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Abstract. Critical thinking is one of the skills that need to be
mastered in the 21st century. CTS especially in prospective
elementary school teacher students, need to be developed
because as an educator, teachers must face all the problems
encountered in the learning process. This study aims (1) to
determine whether there is a difference in CTS among students
before and after receiving treatment (2) to identify the categories
of differences in CTS among students after receiving treatment
and its impact on their pro-environmental attitudes. This study is
a pre-experimental research using a one group pretest posttest
design. Students of the Elementary Education Study Program at
Ahmad Dahlan University were given treatment through PBL by
conducting an experiment on the use of banana peel waste as a
substitute for carbon powder in batteries. A pretest was given
before the students received treatment and the lecturer conducted
the learning by presenting environmental problems, followed by a
posttest. Data were analyzed using SPSS version 24 software to
determine differences based on the Hake factor or N-gain.
Additionally, the researcher analyzed the data using a paired t-
test to assess the effectiveness of the PBL model. Based on the
results of the study conducted using the N-Gain test, the average
value obtained was 0.7239. This indicates that students
experienced a significant improvement in learning outcomes,
categorized as high (g = 0.7). Furthermore, based on the results
of observations and interviews, there was a significant impact
after students participated in learning with treatment on the
material of energy sources affecting the environment. Students
demonstrated a positive attitude toward the environment, as
evidenced by their sensitivity and openness to contributing to
environmental conservation. Based on the gain values obtained,
it can be concluded that the PBL model influences students' CTS
and supports a positive attitude toward the environment.
Keywords: Critical thinking skills; students; problem-based
learning; pro-environmental attitudes

Introduction

The 21st century is a century in which all sectors are developing rapidly. The field
of education is a field that is progressively developing by implementing learning models
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that facilitate 21st century skills (Muslimin, 2024). 21st century learning requires students
to have the ability to integrate literacy, knowledge skills, skills and character and be able
to master technology (Hasmiza, 2025).

Educators as the spearhead of education are expected to be able to keep up with
the changes and developments of the times. According to (Rakhmawati, 2024) in 21st
century learning there is the concept of 4C. These four elements are instruments that can
make students adapt and develop in the 21st century. Students will face various
opportunities and challenges in the era of technological and information advances. These
various skills can be integrated in independent activities such as learning activities,
students are given a lighter problem, then the lecturer as a guide (Gea, 2025).

Active student participation is one of the indicators of effective learning (Kasmadi,
2025). Seven competencies that must be developed are the ability to think critically, work
together and lead, adaptive, the ability to obtain information, high curiosity, high
entrepreneurial spirit, and moral communication skills (Syafar, 2024).

Natural sciences (IPA) can be an effective means of exploring students' scientific
attitudes, analytical abilities, critical thinking, objective, systematic and so on (Tukan,
2025). The success of science learning is measured by the ability of students to understand
scientific concepts and process skills such as observing, asking questions, planning,
carrying out and evaluating scientific actions (Aisah, 2025). In addition, students are also
expected to have attitudes and behaviors that support positive contributions to the
development and preservation of the environment (Syafitri, 2024).

Critical thinking ability (CTA) is the capacity to deal with complex situations or
theories, then decipher and analyze in depth to gain scientific understanding (Novita,
2024). Students are said to have CTS if they are able to recognize problems, make
decisions based on certain contexts, evaluate information and form assumptions that help
in formulating problem-solving strategies (Solihin, 2024). However, low CTS in students
are caused by strategies that lead to the ability to analyze (Humam, 2025). This occurs
due to educators, where learning tends to be led by lectures from lecturers and
assignments are given at the end of the learning session only with group presentations
(Sugiartini, 2024).

