a reduction in the
ability of the oceans to produce dimethylsulphide (DMS) gas. DMS is a gas that the ocean has made to help cool the
Earth, help condense clonds and reflect sunlight to belp reduce global warming. Depending on the magnitude of the
increase in CO; emissions and other factors, the Intergovernmental Panel on Climate Change (IPCC) predicts ocean
acidity levels will increase by 150 percent by 2100 from the previous level in 2007. The researchers say their findings
prove ocean acidification has the potential to accelerate the occurrence of global warming significantly. (Reported by
greeners.co)

2.3. Data Analysis

In this study, all the data collected were then analyzed using the Miles and Huberman qualitative analysis
technique which consisted of 3 steps: data reduction, data display, and conclusion/verification (Miles &
Huberman, 1994). Data reduction was carried out by selecting student responses according to the
research focus. The data is then organized into different types depending on the Socio-critical and
Problem-oriented learning syntax and the indicators of critical thinking skills developed by SCIT 1020 and
presented through a matrix table or coding

The final goal is to be achieved, aiming to justify/determine the conclusions regarding the Socio-critical and
Problem-oriented approach to developing students’ critical thinking skills in an environmental-integrated
acids and bases learning. At this stage, the researcher looks for patterns, explanations, and relationships
based on the data obtained and analyzed so that the previously incomplete picture becomes more evident
along with the depth of the data analysis results. Verification is carried out in line with the research
process by checking the validity of the data to ensure the credibility of the research results. To test the
validity of the data, credibility criteria used are prolonged engagement, persistent observation, progressive
subjectivity, and member checking (Miles & Huberman, 1994) and trustworthiness of the data (Guba &
Lincoln, 1989). The prolonged engagement was conducted to explore student behavior and attention
during the study (November 2018 to June 2019) and integrate socio-critical and problem-oriented into
acids and bases learning for six weeks. Persistent observation is carried out to observe every behavior and
interaction that occurs during the learning process with the help of two observers. The progressive
subjectivity is carried out to monitor the study results with all data obtained during the study based on the
characteristics of students’ critical thinking abilities. Then, member checking aims to ensure that the data
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collected is accurate and representative according to the participants’ views. All data obtained are kept
ptivate by researchers to maintain participant privacy.

3. Results and Discussion

This research focuses on the development of students’ critical thinking skills by using a socio-critical and
problem-oriented approach to explore acid-base materials present in the environment. Media articles are
used as the primary information source and students are required to analyze and interpret the information.

3.1. Socio-critical and Problem-oriented Learning

Socio-critical and problem-oriented learning includes five stages (see Figure 1) for six meetings. Following
is a description of the five stages in the context of this study.

3.1.1. Textual Approach and Problem Analysis

Textual approach is learning using exact and actual problems discussed controversially in society from
various media sources. The issues selected can challenge students to have different views. Meanwhile,
problem analysis is the process of understanding problems in the real world and proposing solutions to
achieve these goals. (Feierabend & Eilks, 2011). In this stage of the study, students analyze and critique the
media source to establish its authenticity. The teacher provides the three articles and highlights the problems
related to the acid-base material and its presence in the environment as shown in the following Table 2.

No. Article Title Description
Article about waste, if it enters the waters, will pollute the aquatic
1 Because of a Speck of Waste, environment. Waste also has the potential to have benefits for
Damaged the Entire Waters humans and the environment. The teacher hopes that students can

present the advantages and disadvantages of waste.

Article about pollution that will cause rainwater to become very
acidic in the presence of a chemical process called acid rain. Acid
rain causes many losses; students are expected to develop the
benefits and disadvantages of acid rain.

2 | Are There Benefits of Rainwater?

Article about coal mining pollute the soil and water because coal

mining results are acidic, which is often called acid mine drainage.
Students are expected to express opinions about the benefits and
disadvantages of coal mining,

3 Coal Mining Consequences for Land

Table 2. Description of Social Issue Articles Related to the Environmental-Integrated Acids and Bases Concept

The students then seek to understand and analyze the problem in the article. The use of
social-environmental issues articles encouraged students to analyze problems quickly and relate these
contextual issues to the chemistry concepts they are studying.

1t turns ont that there are several social problems in the surrounding environment related to this Acid-Base material, so
we can begin to connect the two things. The social issues presented are also easy to understand (Reflective Journal of
Student 15, 29 January 2019)

Teacher:  What do you think about the articles presented in chemistry learning with a socio-critical and problem-
oriented approach?

Student 29: The problems within these three articles are very easy to understand and unseful. We become aware of the
environment too. Then how to handle it can also be easy. It doesn’t need to be difficult to do.
(Interview of Student 26, 30 January 2019)

Based on the evidences above, students can analyze the problem quite well because the articles given by
the teacher are pretty easy to understand and controversial in the surrounding environment. Students feel
motivated by the social issues contained in the article than focused largely on delivering the content
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(Rahmawati & Taylor, 2015). This is because they can see the relevance; the articles encourage and enable
students to actively evaluate both the advantages and disadvantages of science in their lives (Gutierez,
2014; Rahmawati et al., 2020).

3.1.2. Clarifying the Chemistry Background in a Lab Environment

The stage of problem clarification through practicum focuses on clarifying the chemical concepts behind
a social issue to stimulate students’ scientific abilities. Marks et al., (2014) state that problem clarification
through practicum is an action that aims to obtain an explanation of the problem related to the level of
students’ understanding through a practicum. At this stage, the clarification of the situation is done
through practical activities. Concerns on social issues that have been submitted will be proven through
practical exercises so that students can construct their thoughts on social and environmental issues that
are clarified with simple, practical methods.

For example, to clarify the concept of chemistry in the second article, students were assigned to collect
rainwater from their homes. There are six samples of rainwater obtained from different places in Jakarta
and its surroundings to test the acidity (pH) level with an acid-base titration practicum. The
implementation of laboratory activities increases students’ enthusiasm and motivation to learn.

Wow, this is like magic. The initially colorless rainwater turns pink. The color change also doesn’t immediately turn
pink; it disappears and then becomes light pink. Yay, I'm thrilled to succeed in this experiment. It seems I can become a
chemist. (Researcher’s Notes of Student 12, April 10, 2019)

Based on the results of pH calenlations from the experiment, does your tested raimwater include in the acid rain category?
Yes, the raimwater that my group ftested is acid rain because the pH is less than 7, which is 5.96. The acid rain
containing HHINO;, it can be occnr due to the reaction between the evaporate water and nitrogen gas (which bas
composition about >70%) in the air. (Worksheet 2 of Student 35, 23 April 2019)

Based on the description above, students seemed very enthusiastic about doing an acid-base titration
practicum to understand better the chemistry concepts that are the background in the article presented. It
is in line with the study of Astuti, Andayani, Al-Idrus and Purwoko (2019), that students seem enthusiastic
about the practical method based on everyday life because it has a positive influence on students’ science
process skills, compared to conventional practicum methods. Futhermore, the practical exercise actively
engages the students in chemistry learning, thus developing their conceptions (Prima, Utari, Chandra,
Hasanah & Rusdiana, 2018), conceptual and theoretical knowledge, scientific inquiry skills,
problem-solving abilities and awareness of the interactions between science, technology, society, and the
environment (Hodson, 1996).

3.1.3. Identifying the Socio-scientific Dimension

This stage focuses on summarizing the facts in the information to strengthen the argument to develop
reading interest and be critical in finding other references. Marks et al. (2014) state that summarizing the
socio-scientific dimension is a way of reflection that expands scientific information to support individual or
community decisions. Students search for scientific information from various sources and critically evaluate
the references before they are used, to broaden and strengthen the facts presented in the debating activity.