Based on initial observations, the data showed that students were still passive in
attending lectures. Students tend to be afraid to express their opinions in the discussion
forum. Students are also fixated on the answers on the internet and do not develop their
arguments in their own language. Based on tests conducted by lecturers in the Advanced
Science course, there are 50% of students who have not met the grade standards, even
though the questions given are description questions which should allow students to be
more free to be creative and write their arguments. Students seem less enthusiastic during
learning, this can be seen by some students chatting alone or playing on their cell phones.
In addition, based on observations, some students still tend to bring bottled water into the
lecture room and bring fast food wrapped in sterofoam. Some students are less sensitive
to the dirty state of the classroom after learning. During the lecture process, lecturers are
more active and cause students to present monotonously. As a result, there is no bridging
facility for lecturers who can stimulate students' critical thinking by preparing careful
planning so that the problems faced can be handled better (Hardianty, 2024).

The PBL model is considered a strategy to attract student attention (Aprina, 2024).
This model facilitates learning to trigger students' analytical skills. According to (Hotimah,
2020), this model also emphasizes the ability to interpret a phenomenon or problem and
come to a conclusion. According to (Dwijayanti, 2024) in PBL, students are given a stimulus
to bring out the thinking skills of students in finding problem-solving steps that are relevant
to the learning context. Students are encouraged to be active in solving problems and the
information needed, all of which require CTS (Sholeh, 2024).

574 | JIPI (Jurnal IPA dan Pembelajaran IPA), 9(2), p.573-585, (2025)



CTS an also affect a person's pro-environmental attitude. When students have been
able to analyze an environmental problem and can provide the right arguments, students
can choose and take actions that lead to a pro-environmental attitude. Pro-environmental
attitudes have many terms such as environmentally friendly behavior. Behavior that is
carried out with full awareness with the aim of minimizing the harm of actions to the
surrounding nature is the definition of pro-environmental behavior. A person can be
suspected of having a pro-environmental attitude with an awareness of environmental
norms, protecting the environment and personal responsibility (Rahman, 2020). This
awareness certainly comes from critical thinking about the consequences that will arise
when taking an action. The ability to think critically will encourage the creation of a pro-
environmental attitude which is very important for students to have. Based on the
background above, the researcher wants to know (1) whether there is a difference in
students' CTS before and after being treated (2) how the level of difference in CTS and
pro-environmental attitudes after the application of PBL with open ended questions in
elementary school teacher education students.

Methods

This type of research is pre-experimental with a one-group pretest posttest design,
which means only using one class. Researchers give a pretest before treatment and
measure the impact of treatment with a posttest. This research is considered sharper
because it measures the difference by comparing the situation before and after (Sugiyono,
2019).

There are three flows and activities in this study, namely (1) preparation (2)
treatment (3) results. In the first stage, researchers prepared research instruments that
were validated by expert lecturers. In addition, researchers also analyzed the initial
conditions of the class under study and collected data with literature studies. The second
stage is the implementation of treatment. Researchers applied the PBL model with
experiments in accordance with the PBL syntax. Then the last is to calculate the results by
processing the final data obtained and then comparing with the initial data through the
analysis process (Creswell, 2018).

Table 1. One-group prestest-postest research design

Pretest Treatment Posttest
01 X 0,
Description:
o1 . Pretest
X : Treatment
02 : Posttest

The research subjects consisted of 41 PGSD students. The instruments are critical
thinking ability tests with open ended description types representing CTA indicators and
interview sheets to find out students' pro-environmental attitudes. The instrument
designed has gone through a validation process by three expert lecturers, namely a science
expert lecturer and two lecturers in the field of basic education. The application used to
analyze data is with SPSS software qualitative data is processed with descriptive.

This research also goes through classical parametric tests with normality and
homogeneity tests. The normality test is carried out when the researcher wants to know
whether the data is normally distributed or not, while homogeneity is used to determine
whether the data has the same or different variants. The requirement for normally
distributed data is probability or (Sig.) >0.05. The homogeneity test aims to determine
whether the sample comes from a homogeneous population or not by comparing the two
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variant (Isnaini, 2025). The condition that the data comes from a homogeneous population
is the probability (Sig.) > 0.05 and if the probability (Sig.) < 0.05 then the data is not
homogeneous (Nasution, 2019; Mulyati, 2024).

After the data is declared normal and homogeneous, the next hypothesis test is
paired sample t-test. This test was chosen on the grounds that the data came from only
one class and aimed to see the effect of the learning carried out (Hasnunidah, 2017). Based
on the paired sample t-test results if sig.2-tailed <0.05 then HO is rejected and Ha is
accepted. Furthermore, the n-gain test was conducted to see the difference. N-Gain criteria
for the effect of applying PBL models in improving CTS can be seen in table 2.

Table 2. N-gain criteria

N-gain value Criteria
0.7<g<1.0 high
0.3<g=<0.7 medium
0=<g=<0.3 low

Results and Discussion

Normality Test

This test is classified as a classic test with the intention of analyzing whether the
data is normally distributed or not. The consequence of the normality test results is that if
the data passes the normality test, the prerequisites are met and can perform parametric
tests. But on the contrary, when it does not pass, it must be calculated with non-
parametric. Normality test using pretest and posttest data shown in Table 3.

Table 3. Normality test of pre-test and data

Tests of Normality Kolmogorov- Shapiro-
Smirnov?® Wilk
Statistic df Sig. Statistic df Sig.
Pretest .126 40 .108 967 40 .282
Posttest .135 40 .063 .952 40 .086

Based on Table 3, both the Kolmogorov-Smoirnov and Shapiro Wilk tests have good
significance. The significance obtained for the pretest is 0.282 (0.282> 0.05), so Ho is
accepted and Ha is rejected. The pretest obtained a significance value of more than 0.05
and concluded that it was normally distributed. The posttest obtained a significance of
0.086 (0.086 > 0.05), so Ho is accepted and Ha is rejected. Thus the posttest value is also
normally distributed.

Homogeneity Test

Table 4. Homogeneity test of pre-test and post-test data

Levene dfl df2 Sig.
Statistic
Value Based on Mean 3.830 1 78 .054
Based on Median 2.755 1 78 .101
Based on Median and with  2.755 1 67.976 .102
adjusted df
Based on trimmed mean 3.488 1 78 .066
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Based on the output above, it is known that the sig value> 0.05 is 0.054 and
the data has the same variance with the criteria if the sig value> 0.05, it is said that the
variance of the pretest and postest is homogeneous.

Paired Sample T-test

The test chosen to calculate the difference in average ability is the Paired sample
T-test. The purpose of the test is to determine whether there is an average difference in
CTS before and after treatment. This test processes pretest and posttest data from 41
students with the hypothesis:
Ho: There is no difference in the average CTS of students before and after the application
of the PBL learning model.
Ha: There is a difference in the average CTS of students before and after the application
of the PBL learning model.
The results of the paired sample t-test are shown in Table 5.

Table 5. Paired t-test results for CTA

Mean N Std.Deviation Std. Error
Mean
Pair 1 Pretest 38.00 40 6.210 .982
Posttest 82.70 40 8.564 1.354

The pretest mean value was found to be 38.00 and the posttest value was 82.70
which interpreted that there was a difference in the average before and after treatment.

Table 6. Significance results of 2 tailed paired t-tests
Paired Differences T Df Significance
Mean Std. Std.  95% Confidence
Deviation Error Interval of the
Mean Difference

Lower Upper One- Two-
Sided p Sided p
Pre 44,700 8.247 1.304 47.337 42.063 -34.281 39 <.001 <.001
Test-
Post
Test

Sig value. (2-tailed) 0.001 < 0.05 with a reference if sig. p < 0.05 then Ha is
accepted and Ho is rejected. This means that there is a significant difference between the
pretest and posttest scores after students take part in learning with treatment practicum.