Before the debate begins, students look for other sources relevant to the issue/ problem that will be debated in their
respective groups. Cooperation between groups is quite good. (Classroom Observation, 29 January 2019)

I look for other sources on the internet then when we have the topic of onr conversation, we immediately discuss and note
50 as not to forget when we want to express an opinion. Then if something is still lacking, we look for it again.
(Interview of Student 30, 30 January 2019)

Based on the research evidences above, students have prepared debates well enough to add insight about
social issues to strengthen their opinions. Students improve their critical thinking skills by analyzing and
synthesizing information on scientific social issues. The research required to support arguments that have
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moral and ethical consequences encourages consideration of actions in local contexts (Burek & Zeidler,
2015). This finding is also in accordance with Eilks, Marks and Feierabend (2008) which states that the
Socio-critical and Problem-oriented approach can add insight to science and enhance collaboration
between groups, increase the interest in science and technology, and students can demonstrate the
relevance of science in social discussion and decision making;

3.1.4. Discussing and Evaluating Different Points of View

This stage involves the debate of social issues from different perspectives, and enables students to engage
in a discussion according to the available evidence. Discussion and evaluation from different points of
view is a way to unite the decisions of each individual by explaining, evaluating, and comparing different
perspectives on the problem (Stolz, Witteck, Marks & Eilk, 2014). In this study, students are divided into
two groups of different points of view to debate about the theme that has been specified (see Figure 3).

Figure 3. The Debate on the Second Article “Are There Benefits of Rainwater?”

Cons: In onr opinion, acid rain does more harm than good.

Pros: Rainwater has many benefits for the environment, such as agricultural irrigation, preventing soil erosion, and
generating electricity. In addition, raimwater plays a vital role in human life, namely for drinking water supplies,
bathing, washing, and others.

Cons: But did you know that there is a rain phenomenon that contains acid compounds? Yes, acid rain has a high acid
concentration, so the pH is below 5.6 and is corrosive. Therefore, acid rain canses a lot of losses.

Pros: In our opinion, the rainwater that falls into the river bas changed to pH, so it is safe.

Cons: Not all rivers have a buffer system when exposed to a bit of acid; the pH will remain stable. So, acid rain that
falls into waterways can cause the pH of river water to decrease.

Pros: But acid rain also benefits the ecosystem, as it contains many minerals that are beneficial for plants and fish in

rivers.

Cons: But the disadvantages of acid rain still ontweigh the benefits. For example, what if the villagers do not know
that the river water is contaminated and stil] use it to meet their daily needs?

Pros: 1illagers use bealthy water safe from rain, so the water is still pure from groundwater sources.
Cons: Even so, the point is that acid rain is worse for the environment and health.

Pros: Yes, but we can handle acid rain becanse it happens because of buman activities, so we also have to deal with it,
such as doing 3R (Reuse, Reduce, and Recycle).

Based on the snippet above, it can seem that the debate between groups cons and pros is quite capable of
conveying their opinions with the existing facts. Argumentation-based science learning activities will
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encourage students to provide data, evidence, and appropriate theories (Robertshaw & Campbell, 2013)
and linked their scientific understanding to support arguments against a real-life problem (Pimvichai,
Buaraphan & Yuenyong, 2019). Besides, the debate enhances students’ enthusiasm as seen at the following
interview.

The debate was very exciting, but what became my difficulty was when there was an opportunity to reply fo statements

[from our debate opponents. They have mastered the material, then we reply to their statement, but they are very able
1o reply to our group’s statement. Now we can’t do anything, shame too. (Interview of Student 34, 30 January
2019)

The students enthusiastically express their opinions, which is uncommon in their chemistry class. Each
group makes a strong argument that is supported by evidence. Through the process of debate, the
interaction between students increases significantly and they provide positive, complex, and in-depth
responses to issues using a wider variety of explanations (Gutierez, 2014).

3.1.5. Meta-reflection

In this stage, the students reflect on the way in which different information and points of view are
presented, discussed, and used in the community (Skerrit, Fletcher & Kearney, 2015). This stage measures
the process of thinking, analyzing, observing, and interpreting the information presented. At the end of
each lesson, the students reflect on their knowledge of the issues studied, finalize their conclusions, and
present solutions to the problems.