N-Gain Test

After it is stated that there is a difference in the pretest and posttest scores, the
next test is the N-Gain test which aims to calculate the difference category. The N-Gain
value is calculated by finding the difference between posttest and pretest. The N-gain index
states the high and low CTS presented in table 7. The hypothesis is written as follows:
Ho: There is no improvement in students' CTS after PBL learning.
Ha: There is an increase in students' CTS after participating in PBL learning.
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Table 7. N-gain test calculation results of prestest and postest results

N Minimum Maximum Mean Std.
Deviation
N-Gain 40 40 .93 .7239 12906

valid N (listwise) 40

Table 7 presents a summary of the N-gain results of 0.7239= 0.7 with high criteria.
The table shows that the minimum value is 40% and the maximum is 93%. It can be
inferred that the use of PBL models can improve the CTS of PGSD students.

Table 8. N-Gain value of student CTA indicators

N-Gain indicator Value N-Gain N-Gain (%)
Pretest Posttest Post-pre 100-pre

Interpretation 38.5366 85.85366 47.31706 52.68294 0.898148 89.81476736

Analysis 39.0244 80.4878 41.4634 58.5366 0.708333 70.83329063

Evaluation 34.6341 75.12195 40.48785 59.51215 0.680329 68.03291429

Conclusion 36.6341 80 43.3659 56.6341 0.765721 76.57206524

Explanation 37.0732 81.95122 44.87802 55.12198 0.814158 81.41583448

Table 8 on the indicators there is an escalation of students' CTS with the PBL
learning model. The -1 indicator is interpretation. The pretest value reveals the number
38.5366 and on the posttest is 85.85366 with n-gain 0.898148 on high improvement
criteria. Analysis is the 2nd indicator with a pretest of 39.0244 and a posttest of 80.4878
followed by an n-gain of 0.708333 on a medium improvement measure. Evaluation
indicator with an average score of pretest 34.6341, posttest 75.12195, N-Gain 0.680329
on medium criteria. The 4th indicator is Inference, the average pretest 36.6341, posttest
80 and N-Gain value 0.765721 on high criteria. The 5th indicator, namely explanation, gets
a mean pretest value of 37.0732 and a posttest of 81.95122 with an n-gain of 0.814158
in the high improvement category.

Differences in Student Ability Before and After Implementing

It is known that the paired t-test obtained a Sig value. = 0,001 < 0,05. The data
interpretation reference used if Sig. p < 0.05 then Ha is accepted and Ho is rejected. There
is a significant difference in pretest-posttest with PBL on CTS of elementary school teacher
education students. The increase can occur because this model uses syntax by making
students free to argue and think more critically. In the first syntax is interpretation, then
the lecturer gives a lighter question that focuses on environmental issues such as the use
of batteries that are not environmentally friendly and their impact on the environment.
Students were seen thinking and contemplating for a moment that a small object like a
battery turns out to bring enormous danger to the earth where we live. Students began to
think that there is content in the battery stone that cannot be decomposed by the soil.
Students can even relate to the great risk if the battery stone catches fire and explodes.
Students are given the opportunity to think and innovate in making environmentally
friendly battery stones by utilizing ambon banana peel waste. The practicum process is
shown in Figure 1.
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Figure 1. The process of students doing practicum

The application of the PBL learning model makes students more active and
interested in the learning process (Gomez, 2024). Students are trained to contribute to
thinking about real steps in reducing environmental pollution. Many students expressed
their ideas and opinions in the discussion forum opened by the lecturer. Students become
more confident in expressing their opinions because students feel that the questions asked
are problems that are close to student life. This is in accordance with the results of
interviews conducted with students that students claimed to be more motivated in learning
with experiments.

"The questions are very close to environmental issues. After participating in the
lesson, I became thinking about environmental issues where in our daily lives we often
unknowingly become agents that have a very bad impact on the environment around us."

Before being given the treatment, many students were less sensitive to the
surrounding environment, especially on energy use. Students often leave the classroom
without turning off the air conditioner or lights in the classroom. In addition, some students
bring food into the classroom. There are also students who charge their cell phones while
learning is taking place.

Based on the results of interviews on indicators of pro-environmental attitudes
towards students, the results show that after students get treatment, they have a sensitive
attitude towards environmental problems. Referring to the research of (Blirgener, 2018)
who combined ideas and projects in the form of scaffolding, making the classroom more
active and increasing students' critical thinking. According to students, there are actually
many potential natural materials that can replace non-renewable energy sources. Students
also become more open to innovation and creative ideas to reduce environmental pollution.

"After participating in the lesson, I became more aware that there are many
potential natural materials that can be used to replace materials that are not
environmentally friendly, even those natural materials have been categorized as waste. I
became more curious and want to find out more about what natural materials have the
potential to be recycled.”

Of course, innovative thinking must be supported by real action to contribute to
caring for the surrounding environment (Honebein, 1996). In the second indicator of pro-
environmental attitudes is the aspect of environmentally responsible consumption, the
results show that students become wiser in buying food wrapped in styrofoam. According
to students, it would be better to eat on the spot with the container provided without having
to bring it to class and increase waste. The third indicator is energy conservation. After
participating in PBL related to environmental pollution and energy waste, students become
more sensitive to the surrounding environment by turning off the air conditioner and lights
when finished learning. Students who are accustomed to charging cell phones on campus,
become wiser in the use of energy. In the fourth indicator, students claimed to be greatly
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helped by the existence of drinking water refill stations so that it would reduce plastic bottle
waste. Students also feel that the presence of UAD buses is very helpful in reducing
environmental pollution.

Improvement of Student CTA Pretest and Posttest Results

The N-Gain test suggests that there is an increase with a high category for the CTS
of PGSD students with the mean pretest posttest value obtained 0.72392>0.7. The
minimum value is 40% and the maximum is 93%, which means that students' CTS
between before and after the application of the PBL model jumped. Students become more
challenged in learning, especially when understanding solutions and are required to solve
problems. Research by Uliyanti (2024) that the PBL allows students to gain insight into
solving problems related to contextual problems. In addition, other research conducted by
mathematical problem solving skills can increase by applying PBL (Ramadhani, 2024).

Giving problems related to the problem to be solved. This research is supported by
(Pertiwi, 2023) which states that the PBL model is very suitable to be applied to determine
the initial understanding of students and the extent of their analytical abilities. This
research is not only by implementing the model, but students are also invited to make
environmentally friendly energy sources by making battery stones from banana peels.
Practicum can make students feel more deeply in concept mastery. In line with (Andarias,
2025) that through practicum activities that have structured activities, students will be
encouraged to understand concepts. In addition, through practicum students will feel more
direct learning and gain real experience.

Interpretation indicators with an average pretest of 38.5366, posttest 85.85366
and N-Gain 0.89 high category. Before students were given material and understanding
related to environmental problems, students could not comprehensively explain the
reasons for the impact of using battery stones on the environment. Students are less able
to write their answers comprehensively. Some students answered with the environment
becoming dirty, becoming polluted, a lot of garbage. But students have not been able to
write down the substances contained in batteries that can harm the soil and the difficulty
of batteries decomposing in the soil. After being given the treatment of learning models
and practicum together, students became more able to answer interpretation questions in
more depth. Such as the presence of carbon-colored black powder in the battery stone to
the battery cover made of zinc which is difficult to decompose. In agreement with (Facione,
2011) that interpretation is defined as the competence of realizing an intention in the form
of events, conditions or objects.

The second indicator is analysis. The average pretest indicator is 39.0244, the
posttest is 80.4878 with an N-Gain value of 0.7083 with high improvement criteria.
Students answered pretest questions that analyzed why battery stones from natural
materials are more environmentally friendly. Before being treated, many students
answered the question briefly without thinking deeply. Most students answered that battery
stones from natural materials are more environmentally friendly because they are made
from natural materials. After being given treatment and students were directly involved in
the practicum. Students became more critical and answered questions with more depth.
Their analytical skills also increased, marked by each writing an answer accompanied by
supporting arguments. Analytical ability is the ability to know the meaning and relationship
between statements, questions, opinions and experiences (Facione, 2011).