If I become a citizen of the area near waste or pollution, 1 will clean up the trash, not litter, not using a vehicle when
going to a nearby place. (Student interview, Student 11, January 30, 2019)

For excample, if I become a researcher, I want to make works or products that are environmentally friendly. I actually
want to make a tool for processing super-fast waste, so the environment is free from garbage, waste, and pollution.
(Student interview, Student 5, January 30, 2019)

These interview transcript extracts demonstrate that students are able to draw conclusions, provide
solutions, convey their reflections, and understand their role in caring for the environment. Critical
reflection is an essential aspect of learning development in students (Helali, 2015).

This study demonstrates that students are actively and enthusiastically engaged in learning when using the
socio-critical and problem-oriented approach. In addition, curiosity, self-confidence, and the ability argue
increase during the learning process. The socio-critical and problem-oriented approach can trigger
motivation to learn and encourages the process of evaluation and self-reflection in the classroom;
students can understand and display the relevance of science in social discussion and decision making
(Marks & Eilks, 2010).

3.2. Analysis of Critical Thinking Skills

The ability to think critically can improve attention and observation and can allow the student to choose
important information, improve their ability to respond to information, and improve analytical skills
(Yunarti, 2011). Based on SCIT 1020 (2013), there are five indicators of critical thinking skills: problem
identification, conceptual understanding, establishing relationships between concepts, defining
assumptions, and providing conclusions. The acids and bases open-ended test results are categorized into
five criteria of critical thinking skills level: Very Good, Good, Fair, Bad, and Very Bad, with 4, 3, 2, 1, 0
points, respectively. The following is the general result data from the average assessment of all indicators
of critical thinking skills.
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Figure 4. Histogram of Students’ Critical Thinking Skills Level Achievement

Based on Figure 4, the highest percentage of students among other criteria is a good criterion. It shows
that students’ critical thinking skills in all indicators have developed well; in other words, the balance in all
hands is included in good criteria. The discussion of each indicator is as follows.

3.2.1. Problem Identification

Problem identification is the first step in problem solving and decision making (Adams & Hamm, 2010).
In this study, students are assessed on their ability to answer a question relating to the effect of an acids
and bases on the environment.

Question: dentify the social issues in the article entitled “Becanse of a speck of waste, damaged the entire waters” from
different points of view!

Answer: 1 will bave a pro view if waste can damage waters becanse waste dumped into rivers can damage underwater
ecosystems. For example, solid waste thrown into the river will block sunlight into the river/ lake so that the
photosynthesis process of aquatic plants is hampered. Moreover, industrial waste in the form of liguid is
challenging to filter if dumped into the river. However, from a contra perspective, 1 see that the waste will
not damage the waters if appropriately treated. For example, inorganic waste can be recycled into materials
with a selling value, such as making toys, accessories, ete. (Worksheet 1 of Student 34, 29 January
2019)

Student 34’s answer above shows that he/she has been able to identify the pros and cons of the question
in article 1. The integration of contextual problems provide opportunities for students to develop their
critical thinking skills through problem identification and analysis so that learning becomes more effective
(Suryawati & Osman, 2017). In addition, through debate activities, students also learn to practice their
thinking skills through issue analysis to decision-making to solve problems.

Pros: We believe that waste has benefits. Waste is divided into two types, namely organic and inorganic. Organic waste
can be used as fertilizer and fuel. Meanwhile, inorganic waste can be recycled as basic materials for handicrafts.

Cons: However, bebind some of these benefits, waste has many negative impacts on the environment. Especially if
liguid waste from industrial processes enters the waters, it can threaten the survival of flora and fauna.

Both groups are able to identify and express the core problems and support their allocated side in the
debate. The students state reasons that are clear and easy to understand. During the debate, most students
are able to identify the core problems in an issue, demonstrating a development in their critical thinking
skills. Students who think critically are those who can identify problems, evaluate and construct arguments,
and propose appropriate solutions (Elder & Paul, 2020).
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3.2.2. Conceptual Understanding

Conceptual understanding does not memorize but for a deeper understanding (Holme, Luxford &
Brandriet, 2015). Conceptual understanding is demonstrated in the second debate, in which Groups 2 and
5 discuss the article on the benefits of rainwater. While most students demonstrate an understanding of
the acid-base concept, the pro-article group experience difficulty in expressing their argument in relation
to the article, only conveying the benefits of rainwater in general. This is captured by the observers:

Groups 2 and 5 are good enough to link concepts during the debate. However, in group 5 (pro) they have not been able
1o relate it to the concept of acid-base. (Classtoom Observation, 29 January 2019)

During the session 2 debate, the pro group had not yet been seen linking the acid-base concept. (Classroom
Observation, 29 January 2019)

These statements are verified by the debate transcript below, in which the pro-article group does not link
the article to the acid-base concept:

Pros: There are general benefits of raimwater such as agriculture, irrigation, reducing soil erosion, water-powered
electricity generation, improving air quality, bealthy drinking water supplies, making lakes or reservoirs not dry,
50 that they can be used as a place for aquaculture and public needs for humans, like washing, bathing and so on.

Cons: Acid rain is rain that has a high acidic pH concentration below 5.6. Naturally acidic is pH below 6. Acid rain
Zs not good for human bealth; moreover, acid rain may contain carbonates and bicarbonates that are not good.

The cons-group shows a clear understanding of the acid-base concept by defining the pH of natural
rainwater and the pH of acid rain. Most students are able to understand the concept in an issue, and show
developing critical thinking skills in conceptual understanding. The learning process hones students’ ability
to understand and apply concepts using critical thinking skills (Saputro & Gunansyah, 2011).
Understanding concepts is mastering something with a mind that contains categories of stimulation that
have general characteristics, so understanding concepts is a very important aspect of learning (Hamalik,
2009).

3.2.3. Establishing Relationships between Concepts

The relationship between concepts is a state of the interrelationship between one idea and another (Paul,
Arkin, Aksaray, Roy & Howard, 2018). The integration of socio-critical and problem-oriented approach
engage students to connect the concepts of chemistry with environmental, social, and biological concepts
as seen in the following student’s answer for the acids and bases open-ended test.

Question: Indonesia is the second-largest waste producer in the world. It requires the right solution to minimize it so that
the environment does not get worse. In your opinion, what is the most appropriate solution to reduce waste?

Answer: The right solution to reduce or minimize waste so that the environment does not get worse is by:
a) Neutralization is the reaction between an acid and a base to produce salt and water. Neutralization can be
done in two systems, namely batch or continuons, depending on the wastewater flow. Batch system nentralization
is usually used when the flow is low and the quality of wastewater is relatively high. A continnons
neutralization system is used if the flow rate is significant, so it needs to be equipped with an automatic control
device. Neutralization of acidic waste can add Ca(OH), or NaOH. Meanwhile, alkaline waste can add
H,50, HC, HNO;s, and H;POy; and b) Precipitation is the reduction of dissolved materials by adding
solid chemicals. Precipitation is used to remove beavy metals, sulfates, fluorides, and phosphates. The compound
used is usunally lime, combined with calcium chloride, magnesium chloride, aluminum chloride, and iron salts.
(Test Answer of Student 36, 6 February 2019)

Based on the research finding above, it can conclude that students’ critical thinking skills on the indicators
of the relationship between concepts have developed well. It is in accordance with Alatas (2015), which
states that in thinking skills, students can train and develop their cognitive intelligence and connect various
facts or information with the knowledge they already have to predict the final result formulated.
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3.2.4. Defining Assumptions

An assumption is a belief, idea, conjecture, or thought possessed by an individual, group of people, or
experts regarding an object (Cohen, Baumgartner & Hunter, 2008). The development of students’ abilities
in making assumptions is identified through the following student interview excerpt.

Teacher: A farmer adds fertilizer to bis crops. The farmer often uses a variety of fertilizers. However, over time the
plants wither, and the soil becomes dry. What do you think is wrong with the farmer’s treatment?

Answer: In my opinion, the treatment of farmers who use various fertilizers and their irregular use is wrong, so the soil
becomes dry, and the plants wither. I've read that fertilizer contains nitrogen and other elements. In the ground,
there is also an element of nitrogen; if you give too much fertilizer, then the soil will harden and canse the plant
to wither... (Interview of Student 34, 30 January 2019)

The findings above show that students have been able to express their thoughts on a problem. Following
Halpern’s study cited in Noone and Hogan (2018), states that critical thinking as a part of higher-order
thinking skills comprised verbal reasoning, argument analysis, estimating the possibilities, problem-solving,
and decision making. Learning chemistry by integrating contextual problems can encourage students to
develop their thinking to solve problems in everyday life by combining the chemistry concepts they have
learned. Thus, learning chemistry becomes useful and meaningful (Hadinugrahaningsih, Rahmawati &
Ridwan, 2017).

3.2.5. Providing Conclusions

The conclusion is a proportion (sentence delivered) taken from several premises (ideas of thought) with
the rules of inference (applicable). Formulating several possible solutions and drawing conclusions are
important aspects of critical thinking. (Ratcliffe & Grace, 2003). Observations from the first debate
demonstrate the students’ skills in drawing conclusions; however, the groups do not provide solutions.

In the session one debate, they were able to draw conclusions and develop a good solution. (Classroom Observation,
29 January 2019)

In groups 1 and 6, they were able to draw conclusions and make solutions to problems well. (Classroom
Observation, 29 January 2019)

These statements can be verified by the following debate transcript:

Pros: The most common type of waste in Indonesia is plastic waste, not liguid waste. Therefore, Indonesia must reduce
the amount of plastic waste by limiting its use.

Cons: Not only plastic waste, there is also a lot of liguid waste and must be bandled. In essence, both physical and
non-physical waste must be cleaned so as not to pollute the environment.

Pros: The conclusion from our group is that waste that is possible can be recycled, don’t throw it away, but can be
created into items that are worth selling. Meanwhile, waste that cannot be reused needs to be managed first before
being discharged into the environment.

Based on the snippet of the debate, it can see that students has been able to draw conclusions and make
solutions logically and adequately. However, the two groups still have not expanded the discussion of their
findings and solutions so that the audience can also apply them to the surrounding environment. Each
student has the ability to consider relevant information and form conjectures in order to draw conclusions
as problem solving (Facione, 2011).

Based on the overall analysis, the following is the level of achievement of each indicator of students’
critical thinking skills.
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Figure 5. Histogram of Each Indicator of Critical Thinking Skills Level Achievement

Based on the Figure 5, the highest critical thinking skills of students is an indicator of problem
identification on good criteria. Student can identify important questions from the topic with a lot of
confusion. Critical thinking requires higher mental and intellectual abilities to identify and explore
problems and find solutions (Amir, 2015). The results also show that the conceptual understanding
indicator has the highest critical thinking skills on excellent criteria. This shows that the issues presented
can stimulate students’ conceptual understanding even though there are only a few students who
understand the concept.

4. Conclusions

Applying the socio-critical and problem-oriented approach to environmental issues can improve students’
critical thinking skills in acids and bases learning. For the overall results, a big number of students have
reached the good level of critical thinking skills with problem identification indicator is considered to have
experienced significant development as a basic ability in solving a problem. The integration of contextual
issues encourages students’ curiosity, enthusiasm, motivation, and argumentation skills demonstrated
during learning process and their involvement in responding to social issues presented through discussions
and debates and during the practical laboratory activity. Therefore, this study supports the socio-critical
and problem-oriented approach as an alternative approach to chemistry learning or other subjects that is
applicable and contextual in daily life and the environment.

This study highlights some challenges in developing students’ critical thinking skills through the
socio-critical and problem-oriented approach. The teacher must closely monitor the debate sessions to
ensure the class conditions are conducive to a discussion that will not be disrupted. Some students are shy
or afraid to ask questions; therefore, the teacher must provide stimulus or encouragement to students to
engage in the activity. Teacher tried to put more emphasis on students’ understanding and students’
empowerment which strengthened the students’ engagement during the lessons (Rahmawati, Koul &
Fisher, 2015). Furthermore, this type of learning can be time-consuming, and time management must be
in accordance with the overall learning plan to ensute other subjects are not negatively affected.
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