The third indicator is evaluation. The N-Gain value is 0.68 with a mean pretest of
34.63 and posttest of 75.12 which is also categorized as high. This third indicator is the
indicator with the lowest pretest score. When before being treated, students were so
confused with the question of why electricity can occur in natural materials and not
chemicals. Students whose backgrounds are not too deep into electrical material seem
confused. Students also hesitated and did not believe that natural materials could replace
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carbon in batteries. Many students also assume that the source of electricity comes from
the fibers of banana peels, even though the electricity comes from water from the content
of banana peels that have been pounded. After being given the treatment, students became
more critical and convinced that the source of electric current comes from banana peel
water and students understood that banana peels must be pounded as softly as possible
until they release the water. This agrees with (Dewanda, 2020) that evaluation is related
to logical reasoning skills to achieve CTS.

The 4th indicator of Inference also occupies a high improvement category with
an N-Gain value of 0.76. Previously, students found it difficult to draw conclusions with
their own sentences. Students were fixated on the video given by the lecturer without
developing their own sentences. This is also an impact of the students' low ability to
interpret. When students were asked about the effectiveness of banana peel waste
replacing carbon in batteries, many students could not conclude the answer effectively,
quite effectively or ineffectively. Many students wrote answers in the form of reasons only
without drawing conclusions. After being given treatment, students can draw conclusions
in their own language. Students can also write strong arguments after they answer how
effective. Some students answered that it is very effective because banana peel waste
material is very easy to obtain in nature and does not damage the environment either in
the short or long term. Some students wrote less effective, because the electric current
produced is limited so it is difficult to apply to large electronic objects. This agrees with
(Kurnianto, 2024) that to achieve inferential skills, students must be able to master various
aspects. Research according to (Cai, 2021) states that inferential ability is obtained when
a person can master various aspects including environmental aspects.

The 5th indicator is explanation. This indicator obtained an average pretest score
of 37.07, the average posttest was 81.95 and the N-gain was 0.81. In this indicator,
students are given the opportunity to be able to explain the flow of how a dead battery
works and is filled with banana peel waste. Before being given the treatment, students
looked very confused. Students answered the question briefly, even though the question
had been given instructions to explain but students only wrote with short sentences, for
example because there is electricity, banana peel waste has strong fibers and so on.
Students were not able to explain the flow of electricity comprehensively. After being given
the treatment, students became more detailed in providing answers. The explanation given
was also very coherent and thorough. Many students connected practicum activities to
answer this question. Therefore, the development of thinking skills is one of the most
important aspects of learning as its quality affects further human activities (Djamas et al.,
2021).

In conclusion, the problem-based learning model research with the practicum of
energy sources from banana peel waste supports the improvement of students' CTS by
0.7239 with a high category. In addition, this model is suitable and has an impact on
students' pro-environmental attitudes. Students become more sensitive and critical
towards the threat of environmental pollution. Students become wiser in using energy
sources. CTS can be developed with a PBL model that facilitates students with problems
that are close to everyday life so that it will have an impact on pro-environmental attitudes
and behaviors.

Conclusion
Based on the discussion above, (1) there are differences in students' CTS before
and after being treated (2) the category of increasing students' CTS after being treated is

in the high category and has a significant impact on students' pro-environmental attitudes.
The PBL on electricity material has a learning stage that exposes the problem to students
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with the impact of waste electricity sources that are harmful to the environment. Based on
interviews, students become more open and sensitive to environmental conditions. PBL
opens students' minds related to environmental problems and their impacts. Students
claimed to be more challenged because they knew that natural materials have a lot of
potential to replace chemicals. Students also claimed to be more aware and want to
contribute positively to the environment. The average N-gain score shows 0.7239 for
students' CTS which greatly facilitates students to think and carry out the role of analytical
thinking, especially for environmental problems close to student life. Students contribute
as agents of change with a pro-environmental attitude that arises from CTS. There is a
difference in the CTS of Ahmad Dahlan University Elementary School Teacher Education
students between before and after treatment indicated by the average pretest score of
38.00 while the average posttest is 87.20. The mean of the pretest-posttest difference is
44.70, which means that students' CTS between before and after the application of the PBL
model have increased.
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